
1 - DESCRIPTION Title of Invention ZINC-BASED METAL COATED STEEL SHEET
Technical Field [0001]      The present invention relates to an
environmentally friendly, surface-treated zinc-based metal coated steel sheet
for use in, for example, automobiles, household electric appliances, and
building materials, the zinc-based metal coated steel sheet being subjected to
surface treatment to form a surface treatment film free from a pollution
control substance, such as hexavalent chromium. In particular, the present
invention relates to a zinc-based metal coated steel sheet having excellent
electromagnetic wave shielding properties and corrosion resistance and
suitably used for, for example, electric and electronic equipment, which is
required to prevent electromagnetic interference (EMI). Background Art [00021
With the recent digitization of household electrical appliances and increase
in the speed of CPUs, importance has been attached to problems with
electromagnetic interference that adversely affects peripheral equipment and
the human  body. To address the problems, in our country, the "Voluntary
Control Council for Interference by Information Technology Equipment (VCCI)"
has been established. In these days, to comply with the standards of VCCI,
there is a strong tendency to exercise voluntary restraint on the problems
with electromagnetic interference. As an example of countermeasures against
electromagnetic noise generated from electronic substrates in electric and
electronic equipment, there is a technique for shielding electromagnetic waves
by surrounding electronic substrates and so forth with a shield box composed
of a metal (conductive) material. [0003]       For the shield box, the
conductive material constituting the shield box reflects electromagnetic waves
to shield electromagnetic waves. A higher conductivity of the material
constituting the shield box results in higher reflectance to electromagnetic
waves, improving electromagnetic wave shielding properties. So, in order to
ensure the electromagnetic wave shielding properties, it is important that a
metal plate constituting the shield box should have high conductivity. [0004]
The shield box is produced by forming a metal sheet and thus has
discontinuities (joints and junctibns). The  discontinuities are likely to
cause the leakage or penetration of electromagnetic waves. For the shield box,
thus, a conductive gasket is usually interposed in the discontinuities to
prevent the leakage and penetration of electromagnetic waves. [0005]
Here, to further ensure the shielding properties of the shield box, it is
necessary to form a structure in such a manner that a desired current can be
passed through the entire shield box. However, the contact pressure is usually
low at a contact portion between the metal body and the gasket. So, the
electrical conductivity (hereinafter, referred to simply as "conductivity")
between the metal body and the gasket is low. The amount of current passing
through the contact portion tends to be reduced. Thus, in addition to ensuring
the conductivity of the metal plate constituting the shield box, ensuring the
conductivity between the metal plate and the gasket is important to achieve
higher performance of the shield box. [0006]      Nowadays, electric and
electronic equipment is used in all environments. A material constituting the
shield box is required to have excellent corrosion resistance even under a
severe usage environment. Chromate treatment is known as a typical method for
improving the corrosion resistance  - 4 -  (resistance to white rust and red
rust) of a zinc-based metal coated steel sheet. Traditionally, zinc-based
metal coated steel sheets subjected to chromate treatment with a treatment
liquid mainly containing chromic acid, dichromic acid, or salts thereof have
been widely used as steel sheets for household electrical appliances, steel
sheets for building materials, and steel sheets for automobiles. [0007]
As described above, the metal body (steel sheet) constituting the shield box
is required to have high conductivity and conductivity between metal body and
the gasket. Here, although a film formed on a surface of the steel sheet by
chromate treatment has lower conductivity than the base steel sheet, the film
formed by chromate treatment provides rust preventive performance even at a
small thickness. So, in the case of a surface-treated steel sheet subjected to
chromate treatment, minimizing the thickness of the film having inferior
conductivity provides conductivity comparable to a steel sheet (without being
subjected to surface treatment). It is thus possible to ensure sufficient
conductivity between the steel sheet and the gasket, thereby striking a good
balance between rust preventive performance and electromagnetic wave shielding
properties. However, recent global environmental issues require a
pollution-free surface-treated steel sheet, i.e.,  a chromium-free treatment
steel sheet, without using chromate treatment. [0008]      Many techniques
about chromium-free treatment steel sheet have been reported. Examples of the
techniques that have been reported include a technique of using a passivation
effect of molybdic acid and tungstic acid, which belong to the IVA group the
same as chromic acid; a technique 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;
a technique based on polyhydric phenol carboxylic acid, such as tannic acid,
and a chelating agent, such as a compound containing S or N; a technique of
forming a polysiloxane film with a silane coupling agent; and combinations of
these techniques. [0009] Specific examples are as follows:  (1) a technique
for forming a film from a treatment liquid containing a covering agent
prepared by reaction of an organic resin, such as a polyvinylphenol
derivative, an acid component, and an epoxy compound, a silane coupling agent,
a vanadium compound, and so forth (for example, PT-Ls 1, 2, 3, and 4);  (2) a
technique for forming a film containing a water-based resin, a thiocarbonyl
group, a vanadic acid compound, and  6 phosphoric acid (for example, PTL 5);
(3) a technique for forming a film from a treatment liquid containing a metal
compound, such as Ti, a fluoride, an inorganic acid, such as phosphate
compound, and an organic acid (PTLs 6, 7, 8, 9, 10, 11, and 12);  (4) a
technique in which a composite film composed of rare-earth elements, such as
Ce, La, and Y, and Ti and Zr elements is formed and in which in the film, an
oxide layer is thickened on the coated layer side, and a hydroxide layer is
thickened on the surface side (PTL 13), and a technique for forming a
composite film of Ce and Si oxide (PTL 14);  (5) a technique for forming an
organic composite coating including an oxide-containing phosphoric acid and/or
phosphate compound film serving as a lower layer and a resin film serving as
an upper layer (for example, PTLs 15 and 16); and  (6) a technique for forming
a composite film including a specific inhibitor component and a
silica/zirconium compound (for example, PTL 17). [0010]      The films formed
by these techniques aim to inhibit the occurrence of white rust by combined
addition of the organic components or inorganic components. For example, in
each of the techniques of items (1) and (2), the corrosion resistance is
ensured by mainly adding the organic resin.  For such film composition
containing the organic resin, however, the organic resin is insulative. So,
the steel sheet including the film does not have sufficient conductivity and
thus is not suitable as a material for the shield box. [0011] 



In each of the techniques of items (3) and (4), the inorganic film free from
an organic component is reported. The composite film composed of the metal
oxide and metal hydroxide is required to have an increased thickness in order
to provide sufficient corrosion. resistance. Furthermore, a surface of the
zinc coated steel sheet is covered with a nonconductive film (insulative film)
composed of, for example, zinc phosphate. So, it is disadvantageous to provide
satisfactory conductivity, and it is thus difficult to strike a balance
between the corrosion resistance and the conductivity. [0012]       In the
technique of item (5), attention is focused on the dependence of the
conductivity of a surface of the surface-treated steel sheet on the thickness
of the insulating film covering the surface. The technique aims to provide
satisfactory conductivity by reducing the thickness of the insulating film.
However, a smaller thickness results in a reduction in the corrosion
resistance of the  steel sheet. It is thus difficult to provide a
surface-treated steel sheet having excellent corrosion resistance and
conductivity. [0013] In the technique of item (6), the use of the passivation
effect of the vanadic acid compound and a sparingly soluble metal salt due to
the phosphate compound, which serve as the inhibitor components, and the
formation of the composite film, serving as a skeletal film, composed of the
zirconium compound, fine particle silica, and the silane coupling agent
provide excellent corrosion resistance. However, in the case where conduction
is requited under severe conditions where contact is established at a very low
load, it is necessary to reduce the thickness of the film, thus causing
difficulty in striking a balance between the corrosion resistance and the
conductivity. [0014]      As described above, for the chromium-free treatment
steel sheets reported so far, in order to ensure corrosion resistance
comparable to that of a traditional chromate film, it is necessary to increase
the thickness of a highly insulative film. For the chromium-free treatment
steel sheets, it is thus difficult to ensure conductivity. The steel sheets do
not sufficiently sati sty the properties required for a steel sheet
constituting the shield box. As  - 9 - described. above, in order to further
ensure the shielding properties of the shield box, the conductivity between
the metal body (steel sheet) and the gasket at a low contact pressure needs to
be sufficiently ensured_ However, in the foregoing techniques, the
conductivity is not considered. Citation List Patent Literature [0015]
PTL 1: Japanese Unexamined Patent Application 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 Publication No. 2004-183015      PTL 9:
Japanese Unexamined Patent Application Publication No. 2003-171778 PTL 10:
Japanese Unexamined Patent. Application  - 10 - Publication No. 2001-271175
PTL 11: Japanese Unexamined Patent Application Publication No. 2006-213958
PTL 12: Japanese Unexamined Patent Application Publication No. 2005-48199
PTL 13: Japanese Unexamined Patent Application Publication No. 2001-234358 PTL
14: Japanese Patent No. 3596665      PTL 15: Japanese Unexamined Patent
Application Publication No. 2002-53980      PTL 16: Japanese Unexamined Patent
Application Publication No. 2002-53919      PTL 17: Japanese Unexamined Patent
Application Publication No. 2008-169470 Summary of Invention Technical Problem
[0016]      The present invention overcomes the foregoing problems in the
related art. It is an object of the present invention to provide a zinc-based
metal coated steel sheet including a surface treatment film free from a
pollution control substance, such as hexavalent chromium, the steel sheet
having excellent conductivity even under severe conditions where the steel
sheet is in contact with, for example, a gasket at a low contact pressure
without reducing  corrosion resistance. Solution to Problem [0017]      To
overcome the foregoing problems, the inventors have conducted intensive
studies and have found the following: A surface treatment liquid (A) is
applied to a surface of a zinc-based metal coated layer and dried by heating
to form a first layer composed of a composite oxide film, the surface
treatment liquid. (A) containing a resin emulsion that contains a cationic
urethane resin emulsion and/or a nonionic acrylic resin emulsion, the cationic
urethane resin emulsion containing at least one cationic functional group
selected from primary to tertiary amino groups and quaternary ammonium salt
groups, a tetraalkoxysilane, at least one silane coupling agent that contains
at least one reactive functional group selected from active
hydrogen-containing amino groups, an epoxy group, a mercapto group, and a
methacryloxy group, a chelating agent, a vanadic acid compound, a titanium
compound, and water in a specific ratio. A surface treatment liquid (B)
containing an organic resin 



is applied to a surface of the first layer and dried by heating to form a
second layer, thereby overcoming the foregoing problem. [0018] The foregoing
findings have led to the completion of  - 12 - the present invention. The
outline of the present invention is described below.  (1) A zinc-based metal
coated steel sheet includes a surface film arranged on a surface of a
zinc-based metal coated layer, the surface film having a two-layer structure
including a first layer and a second layer,      in which the first layer is
formed by applying a surface treatment liquid (A) for a zinc-based metal
coated steel sheet to the surface of the zinc-based metal coated layer and
performing drying by heating, the surface treatment liquid (A) containing a
resin emulsion (a) that contains a cationic urethane resin emulsion (a-1)
and/or a nonionic acrylic resin emulsion (a-2), the cationic urethane resin
emulsion (a-1) containing at least one cationic functional group selected from
primary to tertiary amino groups and quaternary ammonium salt groups, a
tetraalkoxysilane (b), at least one silane coupling agent  (c) that contains
at least one reactive functional group selected from active
hydrogen-containing amino groups, an epoxy group, a mercapto group, and a
methacryloxy group, a chelating agent (d), a vanadic acid compound (e), a
titanium compound (f), and water, the surface treatment liquid (A) having a pH
of 3 to 6 and being adjusted so as to satisfy requirements (I) to (V)
described below, in which the second layer is formed by applying a surface
treatment liquid (B) - 13 - that contains an organic resin (g) to a surface of
the first layer and performing drying by heating, and in which the total
thickness of the first layer and the second layer is in the range of 0.1 to
3.0 gm per side:  (I) the proportion of the solid (as) of the resin emulsion
(a) is in the range of 11% to 45% by mass with respect to the total solid of
the treatment liquid; (II) the ratio by mass of the solid of the silane
coupling agent (c) to the solid of the resin emulsion (a), i.e., (cs/as), is
in the range of 1.51 to 5.35;  (III) the ratio by mass of the solid of the
tetraalkoxysilane (b) to the solid of the chelating agent (d), i.e., (h5/d5),
is in the range of 0.15 to 1.49;  (IV) the ratio of the mass (ev) of the
vanadic acid compound (e) in terms of V to the mass of the solid (ds) of the
chelating agent (d), i.e., (ev/ds), is in the range of 0.03 to 0.23; and  (V)
the ratio of the mass (fT) of the titanium compound (f) in terms of Ti to the
mass of the solid (ds) of the chelating agent (d), i.e., (fT/ds), is in the
range of 0.02 to 0.19.  (2) In the zinc-based metal coated steel sheet
described in item (1), the organic resin (g) in the surface treatment liquid
(B) contains an organic resin (g-1) that contains an OH group and/or a COOH
group.   (3) In the zinc-based metal coated steel sheet described in item (1),
the organic resin (g) in the surface treatment liquid (B) contains a
hydrazine-modified organic resin (g-2) formed by reaction with an active
hydrogen-containing compound (i) composed of a hydrazine derivative (h) in
which some or all of compounds contain active hydrogen.  (4) In the zinc-based
metal coated steel sheet described in any one of items (1) to (3), the surface
treatment liquid (B) further contains a rust preventive additive (j).  (5) In
the zinc-based metal coated steel sheet described in item (4), the rust
preventive additive (j) contains (k) and/or (1) described below, the
proportion of the rust preventive additive (k) is in the range of 1 to 100
parts by mass in terms of the solid content with respect to the total amount
of 100 parts by mass of the organic resin (g) in the surface treatment liquid
(B): (k) Ca ion-exchanged silica; and (1) silicon oxide.  (6) In the
zinc-based metal coated steel sheet described in any one of items (1) to (5),
the surface treatment liquid (B) further contains a lubricant (m).
Advantageous Effects of Invention [0019]      According to the present
invention, it is possible to provide a zinc-based metal coated steel sheet
having  - 15 - excellent properties, such as corrosion resistance and
adhesion, and having excellent conductivity even under severe conditions where
the steel sheet is in contact with, for example, a gasket at a low contact
pressure, in particular, without reducing corrosion resistance. Best Mode for
Carrying Out the Invention [0020]      The present invention will be
specifically described below. <Zinc-Based Metal Plated Steel Sheet>
Examples of a zinc-based metal coated steel sheet according to the present
invention include, but are not particularly limited to, a hot-dip galvanized
steel sheet (GI), a hot-dip galvannealed steel sheet (GA) produced by alloying
the galvanized steel sheet, a hot-dip 5 mass% Al-Zn alloy coated steel sheet
(GF), a hot-dip Zn-55 mass% Al-Zn alloy steel sheet (GL), an electrogalvanized
steel sheet (EG), and a Ni-Zn (11 mass% Ni-Zn) alloy electroplated steel
sheet. [0021] <First Coating Film>      In the present invention, a surface
treatment liquid (A) is applied to a surface of a zinc-based metal coated
layer of a zinc-based metal coated steel sheet and dried by heating to form a
first layer. The first layer formed from  - 16 - the surface treatment liquid
(A) is composed of a composite oxide and has satisfactory heat resistance,
weldability, and adhesion and excellent conductivity. So, in the present
invention, the first layer plays an important role in providing a zinc-based
metal coated steel sheet having excellent conductivity even under severe
conditions where the steel sheet is in contact with, for example, a gasket at
a low contact pressure, in particular, without reducing corrosion resistance.
[0022] (Surface Treatment Liquid (A))      The surface treatment liquid (A)
for a zinc-based metal coated steel sheet used in the present invention
contains a resin emulsion (a) composed of a cationic urethane resin emulsion
(a-1) and/or a nonionic acrylic resin emulsion (a2), a tetraalkoxysilane (b),
a silane coupling agent (c), a chelating agent (d), a vanadic acid compound
(e), a titanium compound (f), and water. [0023]       The formation of a
surface treatment film on a surface of a zinc-based metal coated steel sheet
by the use of the surface treatment liquid containing the cationic urethane
resin emulsion (a-1) and/or nonionic urethane resin emulsion (a) provides the
zinc-based metal coated steel sheet having excellent properties, such as
corrosion resistance, adhesion  



- 17 - of the formed film, and corrosion resistance after alkaline degreasing,
and having excellent formability, which is a characteristic of a resin
film-coated steel sheet. [0024]      With respect to a cationic urethane resin
contained in the cationic urethane resin emulsion (a-1), a polyol, a
isocyanate component, which are monomer components of the resin, and a
polymerization method are not particularly limited as long as the cationic
urethane resin contains at least one cationic functional group selected from
primary to tertiary amino groups and quaternary ammonium salt groups. Examples
of the cationic functional group include an amino group, a methylamino group,
an ethylamino group, a dimethylamino group, a diethylamino group, a
trimethylamino group, and a triethylamino group. However, the cationic
functional group is not limited as long as it is a primary, secondary, or
tertiary amino group, or a quaternary ammonium salt group and the performance
of the present invention is not impaired. [0025]       The type of nonionic
acrylic resin emulsion (a-2) is not particularly limited. Examples of the
nonionic acrylic resin emulsion (a-2) that may be used include acrylic resins
emulsified with nonionic emulsifiers, for example, aqueous emulsions each
prepared by emulsion polymerization of a  - 18 - vinyl monomer, such as
acrylic acid, methacrylic acid, acrylic ester, methacrylic ester, and styrene,
in water in the presence of a nonionic surfactant (emulsifier) having a
structure of polyethylene oxide or polypropylene oxide. [0026]      The
proportion of the solid (as) of the resin emulsion (a) containing the cationic
urethane resin emulsion (a-1) and/or nonionic urethane resin emulsion (a-2) is
in the range of 11% to 45% by mass and preferably 15% to 30% by mass with
respect to the total solid of the treatment liquid. A proportion of the resin
emulsion (a) of less than 11% by mass does not result in a zinc-based metal
coated steel sheet having excellent adhesion. A proportion exceeding 45% by
mass results in a reduction in corrosion resistance. [0027]      The surface
treatment liquid (A) contains the tetraalkoxysilane (b) together with the
resin emulsion (a). The formation of a surface treatment film on a zinc-based
metal coated steel sheet by the use of the surface treatment liquid containing
the tetraalkoxysilane (b) provides the zinc-based metal coated steel sheet
having excellent properties, such as corrosion resistance, adhesion of the
formed film, and corrosion resistance after alkaline degreasing, and having
excellent heat resistance and weldability, which are characteristics of an
inorganic film.  - 19 - Although the reason these excellent properties are
obtained is not clear, it is speculated that these excellent properties are
attributed to the fact that the use of the tetraalkoxysilane (b) in
combination with the resin emulsion (a) results in the formation of a film
having a three-dimensional cross-linked structure composed of the
tetraalkoxysilane (b) and the cationic urethane resin and/or the nonionic
urethane resin. [0028]      Examples of the tetraalkoxysilane (b) include, but
are not particularly limited to, tetrameLhoxysilane, tetraethoxysilane, and
tetrapropoxysilane. One or more thereof may be used. Among these,
tetraethoxysilane and tetramethoxysilane are preferred from the viewpoint of
providing better corrosion resistance of a zinc-based metal coated steel
sheet. [0029]       The surface treatment liquid (A) contains at least one
silane coupling agent (c) containing at least one reactive functional group
selected from an active hydrogen-containing amino group, an epoxy group, a
mercapto group, and a methacryloxy group, together with the resin emulsion (a)
and the tetraalkoxysilane (b). The formation of a surface treatment film on a
zinc-based metal coated steel sheet by the use of the surface treatment liquid
containing the  - 20 - silane coupling agent (c) provides the zinc-based metal
coated steel sheet having excellent properties, such as corrosion resistance
and corrosion resistance after alkaline degreasing. In particular, the surface
treatment film having excellent adhesion and scratch resistance is formed on a
surface of the zinc-based metal coated layer. [0030]      The type of at least
one silane coupling agent (c) containing at least one reactive functional
group selected from an active hydrogen-containing amino group, an epoxy group,
a mercapto group, and a methacryloxy group is not particularly limited. For
example, trialkoxysilanes each having three alkoxy groups and at least one
reactive functional group selected from an active hydrogen-containing amino
group, an epoxy group, a mercapto group, and a methacryloxy group are
preferred. At least one of these trialkoxysilanes is preferably used. Specific
examples of trialkoxysilanes that may be used include, but are not
particularly limited to, N-(aminoethy1)3- aminopropyltrimethoxysilane,
3-aminopropyltrimethoxysilane, 3-glycidoxypropyltrimothoxysilane, 3-
glycidoxypropylmethyldimethoxysilane, 2-
(3,4epoxycyclohexyl)ethyltriethoxysilane, vinyltriethoxysilane, and
3-mercaptopropyltrimethoxysilane. [0031]  - 21 - The proportion of at least
one silane coupling agent (c) selected from an active hydrogen-containing
amino group, an epoxy group, a mercapto group, and a methacryloxy group is in
the range of 1.51 to 5.35 and preferably 2.0 to 5.0 in terms of the ratio by
mass of the solid of the silane coupling agent (c) to the solid of the resin
emulsion (a), i.e., (cs/as),. A ratio by mass of less than 1.51 does not
result in a zinc-based metal coated steel sheet having excellent corrosion
resistance. A ratio by mass exceeding 5.35 results in a reduction in the
adhesion of the film_ [0032]       For the purpose of ensuring the shelf
stability (storage stability) of the surface treatment liquid, the surface
treatment liquid contains the chelating agent (d). It is speculated that the
reason desired shelf stability can be ensured is that the chelating agent (d)
has the effect of suppressing the polymerization of the tetraalkoxysilane (b)
in the surface treatment liquid. It is speculated that owing to the effect,
the quality of the surface treatment liquid at the time of preparation is
maintained without alteration even if the surface treatment liquid is stored
for an extended period of time after preparation. The chelating agent (d) is
needed to stably dissolve the vanadic acid compound (e) and the titanium
compound (f), which are described below, in the surface treatment liquid.  -
22 - Furthermore, the chelating agent (d) is less likely to etch a surface of
a zinc-based metal coated layer and does not form a nonconductive film
composed of, for example, zinc phosphate, as compared with inorganic acids,
such as nitric acid, phosphoric acid, sulfuric acid, and hydrofluoric acid. It
is thus speculated that a zinc-based metal coated steel sheet including a film
formed by the use of the surface treatment liquid containing the chelating
agent (d) has better conductivity. [0033]       Examples of the chelating
agent (d) include, but are not particularly limited to, hydroxycarboxylic
acids, such as acetic acid, tartaric acid, and malic acid, monocarboxylic
acids, polycarboxylic acids, such as clicarboxylic acids, e.g., oxalic acid,
malonic acid, succindc acid, citric acid, and adipic acid, and tricarboxylic
acids, aminocarboxylic acids, such as glycine, phosphonic acid, and
phosphonate. One or more of these chelating agents may be used. In particular,
a compound containing a carboxy group or a phosphonate group in its one
molecule is preferred in view of the shelf stability (storage stability) of
the surface treatment liquid and the corrosion resistance and conductivity of
the zinc-based metal coated steel sheet_ [0034]  23 -      The proportion of
the chelating agent (d) is in the range of 0.15 to 1_49 and preferably 0.17 to
1.30 in terms of the ratio by mass of the solid of the tetraalkoxysilane (b)
to the solid of the chelating agent (d), i.e., (bs/ds). In each of the cases
where a ratio by mass of less than 0.15 and where a ratio by mass of more than
1.49, a zinc-based metal coated steel sheet having excellent corrosion
resistance is not provided. [0035]      The surface treatment liquid (A) for a
zinc-based metal coated steel sheet used in the present invention contains the
vanadic acid compound (e). The vanadic acid compound (e) is uniformly
dispersed in a film formed on a surface of a zinc-based metal coated steel
sheet in a state such that the compound dissolves easily in water, and
provides what is called an inhibitor effect at the time of corrosion of zinc.
Examples of the vanadic acid compound (e) include ammonium metavanadate,
sodium metavanadate, and vanadium acetylacetonate. One or more of them may be
used. [0036]      The proportion of the vanadic acid compound (e) is in the
range of 0.03 to 0.23 and preferably 0.04 to 0.20 when expressed in the ratio
of the mass (ev) of the vanadic acid. compound (e) in terms of V to the mass
of the solid (ds) of the chelating agent (d), i.e., (ev/ds). A ratio by mass
of  24 - 



less than 0.03 does not result in a zinc-based metal coated steel sheet having
excellent corrosion resistance. A ratio by mass exceeding 0.23 makes it
difficult to dissolve the vanadic acid compound (e) in the surface treatment
liquid. [0037]      The surface treatment liquid (A) contains the titanium
compound (f). In a film formed on a surface of a zinc-based metal coated steel
sheet, the titanium compound (f) is effective in imparting excellent corrosion
resistance to the zinc-based metal coated steel sheet (in particular, a
processed portion). Examples of the titanium compound (f) include titanyl
sulfate, titanyl nitrate, titanium nitrate, titanyl chloride, titanium
chloride, titania sols, titanium oxide, potassium titanate oxalate,
fluorotitanic acid, ammonium fluorotitanate, titanium lactate, titanium
tetraisopropoxide, titanium acetylacetonate, and diisopropyltitanium
bis(acetylacetonate). Further examples thereof include metatitanic acid
prepared by thermal hydrolysis of an aqueous solution of titanyl sulfate,
orthotitanic acid prepared by alkali neutralization of an aqueous solution of
titanyl sulfate, and salts thereof. [0038]      The proportion of the titanium
compound (f) is in the range of 0.02 to 0.19 and preferably 0.03 to 0.15 when
expressed in the ratio of the mass (fT) of the titanium  - 25 - compound (f)
in terms of Ti to the mass of the solid (ds) of the chelating agent (d), i.e.,
(fT/ds). A ratio by mass of less than 0.02 does not result in a zinc-based
metal coated steel sheet having excellent corrosion resistance. A ratio by
mass exceeding 0.19 makes it difficult to dissolve the titanium compound (f)
in the surface treatment liquid. [0039]      The surface treatment liquid (A)
for a steel sheet is required to have a pH of 3 to 6 and preferably 4 to 5. A
pH of the surface treatment liquid of less than 3 results in a reduction in
the shelf stability (storage stability) of the surface treatment liquid and
causes significant etching of zinc, thereby reducing the corrosion resistance
and conductivity of a zinc-based metal coated steel sheet. A pH exceeding 6
results in a reduction in the adhesion of a film formed on a surface of a
zinc-based metal coated steel sheet. In the present invention, in the case of
using an alkali to adjust the pH, ammonium, amine, an amine derivative, or
amino polycarboxylic acid is preferred. In the case of using an acid, one
selected from chelating agents (d) described above is preferred. In
particular, in the case where the pH is adjusted with an inorganic acid, for
example, nitric acid, phosphoric acid, sulfuric acid, or hydrofluoric acid,
the amount of the acid added is, at most, less than 4% by mass with respect to
the total solid of the surface  - 26 - treatment liquid because of a reduction
in the conductivity of a zinc-based metal coated steel sheet. [004.0]
Note that, for example, a surfactant, called a wettability improver, used to
form a uniform film on a surface to be coated, a thickener, a conductive
material used to improve conductivity, a color pigment used to improve design,
and a solvent used for improving film formability, may be appropriately added
to the surface treatment liquid (A), as needed. [0041]      The surface
treatment liquid (A) is prepared by mixing the foregoing components in, for
example, deionized water or distilled water. The solid content of the surface
treatment liquid may be appropriately selected. Furthermore, a water-soluble
solvent, for example, alcohol, ketone, or cellosoive, a surfactant, an
antifoaming agent, a leveling agent, antibacterial and antifungal agents, and
a coloring agent may be added to the surface treatment liquid, as needed. The
addition thereof improves drying properties of the surface treatment liquid,
the appearance of a coating, workability, shelf stability (storage stability),
and design. However, it is important to add the additives to the extent that
the quality obtained in the present invention is not impaired. The amount
added is, at most, less than 5% by  - 27 - mass with respect to the total
solid of the surface treatment liquid. (Formation of First Layer) [0042]
As described above, in the present invention, the predetermined surface
treatment liquid (A) is applied to a surface of a zinc-based metal coated
layer of a zinc-based metal coated steel sheet and dried by heating to form
the first layer. Examples of a method for applying the surface treatment
liquid (A) to the zinc-based metal coated steel sheet include a roll coating
method, a bar coating method, an immersion method, and a spray coating method.
An optimum method is selected, depending on, for example, the shape of a
zinc-based metal coated steel sheet to be treated. More specifically, for
example, if a zinc-based metal coated steel sheet to be treated has a sheet
shape, the surface treatment liquid is applied by a roll coating method or a
bar coating method or is sprayed on a zinc-based metal coated steel sheet, and
then the coating weight is adjusted with squeeze rolls or by blowing a gas
thereto at high pressure. If a zinc-based metal coated steel sheet is formed
into a formed article, for example, a method is selected in which the article
is immersed in the surface treatment liquid and withdrawn therefrom, and in
some cases, an excess of the surface treatment liquid is blown off with  - 28
- compressed air to adjust the coating weight. [0043]      Before applying the
surface treatment. liquid (A) to a zinc-based metal coated steel sheet, the
zinc-based metal coated steel sheet may be subjected to a pretreatment to
remove oil and dirt on a surface of a coated layer of the zinc-based metal
coated steel sheet, as needed. Zinc-based metal coated steel sheets are often
coated with rust preventive oil to prevent the formation of rust. Even if they
are coated with rust preventive oil, oil, dirt, and so forth attached during
processing are present. These applied oil, oil, and dirt inhibit the
wettability of the surface of the zinc coated layer and create difficulties in
forming the uniform first layer. So, the foregoing pretreatment is performed
to clean the surface of the zinc-based metal coated layer, the clean surface
being likely to be uniformly wetted. In the case where there is no oil or dirt
on the surface of the zinc-based metal coated steel sheet and where the
surface is uniformly wetted with the surface treatment liquid (A), a
pretreatment step is not particularly required. Examples of a method for
performing the pretreatment include, but are not particularly limited to,
hot-water washing, solvent cleaning, and alkaline cleaning. [0044] A heating
temperature (maximum sheet temperature) when  - 29 - the surface treatment
liquid (A) applied on a surface of a zinc-based metal coated layer is dried by
heating is usually in the range of 60C to 200C and preferably 80C to 180C. A
heating temperature of 60C or higher does not cause a problem, such as a
reduction in the corrosion resistance of the zinc-based metal coated steel
sheet, because water serving as a main solvent is not left in the film. A
heating temperature of 200C or lower does not cause the problem because the
occurrence of cracking of the film is suppressed.      An appropriately
optimized heating time is selected, depending on, for example, the type of
zinc-based metal coated steel sheet used. The heating time is preferably in
the range of 0.1 to 60 seconds and more preferably 1 to 30 seconds in view of,
for example, productivity. [0045]       The first layer is preferably formed
so as to have a thickness of 0.01 to 1.0 pm after drying by heating. At a
thickness of 0.01 pm or more, there is no concern about lack of corrosion
resistance. A thickness of 1.0 ym or less does not lead to a reduction in the
conductivity of the zinc-based metal coated steel sheet. Note that the
thickness is more preferably in the range of 0.05 to 0.5 pm. [0046] The
resulting first layer has excellent heat resistance,  - 30 - weldability, and
adhesion. In the present invention, the formation of the first layer on a
surface of a zinc coated layer of a zinc-based metal coated steel sheet
provides a zinc-based metal coated steel sheet having desired conductivity
without reducing corrosion resistance. Although the reason for this is not
clear, it is speculated that the properties are attributed to the following
effects. [0047]      In the present invention, the resin emulsion (a)
containing the cationic urethane resin emulsion (a-1) and/or the nonionic
acrylic resin emulsion (a-2), the tetraalkoxysilane (b), and the silane
coupling agent (c) in the components of the first layer constitute the
skeleton of the film formed on a surface of a zinc-based metal coated layer of
a zinc-based metal coated steel sheet. When a film containing the resin
emulsion (a) that contains emulsion (al) and/or the nonionic acrylic resin
emulsion (a-2) is once dried, the film does not dissolve in water again and
serves as a barrier, thus providing the zinc-based metal coated steel sheet
having excellent properties, such as corrosion resistance, adhesion of the
film, and corrosion resistance after alkaline degreasing, and having excellent
formability, which is a characteristic of a resin film. [0048] It is
speculated that the dense film is formed because 



- 31 - the incorporation of the tetraalkoxysilane (b) causes a silanol group
derived from the alkoxy group of the tetraalkoxysilane (b) and the cationic
urethane resin and/or nonionic urethane resin emulsion (a) to be
three-dimensionally cross-linked. It is also speculated that the incorporation
of the silane coupling agent (c) causes a cross-linking reaction with a
silanol group of the tetraalkoxysilane (b), thereby increasing the bonding
strength of the film. [0049]       Among the components in the first layer,
the vanadic acid compound (e) and the titanium compound (f) are uniformly
dispersed in the film in states such that these compounds dissolve easily in
water, and provide what is called an inhibitor effect at the time of corrosion
of zinc. That is, it is speculated that the vanadic acid compound (e) and the
titanium compound (f) are partially ionized under a corrosive environment and
passivated to inhibit the corrosion of zinc itself. In particular, it is
speculated that even in the case where a zinc-based metal coated steel sheet
is formed into a desired shape and where defects occur in the film at a
processed portion, the titanium compound  (f) is preferentially eluted in the
defective portion of the film to inhibit the corrosion of zinc. [0050]  - 32 -
It is speculated that among the components in the first layer, the chelating
agent (d) has the effects of suppressing the polymerization of the
tetraalkoxysilane (b) in the surface treatment layer and stably dissolving the
vanadic acid compound (e) and the titanium compound (f) in the surface
treatment liquid (A). Furthermore, it is speculated that in the case where the
film is formed by heating and drying, a carboxy group or phosphonate group of
the chelating agent (d) serves as a cross-linking agent that is cross-linked
with the skeletal components of the film to form the dense film skeleton
without forming an insulating film (nonconductive film), such as zinc
phosphate, thus contributing to improvement in conductivity. [0051]       That
is, the first layer according to the present invention has high corrosion
resistance despite the small thickness of the film composed of the cationic
urethane resin emulsion and/or nonionic urethane resin emulsion,
tetraalkoxysilane, and the silane coupling agent. Furthermore, it is
speculated that the incorporation of the corrosion inhibitors, i.e., the
chelating agent, the vanadic acid compound, and the titanium compound, in the
film makes it possible to maintain excellent conductivity even when the steel
sheet is in contact with, for example, a gasket at a low pressure.  - 33 -
[0052] <Second Layer>      The first layer imparts satisfactory corrosion
resistance to a zinc-based metal coated steel sheet. However, the first layer
is a complex oxide film (inorganic film); hence, in the case where
countermeasures are taken against the corrosion of a zinc-based metal coated
steel sheet, the effect of the first layer is inferior to an organic resin
film. In some applications, it is assumed that it is difficult to satisfy
required corrosion resistance. So, in the present invention, a surface
treatment liquid (13) is applied to a surface of the first layer and dried by
heating to form a second layer. The second layer resulting from surface
treatment liquid (B) is an organic resin layer. In the present invention, the
second layer plays a role in protecting the first layer and reinforcing the
corrosion resistance (chemical resistance, galling resistance, fingerprint
resistance, design, and so forth) of the zinc-based metal coated steel sheet.
The steel sheet is formed so as to have a thickness such that the
conductivity. of the zinc-based metal coated steel sheet is not impaired.
Therefore, the present invention provides a practical zinc-based metal coated
steel sheet which has a good balance between conductivity and corrosion
resistance and which is usable as a material for,  - 34 - for example, a
shield box. [0053] (Surface Treatment Liquid (B))       The surface treatment
liquid (B) contains an organic resin (g) as a main component. Any organic
resins may be used as an organic resin (g). Examples thereof include, but are
not limited to, epoxy resins, modified epoxy resins, urethane resins, alkyd
resins, acrylic resins, ethylene resins (polyolefin resins), polyester resins,
polybutadieno resins, amino resins, phenolic resins, fluorocarbon resins, and
silicon resins. The proportion of the organic resin (a) in the surface
treatment liquid (B) is in the range of about 50% to 90% by mass in terms of
the solid content. In this range, the role of the second layer can be
achieved. [0054]       As described above, an organic resin film is more
effective in imparting corrosion resistance to a zinc-based metal coated steel
sheet than a complex oxide film (inorganic film). So, in the present
invention, despite the type of organic resin (q) contained in the surface
treatment liquid (B), the second layer is formed in order to protect the first
layer and reinforce the corrosion resistance of a zinc-based metal coated
steel sheet.       Here, when an organic resin (q-1) containing an OH group
and/or a COOH group or a hydrazine-modified organic  - 35 - resin (g-2)
described below is used as the organic resin (g) contained in the surface
treatment liquid (B), it is possible to further improve the film. [00551
(Organic Resin (g-1) Containing OH Group and/or COOH. Group)      In the
present invention, the use of the surface treatment liquid. (B) that contains
the organic resin (g-1) containing an OH group and/or a COOH group results in
a zinc-based metal coated steel sheet having excellent adhesion between the
first layer and the second layer and having better corrosion resistance.
Examples of the organic resin (g-1) containing an OH group and/or a COOH
group. include (g-11) an epoxy resin, (g12) a modified epoxy resin, (g-1.3) a
polyhydroxy polyether resin, (g-14) a urethane resin, (g-15) an alkyd resin,
(g16) an acrylic resin, (g-17) am ethylene copolymer, (q-18) acrylic silicon
resin, and (g-19) a fluorocarbon resin copolymer, which are described below.
[0056] (g-11) Epoxy Resin       Examples of the epoxy resin that may be used
include an epoxy resin in which, for example, bisphenol A, bisphenol F, or
novolac is formed into a glycidyl ether; an epoxy resin in which bisphenci A
is subjected to addition of propylene oxide, ethylene oxide, or polyalkylene
glycol to form a  - 36 - glycidyl ether; aliphatic epoxy resins, alicyclic
epoxy resins; and polyether-based epoxy resins. In the case where the surface
treatment liquid (B) containing the epoxy resin is dried by heating to form
the second layer, in particular, when the film is needed to be formed in a
low-temperatures range, an epoxy resin having a number-average molecular
weight of 1500 or more is preferred. These epoxy resins described above may be
used separately or in combination as a mixture of different types. [0057]
(g-12) Modified Epoxy Resin       Examples of the modified epoxy resin include
resins prepared by allowing epoxy groups or hydroxy groups in the epoxy resins
described above to react with various modifiers. Specific examples thereof
include epoxy ester resins prepared by allowing epoxy groups or hydroxy groups
described above to react with carboxy groups in drying oil fatty acids; epoxy
acrylate resins prepared by allowing epoxy groups or hydroxy groups described
above to react with acrylic acid or methacrylic acid; urethane-modified epoxy
resins prepared by allowing epoxy groups or hydroxy groups described above to
react with isocyanate compounds; and amine-added urethane-modified epoxy
resins prepared by addition of alkanolamines to urethane-modified epoxy resins
resulting from the reaction of epoxy resins with isocyanate  - 37 - compounds.
[0058] 



(g-13) Polyhydroxy Polyether Resin      The polyhydroxy polyether resin is a
polymer prepared by polycondensation of a mononuclear or binuclear dihydric
phenol, or a mixture of mononuclear and binuclear dihydric phenols with a
substantially equimolar amount of epihalohydrin in the presence of an alkaline
catalyst. Typical examples of the mononuclear dihydric phenol include
resorcin, hydroquinone, and catechol. A typical example of the binuclear
phenol is bisphenol A. Those may be used separately or in combination or two
or more. [0059] (g-14) Urethane Resin      Examples of the urethane resin
include oil-modified polyurethane resins, alkyd polyurethane resins, polyester
urethane resins, polyether urethane resins, and polycarbonate polyurethane
resins. [0060] (g-15) Alkyd Resin      Examples of the alkyd resin include
oil-modified alkyd resins, rosin-modified alkyd resins, phenol-modified alkyd
resins, styrene-alkyd resins, silicon-modified alkyd resins, oil-free alkyd
resins, and high-molecular-weight oil-free alkyd resins.  - 38 - [0061] (g-16)
Acrylic resin       Examples of the acrylic resin include polyacrylic acid and
copolymers thereof, polyacrylate and copolymers thereof, polymethacrylic acid
and copolymers thereof, polymethacrylate and copolymers. thereof,
urethane-acrylic acid copolymers (or urethane-modified acrylic resins), and
styrene-acrylic acid copolymers. Furthermore, resins prepared by modification
of these resins with, for example, other alkyd resins, epoxy resins, and
phenolic resins may be used. [0062] (g-17) Ethylene Copolymer      Examples of
the ethylene copolymer include ethylene copolymers, such as ethylene-acrylic
acid copolymers, ethylene-methacrylic acid copolymers, and carboxy-modified
polyolefin resins, ethylene-unsaturated carboxylic acid copolymers, ethylene
ionomers. [0063] (g-18) Acrylic Silicon Resin      An example of the acrylic
silicon resin is a resin which contains an acrylic copolymer, serving as a
main component, having a hydrolyzable alkoxysilyl group in its side chain or
at its end, and a curing agent. The use of such an acrylic silicon resin
should provide excellent  weatherability. [0064] (g-19) Fluorocarbon Resin
Copolymer      Examples of the fluorocarbon resin copolymer include
fluoroolefin copolymers. An example of fluoroolefin copolymers is a copolymer
prepared by copolymerization of a fluorocarbon monomer (fluoroolefin) with,
for example, alkyl vinyl ether, cycloalkyl vinyl ether, carboxylic
acid-modified vinyl ester, hydroxyalkyl allyl ether, or tetrafluoropropyl
vinyl ether, which serve as a monomer. The use of the fluorocarbon resin
copolymer should provide excellent weatherability and hydrophobicity. [0065]
As the organic resin (g-1) of the present invention, thermosetting resins are
preferred. Among these resins, thermosetting epoxy resins and modified epoxy
resins having excellent barrier properties against corrosive factor, such as
oxygen, are optimal. In the case where the second layer is formed by the use
of the surface treatment liquid (B) containing the organic resin (g-1), it is
possible to provide a zinc-based metal coated steel sheet having desired
corrosion resistance even at a small thickness of the film. So, it is
particularly advantageous when importance is attached to the conductivity and
spot weldability of a zinc-based metal coated steel sheet to suppress the
coating  - 40 - weight of the film to a low level. 10066]     From the
viewpoint of corrosion resistance, formability, and paintability, among the
organic resins (g-1) described above, (g-11) the epoxy resin, (g-12) a
modified epoxy resin, and (g-17) an ethylene copolymer are preferred. In
particular, thermosetting epoxy resins and modified epoxy resins having
excellent barrier properties against corrosive factor, such as oxygen, are
particularly preferred. Examples of these thermosetting resins include
thermosetting epoxy resins, thermosetting modified epoxy resins, acrylic
copolymer resins copolymerized with epoxy group-containing monomers, epoxy
group-containing polybutadiene resins, epoxy group-containing polyurethane
resins, and adducts and condensates of these resin. These epoxy
group-containing resins may be used separately or in combination as a mixture
of two or more. [0067]      In addition to (g-11) to (g-19), for example, a
polybuladiene resin, a phenolic resin, a polyamine resin, or polyphenylene
resin may be used as the organic resin (g) of the present invention.
Furthermore, a mixture of two or more or an addition polymer of these resins
described above may be used. [0068]  - 41 -      A core-shell
water-dispersible resin in which the core and the shell of each particle of
the resin are composed of different resin components or resin components
having different glass transition temperatures may be used in order to reduce
the heat-drying temperature of the resin.      A water-dispersible resin
having self-crosslinking properties, for example, containing afloxysilane
groups may be used. In this case, it is possible to use interparticle
cross-linking by means of the formation of silanol groups by the hydrolysis of
alkoxysilane and a dehydration condensation reaction of the silanol groups
between resin particles during the drying of the resin by heating.
Furthermore, organic composite silicate in which an organic resin is combined
with silica using a silane coupling agent is preferred as the organic resin
(g) of the present invention. [0069]       As described above, for the purpose
of improving the corrosion resistance and formability of the second layer, in
particular, a thermosetting resin is preferably used as the organic resin
(g-1). In this case, an amino resin, e.g., a urea resin (for example,
butylated urea resin), a melamine resin (butylated melamine resin), a
butylated urea-melamine resin, or a benzoguanamine resin, and a curing agent,
e.g., a blocked isocyanate, an oxazoline compound, or a phenolic  



- 42 - resin, may be incorporated in the organic resin (g-1). [0070]      The
formation of the second layer from surface treatment liquid (B) containing the
organic resin (g-1) described above results in improvement in adhesion between
the first layer and the second layer, thereby providing a zinc-based metal
coated steel sheet having better corrosion resistance. Although the reason the
effects are provided is not clear, it is speculated that the organic resin
(g-1) containing an OH group and/or a COOH group (preferably a thermosetting
resin and more preferably an epoxy resin and/or a modified epoxy resin) is
reacted with a curing agent (cross-linking agent) to form a dense barrier film
having the excellent ability to inhibit permeation of a corrosive factor, such
as oxygen. It is also speculated that the barrier film contributes
significantly to improvement in adhesion between the first layer and the
second layer because an OH group or a COOH group in its molecule is tightly
bonded to an alkoxysilane or an epoxy group-containing compound in the first
layer. [0071] (Hydrazine-Modified Organic Resin (G-2))       In the present
invention, the use of the surface treatment liquid (B) containing the
hydrazine-modified organic resin (g-2) prepared by reaction with an active  -
43 - hydrogen-containing compound (i) composed of a hydrazine derivative (h)
in which some or all of compounds contain active hydrogen makes it possible to
provide a zinc-based metal coated steel sheet having significantly
satisfactory corrosion resistance while a reduction in conductivity is
minimized. [0072]      The hydrazine-modified organic resin (g-2) is formed by
the reaction of a predetermined organic resin (C) and the active
hydrogen-containing compound (i) composed of the hydrazine derivative (h) in
which some or all of compounds contain active hydrogen. Any resin may be used
as the organic resin (C) without particular limitation as long as it can react
with the active hydrogen-containing compound (i) composed of the hydrazine
derivative (h) to establish a bond between the organic resin and the active
hydrogen- containing compound (i) by addition or condensation reaction and as
long as it appropriately forms a film. Examples of the organic resin (C)
include epoxy resins, modified epoxy resins, polyurethane resins, polyester
resins, alkyd resins, acrylic copolymer resins, polybutadiene resins, phenolic
resins, and adducts and condensates of these resins. These resins may be used
separately or in combination as a mixture of two or more. [0073]  - 44 -
As the organic resin (C), an epoxy group-containing resin (Cl) that contains
an epoxy group in the resin is particularly preferred in view of, for example,
reactivity, ease of reaction, and corrosion resistance. Examples of the epoxy
group-containing resin (Cl) include an epoxy resin (01-1), a modified epoxy
resin (C1-2), an acrylic copolymer resin (01-3) prepared by, for example,
copolymerization with an epoxy group-containing monomer, epoxy
group-containing polybutadiene resins, epoxy group-containing polyurethane
resins, and adducts and condensates of these resins. These epoxy
group-containing resins may be used separately or in combination as a mixture
or two or more_ [0074]      Among these resins serving as the epoxy
group-containing resin (Cl), the epoxy resin (C1-1) and the modified epoxy
resin (01-2) are particularly preferred in view of adhesion to a surface of
the first layer (composite oxide film) and corrosion resistance. Among these
resins, thermosetting epoxy resins and modified epoxy resins, which have
excellent barrier properties against a corrosive factor, such as oxygen, are
optimal. The second layer is formed by use of the surface treatment liquid (B)
containing the hydrazine-modified organic resin (g-2) prepared by reaction of
the epoxy group-containing resin (C1) described above and the active
hydrogen-containing compound (i) composed of the  - 45 - hydrazine derivative
(h) in which some or all of compounds contain active hydrogen, thereby
providing a zinc-based metal coated steel sheet having significantly
satisfactory corrosion resistance even at a small thickness of the film. So,
it is particularly advantageous when importance is attached to the
conductivity and spot weldability of a zinc-based metal coated steel sheet to
suppress the coating weight of the film to a low level. [0075]      Examples
of the epoxy resin (C1-1) include aromatic epoxy resins prepared by reaction
of polyphenol, such as bisphenol A, bisphonol F, and novolac phenols, with
epihalohydrin, such as epichlorohydrin, to introduce glycidyl groups, or
reaction of the resulting glycidyl group-containing products with polyphenois
to increase the molecular weight; aliphatic epoxy resins; and alicyclic epoxy
resins. These resins may be used separately or in combination as a mixture of
two or more. In the case where the surface treatment liquid (B) containing the
hydrazine-modified organic resin (g-2) prepared by reaction of the epoxy resin
(01-1) and the active hydrogen-containing compound (i) composed of the
hydrazine derivative (h) in which some or all of compounds contain active
hydrogen, is dried by heating to form the second layer, in particular, when
the film needs to be formed at a low temperature, the  - 46 - epoxy resin
(C1-1) having a number-average molecular weight of 1500 or more is preferred.
[0076] A resin having a chemical structure represented by formula (1) and
being prepared by a reaction product of bisphenol A and epihalohydrin is
particularly preferred as the epoxy resin (C1-1) described above. The epoxy
resin is particularly preferred because of its excellent corrosion resistance.
[Chem. 1]  /0\ 01-12-CH-CH2-(0--  CH30 1\ 0-CH2-CH --CH2Cl) -1 CH3      0- 5
0)      A method for producing such a bisphenol A-type epoxy resin is widely
known in the art. In the chemical structure, q represents 0 to 50, preferably
1 to 40, and more preferably 2 to 20. [0077] Examples of the modified epoxy
resin (C1-2) described 



- 47 - above include resins prepared by prepared by allowing epoxy groups or
hydroxy groups in the epoxy resin (C1-1) described above to react with various
modifiers. Specific examples thereof include epoxy ester resins prepared by
reaction with drying oil fatty acids; epoxy acrylate resins prepared by
modification with polymerizable unsaturated monomer components containing, for
example, acrylic acid or methacrylic acid; and urethane-modified epoxy resins
prepared by reaction with isocyanate compounds. [0078]       An example of the
acrylic copolymer resin (C1-3) prepared by copolymerization with the epoxy
group-containing monomer is a resin prepared by, for example, aqueous
polymerization, emulsion polymerization, or suspension polymerization of an
epoxy group-containing unsaturated monomer and a polymerizable unsaturated
monomer component essentially containing acrylate or methacrylate.
Examples of the polymerizable unsaturated monomer component include Cl to 024
alkyl esters of acrylic acid and methacrylic acid, such as methyl
(meth)acrylate, ethyl (meth)acrylate, propyl (meth)acrylate, n-, iso-, and
tertbutyl (meth)acrylate, hexyl (meth)acrylate, 2-ethylhexyl (meth)acrylate,
decyl (meth)acrylate, and lauryl (meth)acrylate; Cl to C4 alkyl ether
compounds of acrylic acid, methacrylic acid, styrene, vinyitoluene,
acrylamide,  - 48 - acrylonitrile, N-methylol(meth)acrylamide, and
Nmethylol(meth)acrylamine; and N,N-diethylaminoethyl methacrylate.      Any
monomer containing an epoxy group and a polymerizable unsaturated group, for
example, glycidyl methacrylate, glycidyl acrylate, or 3,4-
epoxycyclohexylmethyl (meth)acrylate may be used as the epoxy group-containing
unsaturated monomer without particular limitation. Furthermore, the acrylic
copolymer resin (01-3) prepared by copolymerization with the epoxy
group-containing monomer may be a resin modified with, for example, a
polyester resin, an epoxy resin, or a phenolic resin.       The organic resin
(C) may be soluble in an organic solvent, dispersible in an organic solvent,
soluble in water, or dispersible in water. [0079]       The hydrazine-modified
organic resin (g-2) of the present invention aims to incorporate the hydrazine
derivative (h) into the molecule of the organic resin (C) described above. So,
at least part (preferably, the whole) of the active hydrogen-containing
compound (i) needs to be the hydrazine derivative (h) containing active
hydrogen.      In the case where the organic resin (C) is the epoxy
group-containing resin (Cl), the following compounds may be  - 49 -
exemplified as the active hydrogen-containing compound (i) that reacts with
the epoxy group. One or two or more of these compounds may be used. Also in
this case, at least part (preferably, the whole) of the active
hydrogen-containing compound (i) needs to be the hydrazine derivative (h)
containing active hydrogen.  a hydrazine derivative (ii) containing active
hydrogen - a primary or secondary amine compound (i2) containing active
hydrogen . ammonia and organic acid (i3), such as carboxylic acid  hydrogen
halide (i4), such as hydrogen chloride  alcohol and thiol (i5)  - an active
hydrogen-free hydrazine derivative, and a quaternary chlorinating agent (i6)
that is a mixture of a tertiary amine and an acid [0080]      Examples of the
hydrazine derivative (h) containing active hydrogen include:  (1) hydrazide
compounds, such as carbohydrazide, proplonic acid hydrazide, salicylic acid
hydrazide, adipic acid dihydrazide, sebacic acid dlhydrazide, dodecanedioic
acid dihydrazide, isophthalic acid dihydrazide, thiocarbohydrazide,
4,4'-oxybisbenzenesulfonylhydrazide, benzophenonehydrazone, and
N-aminopolyacrylamide;  (2) pyrazole compounds, such as pyrazole, 3,5-  - 50 -
dimethylpyrazole, 3-methy1-5-pyrazolone, and 3-amino-5- methylpyrazole;  (3)
triazole compounds, such as 1,2,4-triazole, 3-amino1,2,4-triazole,
4-amino-1,2,4-triazole, 3-mercapto-1,2,4- triazole,
3-amino-5-mercapto-1,2,4-triazole, 2,3-dihydro-3- oxo-1,2,4-triazole,
1H-benzotriazole, 1-hydroxybenzotriazole (monohydrate),
6-methyl-8-hydroxytriazolopyridazine, 6- pheny1-8-hydroxytriazolopyridazine,
and 5-hydroxy-7-methy1- 1,3,8-triazaindolizine;  (4) tetrazole compounds, such
as 5-phenyl-1,2,3,4-tetrazol and 5-meroapto-1-phenyl-1,2,3,4-tetrazol;  (5)
thiadiazole compounds, such as 2-amino-5-mercapto-1,3,4- thiadiazole and
2,5-dimercapto-1,3,4-thiadiazole; and  (6) pyridazine compounds, such as
maleic acid hydrazide, 6- methy1-3-pyridazone, 4,5-dichloro-3-pyridazone,
4,5-dibromo3-pyridazone, and 6-methyl-4,5-dihydro-3-pyridazone.      Among
these compounds, pyrazole compounds and triazole compounds each having- a
five- or six-membered ring structure and containing a nitrogen atom in its
ring structure are particularly preferred.       These hydrazine derivatives
(h) may be used separately or in combination as a mixture of two or more.
[0081] Typical examples of the active hydrogen-containing amine compound (i2)
that may be used as part of the active  - 51 - hydrogen-containing compound
(i) include:  (1) compounds of aldimine, ketimine, oxazoline, or imidazoline
prepared by reaction of a primary amino group of an amine compound containing
one secondary amino group and one or more primary amino groups, for example,
diethylenetriamine, hydroxyethylaminoethylamine, ethylaminoethylamine, or
methylaminopropylamine, with ketone, aldehyde, or carboxylic acid at, for
example, about 100C to about 230C;  (2) secondary monoamines, such as
diethylamine, diethanolamine, di-n- or di-i-propanolamine,
Nmethylethanolamine, and N-ethylethanolamine;  (3) secondary amine-containing
compounds prepared by Michael addition reaction of monoalkanolamine, such as
monoethanolamine, and dialkyl(metn)acrylamide; and 



(4) compounds prepared by modifying a primary amino group of alkanolamine, for
example, monoethanblamine, neopentanolamine, 2-aminopropanol, 3-aminopropanol,
or 2- hydroxy-2'(aminopropoxy)ethyl ether into ketimine. [0082]      Examples
of the organic acid (i3) that may be used as part of the active
hydrogen-containing compound (i) include formic acid, acetic acid, propionic
acid, butyric acid, caproic acid, laurio acid, palmitic acid, stearic acid,
oleic acid, linolenic acid, oxalic acid, malonic acid,  - 52 - succinic acid,
glutaric acid, benzoic acid, phthalic acid, gallic acid, terephthalic acid,
isophthalic acid, salicylic acid, lactic acid, citric acid, maleic acid, and
adipic acid. [0083] Examples of the hydrogen halide (i4) that may be used as
part of the active hydrogen-containing compound (i) include hydrogen fluoride,
hydrogen bromide, and hydrogen iodide, [0084]      Examples of the alcohol and
thiol (i5) that may be used as part of the active hydrogen-containing compound
(i) include methanol, ethanol, propanol, propan-2-ol, butanol, phenylmethanol,
propane-1,2-diol, ethanethiol, butane-2,3- dithiol, and 3-mercapto-2-butanol.
[0085]      The quaternary chlorinating agent (i6) that may be used as part of
the active hydrogen-containing compound (i) is composed of a mixture of an
acid and an active hydrogen-free hydrazine derivative or a tertiary amine in
order to permit the active hydrogen-free hydrazine derivative or the tertiary
amine, which does not have reactivity to an epoxy group, to react with an
epoxy group. The quaternary chlorinating agent reacts with an epoxy group in
the presence of water to form an epoxy group-containing organic resin and a
quaternary salt, as needed. As the acid used to  - 53 - prepare the quaternary
chlorinating agent, any of acids, such as organic acids, e.g., acetic acid and
lactic acid, and inorganic acids, e.g., hydrochloric acid, may be used. An
example of the active hydrogen-free hydrazine derivative used to prepare the
quaternary chlorinating agent is 3,6- dichloropyridazine. Examples of the
tertiary amine include dimethylethanolamine, triethylamine, trimethylamine,
triisopropylamine, and methyldiethanolamine. [0086]       The
hydrazine-modified organic resin (g-2) prepared by reaction of the organic
resin (C) and the active hydrogen-containing. compound (i) composed of the
hydrazine derivative (h) in which some or all of compounds contain active
hydrogen is formed by reaction of the organic resin (C) and the active
hydrogen-containing compound (i) at 10C to 300C and preferably 50C to 150C for
about 1 to about 8 hours. The reaction may be performed after addition of an
organic solvent. The type of organic solvent used is not particularly limited.
Examples thereof include ketones, such as acetone, methyl ethyl ketone, methyl
isobutyl ketone, dibutyl ketone, and cyclohexanone; alcohols and ethers
containing hydroxy groups, such as ethanol, butanol, 2- ethylhexyl alcohol,
benzyl alcohol, ethylene glycol, ethylene glycol monoisopropyl ether, ethylene
glycol mono-nbutyl ether, ethylene glycol monohexyl ether, propylene  - 59 -
glycol, propylene glycol monomethyl ether, diethylene glycol, diethylene
glycol monoethyl ether, and dietnylene glycol mono-n-butyl ether; esters, such
as ethyl acetate, butyl acetate, and ethylene glycol mono-n-butyl ether
acetate; and aromatic hydrocarbons, such as toluene and xylene. One or two or
more of these compounds may be used. Among these compounds, a ketone or ether
solvent is particularly preferred in view of solubility in an epoxy resin and
film formability. [0087]      The proportion of the active hydrogen-containing
compound (i) composed of the hydrazine derivative (h) in which some or all of
compounds contain active hydrogen is in the range of 0.5 to 20 parts by mass
and particularly. preferably 1.0 to 10 parts by mass with respect to 100 parts
by mass of the organic resit (C) in terms of the solid content. In the case
where the organic resin (C) is the epoxy group-containing resin (C1), with
respect to the mixing ratio of the epoxy group containingresin (Cl) to the
active hydrogen-containing compound (i), the ratio of the number of active
hydrogen groups of the active hydrogen. containing compound (i) to the number
of epoxy groups of the epoxy group ..containingresin (Cl), i.e., [number of
active hydrogen groups/number of epoxy groups], is appropriately set in the
range of 0.01 to 10, more preferably 0.1 to 8,  - 55 - and still more
preferably 0.2 to 4 in view of corrosion resistance. [0088] The proportion of
the hydrazine derivative (h) containing in the active hydrogen-containing
compound (i) is preferably in the range of 10% to 100% by mole, more
preferably 30% to 100% by mole, and still more preferably 40% to 100% by mole.
A proportion of the hydrazine derivative (Ii) containing active hydrogen of
less than 10% by mole fails to impart sufficient anticorrosive properties to
the second layer (organic resin film). So, the resulting rust-inhibiting
effect is not much different from that in the case where a simple mixture of a
film-forming organic resin and a hydrazine derivative is used. [0089]
The possible anti.corrosion mechanism of the second layer (organic resin film)
described above is as follows.       That is, the hydrazine derivative (h)
containing active hydrogen is added to the organic resin. (C), so that a
hydrazine derivative is incorporated into a molecule of the organic resin (C).
(1) The dense organic resin film_ (second layer) is formed and provides the
effect of blocking corrosive factors, such as oxygen and chlorine ions.  (2)
The hydrazine derivative (h) is tightly bonded to a  - 56 - surface of the
first layer to form a passivation layer. (3) The free hydrazine derivative
group (h) in the second layer traps zinc ions eluted by a corrosion reaction
to form a stable insoluble chelate compound layer, thereby inhibiting the
formation of an ion-conducting layer at the interface between the first layer
and the zinc coated layer to inhibit the progress of corrosion. It is believed
that the progress of corrosion is effectively inhibited by the foregoing
advantageous effects, thereby providing excellent corrosion resistance. [0090]



In particular, in the case where the epoxy group-containing resin (Cl) is used
as the organic resin (C), the reaction of the epoxy group-containing resin
(Cl) and a curing agent (cross-linking agent) results in the formation of a
dense barrier film. The barrier film has the excellent ability to inhibit
permeation of a corrosive factor, such as oxygen. Furthermore, owing to a
hydroxy group in its molecule, excellent bonding strength to the first layer
is obtained, thereby providing quite excellent corrosion resistance (barrier
properties). Moreover, in particular, the use of an active hydrogen-containing
pyrazole compound and/or an active hydrogen-containing triazole compound as
the hydrazine derivative (h) containing active hydrogen results in better
corrosion resistance (barrier properties).  - 57 - [0091]      A method in
which a mixture of a film-forming organic resin and a hydrazine derivative is
used has been known in the related art. Like this related art, the simple
mixing of the film-forming organic resin with the hydrazine derivative
provides little improvement in corrosion-inhibiting effect. The reason for
this is that in the related art, the hydrazine derivative is not incorporated
in the molecule of the film-forming organic resin. It is speculated that
although the hydrazine derivative that is not incorporated in the molecule of
the film-forming organic resin forms a chelate compound together with a.metal
in the first layer, the chelate compound is not formed into a dense barrier
layer because of its low molecular weight. In contrast, in the present
invention, the incorporation of the hydrazine derivative into the molecule of
the film-forming organic resin provides the quite excellent
corrosion-inhibiting effect. Thus, even if the thickness of the second layer,
which is an organic resin film, is reduced in order to ensure the conductivity
of a zinc-based metal coated steel sheet, the second layer that is formed by
use of the surface treatment liquid (B) containing the hydrazine-modified
organic resin (g-2) makes it possible to impart desired corrosion resistance
to the zinc-based metal coated steel sheet.  - 58 - [0092]      In the present
invention, the surface treatment liquid (B) containing the organic resin. (g)
may further contain a rust preventive additive (j). (Rust Preventive Additive
(j))      As described above, the formation of the second layer using the
surface treatment liquid (B) of the present invention provides a zinc-based
metal coated steel sheet having significantly satisfactory corrosion
resistance. In order to further inhibit the occurrence of rust and enhance the
corrosion resistance of the zinc-based metal coated steel sheet, it is
effective to add the rust preventive additive (j). The rust preventive
additive (j) content of the surface treatment liquid (B) is preferably in the
range of about 20% to about 30% by mass in terms of the solid content. [0093]
The type of Lust preventive additive (j) is not particularly limited. Any of
rust preventive additives, such as known rust preventives, sufficiently
provides' the foregoing effect. At least one of the following compounds (k)
and (1), which are self-repairing materials, is particularly preferably used:
(k) Ca ion-exchanged silica; and (1) silicon oxide.  - 59 - [0094]      The Ca
ion-exchanged silica used as the component (k) is a porous silica gel powder
containing calcium ions fixed to surfaces of particles of the powder. The Ca
ion- exchanged silica releases Ca ions in a corrosive environment to form a
precipitate film, thereby providing the rust preventive effect.      Any
desired Ca ion-exchange silica may be used. The Ca ion-exchanged silica has an
average particle size of 6 km or less and more preferably- 4 km or less. For
example, the Ca ion-exchanged silica having an average particle size of 2 to 4
km may be preferably used. An average particle size of Ca ion-exchanged silica
exceeding 6 km can result in reductions in corrosion resistance and dispersion
stability in the surface treatment liquid (B).      The Ca ion-exchanged
silica preferably has a Ca concentration of 1% by mass or more and more
preferably 2% to 8% by mass. A Ca concentration of less than 1% by mass can
result in an insufficient rust preventive effect owing to the release of Ca.
The surface area, pH, and oil absorption of the Ca ion-exchanged silica are
not particularly limited. [0095]       Examples of the Ca ion-exchanged silica
that may be used include SHIELDEX C303 (average particle size: 2.5 to  - 60 -
3.5 km, Ca concentration: 3% by mass), SHIELDEX AC3 (average particle size:
2.3 to 3.1 km, Ca concentration: 6% by mass), and SHIELDEX AC5 (average
particle size: 3.8 to 5.2 km, Ca concentration: 6% by mass) (trade names,
manufactured by W. R. Grace & Co.); and SHIELDEX (average particle size: 3km,
Ca concentration: 6% to 8% by mass) and SHIELDEX SY710 (average particle size:
2.2 to 2.5 gm, Ca concentration: 6.6% to 7.5% by mass) (trade names,
manufactured by Fuji Silysia Chemical Ltd). [0096]      The silicon oxide used
as the component (1) may be either colloidal silica or dry-process silica. In
the case where a water-based film-forming resin is used as a base, Examples of
the colloidal silica that may be used include Snowtex 0, Snowtex N, Snowtex
20, Snowtex 30, Snowtex 40, Snowtex C, and Snowtex S (trade names,
manufactured by Nissan Chemical Industries Ltd.); Cataloid S, Cataloid SI350,
Cataloid SI-40, Cataloid SA, and Cataloid SN (trade names, manufactured by
Catalyst & Chemicals Co., Ltd.); and Merits AT-20 to 50, Aderite AT-20N,
Aderite AT-300, Aderite AT-3305, and Aderite AT20Q (trade names, manufactured
by Asahi Denka Co.Ltd). [0097]       In the case where a solvent-based
film-forming resin is used as a base, examples of the colloidal silica that
may be  - 61 - used include Organosiliba Sol MA-ST-MS, Organosilica Sol
IPA-ST, Organosilica Sol EG-ST, Organosilica Sol IPA-ST-ZL, Organosilica Sol
NPC-ST-30, Organosilica Sol DMAC-ST, Organosilica Sol MEK-ST-L, Organosilica
Sol XBA-ST, and Organosilica Sol MIBK-ST (trade names, manufactured by Nissan
Chemical Industries Ltd.); and OSCAL-1132, OSCAL-1232, OSCAL-1332, OSCAL-1432,
OSCAL-1532, OSCAL-1632, and OSC2\L1722 (trade names, manufactured by Catalyst
& Chemicals Co., Ltd).       In particular, an organic solvent-dispersible
silica sal has excellent dispersibility and excellent corrosion resistance in
comparison with fumed silica. [0098]       Examples of the fumed silica
include that may be used include AEROSIL R812, AEROSIL R974, AEROSIL R202,
AEROSIL R805, AEROSIL 130, AEROSIL 200, and AEROSIL 300 (trade names,
manufactured by Nihon Aerosil Co., Ltd). [0099]       It is believed that
fine-particle silica as described above contributes to the formation of a
dense, stable corrosion product of zinc in a corrosive environment and that
the formation of the dense corrosion product on a coated surface inhibits the
acceleration of corrosion.       The fine-particle silica preferably has a
particle size of 5 to 50 nm, more preferably 5 to 20 nm, and still more  - 62
- preferably 5 to 15 nm in view of corrosion resistance. [0100]      Even in
the case where one or more of the following self-repairing materials are used
as the rust preventive additive (j) in addition to the components (k) and (1),
the same effect as that of the components (k) and (1) is provided:  (n)
phosphate; (o) molybdate; and  (p) one or more organic compounds selected from
triazoles, thiols, thiadiazoles, thiasole, and thiurams. 



The phosphate used as component (n) includes all types of salts including, for
example, simple salts and double salts. Metal cations contained the salts are
not limited. Any metal cation of, for example, zinc phosphate, magnesium
phosphate, calcium phosphate, and aluminum phosphate, may be used_ The
skeleton and the degree of condensation of the phosphate ion are not limited.
Any one of normal salts, dihydrogen salts, monohydrogen salts, and phosphite
may be used. The normal salts include orthophosphates and all condensed
phosphates, such as polyphosphates.       Furthermore, the combined addition
of the phosphate serving as component (n) together with a calcium compound
further improves the corrosion resistance. The calcium compound may be any one
of calcium oxide, calcium hydroxide,  - 63 - and a calcium salt. One or two or
more of these compounds may be used. Examples of the calcium salt that may be
used include, but are not particularly limited to, normal salts, such as
calcium silicate, calcium carbonate, and calcium phosphate, each containing
only calcium as a cation; and double salts, such as calcium-zinc phosphate and
calcium-magnesium phosphate, each containing calcium and a cation other than
calcium.      The skeleton and the degree of condensation of the molybdate
used as the component (o) are not limited. Examples of the molybdate include
orthomolybdates, paramolybdates, and metamolybdates. The molybdate includes
all salts, such as normal salts and double salts. Examples of the double salts
include phosphomolybdates.      Examples of the organic compound used as the
component (p) include triazoles, such as 1,2,4-triazole,
3-amino1,2,4-triazole, 3-mercapto-1,2,4-triazole, 5-amino-3-
mercapto-1,2,4-triazole, and 1H-benzotriazole; thiols, such as
1,3,5-triazine-2,4,6-trithiol, and 2- mercaptobenzimidazole; thiadiazoles,
such as 5-amino-2- mercapto-1,3,4-thiadiazole, and 2,5-dimercapto-1,3,4-
thiadiazole; thiazoles, such as 2-N,Ndiethylthiobenzothiazole and
2-mercaptobenzothiazole; and thiurams, such as tetraethylthiuram disulfide-
[0101]  - 64 -      The total amount of the rust preventive additive (j) (the
total amount of one or more of the self-repairing materials selected from the
components (k), (1), and (n) to (p)) in the second layer is preferably in the
range of 1 to 100 parts by mass (solid content), more preferably 5 to 80 parts
by mass (solid content), and still more preferably 10 to 50 parts by mass
(solid content) with respect to 100 parts by mass (solid content) of the
organic resin in the surface treatment liquid (B). An amount of the rust
preventive additive (j) added of less than 1 part by mass or more than 100
parts by mass can result in a reduction in corrosion resistance, which is not
preferred. [0102]       In the present invention, the incorporation of
appropriate amounts of the self-repairing materials (n) to (p) serving as the
rust preventive additive (j) in the second layer provides quite excellent
corrosion resistance (self-repairing effect). The possible anticorrosion
mechanism of the second layer containing the rust preventive additive (j) is
as follows. [0103]       In the case where the component (k), which is the
rust preventive additive (j), is incorporated in the second layer, when
cations, such as Na ions, enters the second layer in a corrosive environment,
Ca ions on silica surfaces are  - 65 - released by an ion exchange function_
Furthermore, OH ions arc formed by cathodic reaction in a corrosive
environment to increase the pH. in the vicinity of an interface of the coated
layer. So, the Ca ions released from the Ca ion-exchanged silica are
precipitated in the form. of Ca (01-1)2 in the vicinity of the interface of
the coated. layer. The resulting dense, sparingly soluble product seals
defects, thereby inhibiting a corrosion reaction_ Moreover, it is believed
that the eluted zinc ions are exchanged for the Ca ions and fixed to the
silica surfaces.      The component (I) contributes to the formation of a
dense, stable corrosion product of zinc in a corrosive environment. The
corrosion product is densely formed on the surface of the coated layer,
thereby inhibiting the acceleration of corrosion. [0104]      The component
(n) is dissociated into phosphate ions by hydrolysis in a corrosive
environment and is subjected to a complexation reaction with the eluted metal
to form a protective film.       The component (o) provides the self-repairing
properties on the basis of a passivation effect. That is, the component forms
a dense oxide on the surface of the coated film together with dissolved oxygen
in a corrosive environment, thereby sealing the origin of corrosion to  - 66 -
inhibit a corrosion reaction.      The component (p) provides the
self-repairing properties on the basis of an adsorption effect. That is,
eluted zinc and aluminum due to corrosion. are adsorbed to a nitrogen.- or
sulfur-containing polar group in the component (p) to form an inert film,
thereby sealing the origin of corrosion to inhibit a corrosion reaction.
[C)105]      In the present invention, even if the components (k.) and (1), or
components (n) to (p) in addition thereto are incorporated in a general
organic film, the rust preventive effect is provided to some extent. In the
case where the self-repairing materials, i.e., the components (k) and (1), or
components (n) to (p) in addition thereto, are incorporated in the second
layer having excellent barrier properties and containing a specific organic
resin (organic resin (g-.1) containing an OH group and/or a COOH group, or the
hydrazine-modified organic resin (g-2)), both effects (barrier effect and
self-repairing effect) may be combined to provide the outstanding rust
preventive effect.      In the case whore a calcium compound is added in
combination with the component (n), the calcium compound is eluted in a
corrosive environment before the elution of a coating metal, and thus is
subjected to a complexation reaction with phosphate ions to form a dense,
sparingly  - 67 - soluble protective film without using the elution of the
coating metal as a trigger, thereby inhibiting a corrosion reaction.      The
combined addition of two or more of the components (k) and (1) or components
(n) to (p) in addition thereto results in the combination of the
corrosion-inhibiting effects of the components, thereby providing better
corrosion resistance. [0106]      In addition to the rust preventive
additives, the organic film may further contain one or two or More of other
oxide fine particles, phosphomolybdates, organic phosphoric acids and salts
thereof, and organic inhibitors, which serve as a corrosion inhibitors. [0107]
(Lubricant (m))       In the present invention, the surface treatment liquid
(B) may further contain a lubricant (m) in order to improve the formability of
the film, as needed. Examples of the lubricant (m) that may be used are
described below. One or two or more of these compounds may be used. (m1)
Polyolefin wax and paraffin wax, e.g., Polyethylene wax (m1-1), synthetic
paraffin, natural paraffin, microcrystalline wax, and chlorinated
hydrocarbons; ( m2) fine particles of fluorocarbon resins,  - 68 - e.g.,
polyfluorpethylene resins (polytetrafluoroethylene resins), polyvinyl fluoride
resins, and polyvinylidene fluoride resins. [0108]       Other examples
thereof include fatty acid amide compounds (for example, stearic amide,
stearamide, palmitamide, methylenebisstearamide, ethylenebisstearamide,
oleamtie, ecyramide, and alkylenebisfatty acid amide); metallic soaps (for
example, calcium stearate, lead stearate, calcium laurate, and calcium
palmitate); metallic sulfides (for example, molybdenum disulfide and tungsten
disulfide); graphite; graphite fluoride; boron nitride; polyalkylene glycol;
and alkali metal sulfates. One or two or more of these compounds may be used.
[0109] 



Among these lubricants, the polyethylene wax (m.1) and fluorocarbon resins
fine particles (m2) (in particular, polytetrafluoroethylene resin fine
particles) are particularly preferred.      Examples of the polyethylene wax
(ml) include Ceridust 9615A, Ceridust 3715, Ceridust 3620, and Ceridust 3910
(trade names, manufactured by Clariant (Japan) K.K.); Sanwax 131-P and Sanwax
161-P (trade names, manufactured by Sanyo Chemical industries, Ltd.; and
Chemipearl W-100, Chemipearl W-200, Chemipearl W-500, Chemipearl W-800, and
Chemipearl W-  - 69 - 950 (trade names, manufactured by Mitsui Petrochemical
Industries, Ltd). [0110]      As the fluorocarbon resin fine particles (m2),
tetrafluoroethylene fine particles are most preferred. Preferred examples
thereof include Lubron L-2 and Lubron L-5 (trade names, manufactured by Daikin
Industries, Ltd.; MP1100 and MP1200 (trade names, manufactured by
Mitsui-Dupont Co., Ltd.; and Fluon Dispersion AD1, Fluon Dispersion AD2, Fluon
L141J, Fluon L150J, and Fluon L155J (trade names, manufactured by Asahi ICI
Fluoropolymers Co., Ltd).      Among these compounds, combinations of the
polyolefin wax and the tetrafluoroethylene fine particles should provide a
quite excellent lubricating effect. [0111]      The amount of the lubricant
(m) in the second layer is preferably in the range of 1 to 80 parts by mass
(solid content) and more preferably 3 to 40 parts by mass (solid content) with
respect to 100 parts by mass (solid content) of the organic resin in the
surface treatment liquid (B). An amount of the lubricant (m) of 1 part by mass
or more results in a sufficEcnt lubricating effect. An amount of 80 parts by
mass or less does not cause a reduction in paintability. [0112]  - 70 -
In the present invention, a curing agent may be added to the surface treatment
liquid (B) in order to form the second layer serving as a dense barrier film.
So, the second layer may be formed by thermal curing.      As a curing method
for forming the second layer serving as a dense barrier film, the following
methods are appropriate: (1) a curing method that uses a urethane-forming
reaction between an isocyanate and a hydroxy group of a base resin; and (2) a
curing method that uses an etherification reaction between an alkyl-etherified
amino resin and a hydroxy group of a base resin (the alkyletherified amino
resin is prepared by partially or entirely reacting a methyloi compound, which
is prepared by reaction of one or more compounds selected from melamine, urea,
and benzoguanamine with formaldehyde, with a. monohydric alcohol having 1 to 5
carbon atoms). It is particularly preferable to use the urethane-forming
reaction between an isocyanate and a hydroxy group of a base resin as a main
reaction. [0113]      In the present invention, the surface treatment liquid
(3) may further contain one or two or more of organic color pigments (for
example, fused polycyclic organic pigments and phthaiocyanine organic
pigments), color dyes (for examole, organic solvent-soluble azo dyes and
water-soluble azo metal dyes), inorganic pigments (for example, titanium
oxide),  - 71 - chelating agents (for example, thipls), conductive pigments
(for example, powders of metals, such as zinc, aluminum, and nickel, iron
phosphide, and antimony-doped tin oxide), coupling agents (for example, silane
coupling agents and titanium coupling agents), and melamine-cyaruiric acid
adducts, as needed. [0114] (Another Organic Resin)       As described above,
the use of the surface treatment liquid (B) which contains the organic resin
(g-1) containing an OH group and/or a COOH group, or which contains the
hydrazine-modified organic resin (g-2) results in a zinc-based metal coated
steel sheet having excellent adhesion and conductivity. For example, when
importance is attached to the formability of a zinc-based metal coated steel
sheet, the surface treatment liquid (B) containing a water-soluble
urethane-modified acrylic resin and/or a water-dispersible urethane-modified
acrylic resin (g) serving as the organic resin (g), the curing agent (r), the
silicon oxide (1), and the lubricant (m) in a specific ratio is preferably
used. [0115]      The water-soluble urethane-modified acrylic resin (q) may be
a water-soluble resin, a water-dispersible resin, or a mixture of these
resins. A method for modifying an acrylic resin with urethane is not
particularly limited.  - 72 - For the water-soluble or water-dispersible
urethane-modified acrylic resin (q), the solid content by mass of a urethane
component in the solid resin is preferably in the range of 10% to 50% by mass
and more preferably 10% to 30% by mass. [0116]      Curing agent (r) is added
in order to form sufficient cross-links in the film. The cross-links provide
excellent corrosion resistance and solvent resistance. The type of curing
agent is not particularly limited. A compound containing at least one
functional group selected from an epoxy group, an oxazoline group, an
isocyanate group, and an aziridinyl group, which are not hydrophilic groups,
is particularly preferably used rather than, for example, amine, polyhydric
alcohol, and polybasic acid containing amino groups, hydroxy groups, and
carboxy groups, which are hydrophilic groups. [0117]       The silicon oxide
(1) is added in order to improve corrosion resistance. The type of silicon
oxide (1) is not particularly limited. One or more of, for example, colloidal
silica and fumed silica described above may be used. In the present invention,
the particle size and type of silica are not particularly limited. [0118] The
lubricant (m) serves as a lubricating component. to  - 73 - improve scratch
resistance. Examples of the lubricant (m) that may be used include, but are
not particularly limited to, carnauba wax, rice wax, lanolin wax, montan wax,
paraffin wax, microcrystalline wax, fatty ester wax, fatty acid amide wax and
partially saponified products thereof, polyethylene wax, polyolefin wax,
chlorinated hydrocarbons, fluorinated hydrocarbons, and ethylene-acrylic
copolymer wax. One or two or more of these compounds may be used. The
lubricant (m) preferably has an average particle size of 0.05 to 3.0 Rm. The
lubricant (m) preferably has a melting point of 50C to 160C. The shape of the
lubricant particles is preferably spherical in order to achieve a high degree
of formability. [0119]      The proportion of the total mass of the solids of
(q) and (r) is preferably in the range of 50% to 95% by mass and more
preferably 55% to 75% by mass with respect to the total mass of the solids of
the water-soluble urethane-modified acrylic resin and/or water-dispersible
urethane-modified acrylic resin (q) + the curing agent (r) + the silicon oxide
(1) + the lubricant (m) (hereinafter, referred to as "(q) + (r)(1) + (m)").
[0120] The curing agent (r) is preferably added in such a manner that the
ratio of the solid content by mass of curing  - 74 - agent (r) to the solid
content by mass of the water-soluble urethane-modified acrylic resin and/or
water-dispersible urethane-modified acrylic resin (q), i.e., (q)/(r), is in
the range of 4 to 49. [0121] 



The amount of the silicon oxide (1) added is preferably in the range of 3% to
40% by mass in terms of the solid content by mass with respect to (q) + (r) +
(1) + (m). [0122]      The amount of the lubricant (m) added is preferably in
the range of 2% to 20% by mass and more preferably 5% to 15% by mass in terms
of the solid content by mass with respect to (q) + (r) + (1) + (m). [0123]
In the present invention, for example, a surfactant, called a wettability
improver, used to form a uniform film on a surface to be coated, a thickener,
a conductive material used to improve conductivity, a color pigment used to
improve design, and a solvent used for improving film formability, may be
appropriately added to the surface treatment liquid (B) used for the second
layer, as needed. [0124] (Formation of Second Layer) As described above, in
the present invention, the surface treatment liquid (B) is applied to a
surface of the  - 75 first layer and dried by heating to form the second
layer.      Examples of a method for applying the surface treatment liquid (B)
to the surface of the first layer include a roll coating method, a bar coating
method, an immersion method, and a spray coating method- An optimum method is
selected, depending on, for example, the shape of a zinc-based metal coated
steel sheet to be treated. More specifically, for example, if a zinc-based
metal coated steel sheet to be treated has a sheet shape, the surface
treatment liquid is applied by a roll coating method or a bar coating method
or is sprayed on a zinc-based metal coated steel sheet, and then the coating
weight is adjusted with squeeze rolls or by blowing a gas thereto at high
pressure. If a zinc-based metal coated steel sheet is formed. into a formed
article, for example, a method is selected in which the article is immersed in
the surface treatment liquid and withdrawn therefrom, and in some cases, an
excess of the surface treatment liquid is blown off with compressed air to
adjust the coating weight. [0125]      After the application of the surface
treatment liquid (B), drying is performed by heating without washing with
water. However, a water-washing step may be performed after the application of
the surface treatment liquid (B). A heating temperature (maximum sheet
temperature) when the  - 76 - surface treatment liquid (B) is dried is usually
in the range of 50C to 350C and more preferably 8000 to 250C. A heating
temperature of 50C or higher does not cause a problem, such as a reduction in
the corrosion resistance of the zinc-based metal coated steel sheet, because
the solvent is not left in the second layer. A heating temperature of 350C or
lower does not cause the problem because the occurrence of cracking of the
second layer is suppressed. A heat-drying method is not particularly limited.
The surface treatment liquid (B) may be dried by heating using, for example,
hot air, an induction heater, infrared radiation, or near infrared radiation.
An appropriately optimized heating time is selected, depending on, for
example, the type of zinc-based metal coated steel sheet used. The heating
time is preferably in the range of 0.1 to 60 seconds and more preferably 1 tc
30 seconds in view of, for example, productivity. [0126] The thickness of the
second layer is preferably 0.01 or more and less than 3 pm, and more
preferably in the range of 0.1 to 2 p.m after drying by heating. When the
thickness after drying by heating is 0.01 p.m or more, sufficient corrosion
resistance and fingerprint resistance are provided. A thickness of less than 3
pm does not cause a reduction in conductivity.  - 77 -       In particular,
the use of the hydrazine-modified organic resin (g-2) as the organic resin (g)
for the Second layer results in a uniform film having excellent corrosion
resistance even at a small thickness. So, it is particularly advantageous when
the conductivity is improved without reducing the corrosion resistance. [0127]
<Total Film. Thickness>       The total thickness per side of the first layer
(composite oxide film) and the second layer (organic resin film) located
thereon is in the range of 0.1 to 3 Rm and preferably 0.1 to 2 Rm. A total
thickness of less than 0.1 gm leads to insufficient corrosion resistance. A
total thickness exceeding 3 gm leads to a reduction in conductivity.      To
strike a balance between the corrosion resistance and the conductivity,
preferably, the first layer (composite oxide film) has a thickness of 0.05
1.1m or more, and the second layer (organic resin film) has a thickness of 1.0
gm or less. [0128]      The present invention provides a steel sheet including
the foregoing films located on one or both sides. Examples of the
configuration of the steel sheet of the present invention include the
following:  - 78 -  (1) one side: coated -- tr-first layer-second layer, one
side: coated layer;  (2) one side: coated layer-first layer-second layer, one
side: coated layer-known phosphate-treated film or the like;  (3) both sides:
coated layer-first layer-second layer;  (4) one side: coated layer-first
layer-second layer, one side: coated layer-first layer; and  (5) one side:
coated layer-first layer-second layer, one side: coated Layer-second layer.
[0129]      With respect to the thicknesses of the first layer and the second
layer, a thickness measurement method is not particularly limited as long as
the thickness of each film can be surely measured by the method. For example,
the section of the films processed by FIB is observed with a SEN.
Representative elements present in the films are measured byy, for example,
EDX to determine the interface between the films, thereby calculating the
thickness of each film. For example, thicknesses are measured at any three
points per one field of view of the section observed with the SEN. The mean
value of the thicknesses is defined as the thickness. [0:30]       According
to the present invention, it is possible to provide a zinc-based metal coated
steel sheet having excellent corrosion resistance and adhesion and having
excellent conductivity even under severe conditions where steel sheets are
contacted at a low pressure, in particular, without reducing the corrosion
resistance. The zinc-based metal coated steel sheet of the present invention
may be used for various applications and suitably used as a material for use
in various fields, such as architecture, electricity, and automobiles.
[EXAMPLES] [0131]      While advantageous effects of the present invention
will be described by means of examples and comparative examples, these
examples are merely examples to illustrate the present invention and are not
limited to the present invention. [0132] 



1. Method for Forming Test Sheet (1) Test Sheet (Material)      Commercially
available materials described below were used as test sheets.  (i)
electrogalvanized steel sheet (EG): sheet thickness: 0.8 mm, weight per area:
20/20 (g/m2)  (ii) hot-dip galvanized steel sheet (GI): sheet thickness 0.8
mm, weight per area: 60/60 (g/m2)  (iii) hot-dip galvannealed steel sheet
(GA): sheet thickness: 0.8 mm, weight per area: 40/40 (g/m2)       The "weight
per area" indicates the weight per area of each steel sheet. For example, in
the case of the electrogalvanized steel sheet, "20/20 (g/m2)" indicates that a
coated layer having a weight of 20 g/m2 is arranged on each side of the steel
sheet. [0133] (2) Pretreatment (Washing)      Test pieces were produced by the
following process. Surfaces of-the test sheets were treated with Palclean
N364S (manufactured by Nihon Parkerizing Co., Ltd.) to remove oil and dirt on
the surfaces. The test sheets were then washed with tap water. After checking
that the test sheets were completely wetted with water, pure water (deionized
water) was poured onto the test sheets. The test sheets were dried in an
atmosphere having a temperature of 100C in an oven and then used as the test
pieces. [0134] (3) Preparation of Surface Treatment Liquid (A)      Components
were mixed in water so as to achieve compositions (ratio by mass) described in
Tables 1-1 to 1-4 to prepare treatment liquids (A) for zinc-coated steel
sheets. as, bs, cs, ds, ev, and fT in Tables 1 represent the solid content of
the resin emulsion (a), the solid content of the tetraalkoxysilane (b), the
solid content of the silane coupling agent (c), the solid content of the  - 81
- chelating agent (d), the solid contenr of the vanadic acid compoundin terms
of V, and the titanium compound (f) terms of Ti, respectively.  - 82 - [0135]
[Table 1-1] Table 1.--1 Test level Example 4amRle 'Example Example -Example
Example Example  Example ,----."-. Example _..__ Example Example  1 .2_ -3 4 5
6 7 9 __ 10 114 121 13   Campo:eel Type -5) (e) 131,_ _ 



' hi bl 131 61 bl bl b2bl hI 62 Component (c) Type cl c el  Surface (0 Type
treatment liquid (A)     --  H 4. .   4.0 _ 3-0 4.0 5.0 60 4.6- 4.0 4.0 4.0 -
4 4.0 4.0   rennet (a) Type al      Composition  (e3V(ds Ratio ny 0.08 0.08
0.08 0.08 J s) (f )/(ds ) s Ratio by 0.06 



0.06 0.06        Cocnoonenternpa-ent (d) Type  Cempeeent (0 Type 12 Component
(as) rnass% (*S i 11 20 20 20 20 20 20 .40 405 35 30 45 Ratio   3 5.35 2.4 2.4
2.4 2.4 2.41 2.41 TS -- 1.5 1.51 by b)/(d) Rath :4 0.50 0.50 0.50 0.50 0.50
0.50 0,50 0-50 0.83 - 0.93           el al el al el el el .. el el e2 :2 e2  



dl dl dl                  12 12 12 12          ci ci 



006 0.06       p1 dl dl dl dl d       0108 0.08 0.08 0.08  0.08 0.08 0.08
0.08- 0.08     al            



0.06    al   c2 c3  cl __..._ cidi cl e2 _ clci-         0.06 0.06  0.06 006
0.06 arm _ 0.06    - a al al al      f2 f2 1212 12         



0.99 1.49 0,50    Eiramnie Example  al s2                        1.51   



Example Example Example Example -__ EXOMC115 -Example Earnla 14 -I 6 _- 17 'ID
19 20 a2 a2 a2  b2 62 62 132 62 62 62 olc2 (tO -1 0 cl(iiil) cl + c2 (*1) el +
c2 (*1) d2 d2 d2 d2 d2 e2 e2 a e2 e2e2 e2 12 12 2 45 45 45  45 45 .45 f245
1.51 1.5  0,50 050 050 o.orL 0.08 OM 0.0B 0.08 0.06, o 5:05-11-411- 006 Thibi"
0.06 4.0 



1.5 19 1.51 1.51 1.5     40 co 40 Vb 4.0         f2          a2 a2 a2   el +
02 (*I)   f2 f2 



0.50 0.50           i t- c2 (41) 01 + o2 (*I) d2 d2                      0.50
0.08    Example Example ,_,E-xample Example _Example_ Example 21 22 23 24 25
la a2 



62cl + c2 (*.1) 62cl + c2 (+1) 62cl + c2 (*I) hic2 1-bl.c2 61cl d2 e2 e2 a e2
e2 el 12 2 12 f2 45 45 45 40 20 20 1.5 1.5 I_1.51 1.66 0.50 0.50 0.50 0.50
0.50 0.50 0.08 0.08 0.08 0.08 0.08 0.08 006 0.06_ 0.06 0,06 0.06 rrLtrr   a2
a2  d2 __- d2 dl di           al    



si      3.02 4.52     Example Txareple  Example _27 21  29 e2 a2 bl cl blcl
b2cl 4- c2*1) dl d2 el el e2 2 12 204.52 45TM 45  0.50 0.08 . 008 0406 0.07
0.06 



4.0 __ 40         . 0.50     Example Example Exa mple Example Example Exam"ole
Example _Exalcp.lo Example Example  Example (*Iii The ratio 0 Si 2 33 34 35 36
38 39 40 a? a2 a2 a a2 hi 132 el cl al  c 1 c1 di di d2 a(') dl dl dl d2 ill a
A ratio law mat 



ci ci e el ci  ci el e2  12 30 25 45 40 40 45 45 45 45 1.51 0.25 0.17 0 50
0.04 0.03 0 10 0.03 0.02 0.06 0.06 0.06 0.06 _I_ 1109 0.06 0.09 4.0 4.0
45 45 2 JL 12 12 12 II Ii is1:1.  1.51 1.51 1.51 1.51 liii 1.51 1.51 1.51
1.51 .51 J., 0.50       



4.0 .4.0- I40 4.0 -4.0- 4.0   --I 4.0    67 62       0.50 0.50 0.50 0.50 0.50
0.50  050 0.10 0.15     (by a2 a2   o? a2 rnas) of 62      



62 b2 b2 62 bl cl to c2 is 03 e3       0.23  0.08 008 0.08 0.08         1-el
e2 el ) cf d2. to d3            cl + c2 (* 



c3 c3 it(ll) The                       (*3) The p portion (solid content) of
the solid (as) of component (a) in surface treatment liquid (A)  - 83 - [0136]
[Table 1-2] Table 1-2 Surface treatment liquid b+-0 Co oompenent Cameuriftni
Cs sposom 1 -Como..OLIVO cent j Ct.cent (%)/(as; T (50/(ds) .-G-yp TypefeTypa[
liveTypey""% (*3,. Ratio byRato by -ar -T1e1r- -1-51 -aut 41019
-,....73.........- -....... lfl_ 4212el1.510.08 43id2 -4-4-I 17401.510.500.06
1211400.500,08 ci 5112.510.50j0.08 1Mica12el401 50.500.08 ald2ft401,51 0.50--.
0.08.6.06 ci5112al401,51o0.080.06   



Exam I50 ab 1c312elfl401.510.50aus0.06 Example Sial51c342401.510-500 OS04.0 6
Example 52ad400.500.080.06 ._- .- COMITIVWS 53abclfl512.030.500.080.064.0
Elands Comparative 54 albdel11650.910.500,080.064 Uompwilus 55
al5112el12481.510.120.080.064.0  &sods--- Comparative
a2511212211.51.990.000.064.0 Example --___ _ _ . Comparative Si
a251cd2700.30.500.060.064.0 Example  Cornpadtwe 5a2hic3d2el12130.080.064.0
Lborple Camara, 5 a2132312fl501.51-..90 300 254.0 Gsmparabvis 60
a25.2c3dle2II2211.510.120.020.0240 Example Cumrw lye 6 al51e2dlelfa471 51C
500.080.014 0 Curl-saliva 62 al51adlel351.510.500.080.254.0 :ample    _ -
Comparative 63 elblc2dl1202,410.500.080.062.0 Exan_ple- --- Comparative
64el51c2dl202,410.500.080.06 Example  Coinparalve e252ol + c2
(.1=1)di451.510.500 080 064.0    Fxn)le- _ - --__ -_ -- -- --- Compri-as
a2h2cl + c2 WI)d22451.510.600.08 0 064.0   Example-.-- - ------ - -- -
Comparalwo 67 51cl1200.500.060.064.0 



ComMatb 68a2a3dl2PI617.030.000.080.064.0 &snob  'a aratwe
69al51dle0521400,500.080.064.0 rile Fl Exampleel 4 40 12 c12 di Cc MD Cm
77...a2cl + c2 001)d2 Example8.. a.2 52cl F 0, CsS2cI2 _ _ __  _ _ 245 Example
79j,a252cl + c2 i..1)d24p25245 Exarnpl-e T-80a2   52al + o2 (.1)12e21245
;1-1) The r tio ( y mass) of el too? id 1. (+3) The p oportion (solid content)
of the solid (as) of component (a) in surfac treatment liquid (A)  - 84 -
[0137] [Table '1-3] 'I able 1-3   Surface treatment11mnd  - 85 -  [0138] f
Table 1-4] Suriaco treatment liquid (A)  0111p0 Test CM.. . ,I eve.Component
Component I etanrn                          yonenT0aaoneet Component Ca (a)
(b)(a)(d)(o) 1..  1Y3eTypeTate.1YleehYPe Example 12 aC 4 0 1.*1)  _e Example
122 .a252al I e2 HI).1262 Example 123L82 52 el t c2 (el)12e2 lanced? 125a2
Exormig p27a2 illa2 152el + 6240d2.2 112al + e2 (al)d2e2 52cl + 62 (*I)J2
Example82 52 



cl 1 c2 (et)d2e2 Example 128a262et + 62 (*1)12 e2 Example 124a2 Example  &91_,
e221 1 c2 (.1.1) 12e2 Example  110a?52CI + 62 (el)12e2 Example 131a262cl + 1.2
(41)12 ------. - _ .62 Exempt; 13.r/2I62el + 62 (*I)d2e2 52 al + c2 (et)
Exempla 136a?52Gall It cc; (.(**11?) .1Xxample Elea2 Example 13462 Example
135a2. Example 137a2 Example 138 Ia? 1 i41a252 52 52 52 52 el + 62 (*VI  el t
c2 (*1) el tc2(fl)  ..r12 d2  d2 d262 62 a2e2 e2 Example 138a2 52 tyl i 62
6+1) Example 14092 Example 1 Example 142a2 5522edl t c i +c; ((e+11d2 ?) b2el
D c2 (41) d2 d2. 1262 62 e2 e2  d2 e2 a2b2 l I 4 62 62cl + e2 a Al) cl + 62
(el)d Example 143a2. , 2a Exennte 144a2d2e2 Example 



Example CIO02. bbb222L 11 : :22 (T11))d2e2 e 145hen Fyarnele 146a252i cl + c2
(d(1)1262 Exam-tale 148e2.52cl -4 a age d262 Exemcle 147a2d2al Example ..1.992
62el 1 c2 (*1)d2e2 Example 151s2d262  Example  162a? _52el i 62 (*1)d2e2 f
stand 15352el t 62 01)d2 L'Inara'm 154a252c 1 t 62 (*I)12 Beate _ Comparates
155az 52al + c2 (*1)d2 Example (*1) The ratio (by matt) of cl to e2 is :1.
(+a) The P oporLinn (solid content) of the solid (ay) of component ( ) in
surface treatment liquid (A) [01391      Compounds in Tables 1-1 to 1-4 are
described below. [0140] <Resin emulsion (a) containing cationic urethane resin
emulsion (a-1) and/or nonionic acrylic resin emulsion (a-2)> al: styrene-ethyl
methacrylate-n-butyl acrylate-acrylic acid  copolymer (nonionic acrylic resin
emulsion (a-2)) a2: ADEKA BONTIGHTER EUX-670 (cationic urethane resin emulsion
a-1)) ['OJAI.] <Totraalkoxysilalie (b)>. bl: totraethexysilane 1:2(
tetramethoxyailane 01A2.1 <Silane coupling agent (c) cl:
y-glycidyittletboxyzilane  c2: 3-mercaptopropyitrimethoxyailane  c3:
N-(2-ardnoothyl)-3-eminopropyltrimethoxysilane [0143] <Chelating agent (d) dl:
lehydroxymerhanc-TL.1-diphosphonle acid d2: acetic acid d3.: phosphoric acid
[0144] <Alaiiadic acid compound (ei> el: ammonium metavanadahe e2: vanadyl
acetylaceton19.2%) [0145] <Metal compound (r).> ri: ammonium fluorctitanate 2:
titanium acetylacetonate (Ti: 12.5%)  - 87 - [0146) (4) Preparation of Surface
Treatment. Liquid (B) The surface treatment liquids (B1 appropriately
containing additives, described, in Tables 2-4 to 2-4, mixed with the organic
resins (91 to g7) described below were prepared_ Concentrations of the organic
resins (g), described. in Tables 2-1 to 2-4, in the surface treatment liquid
(E) were in the range of 4 to 10 g/le The amounts of the components (k), Wu
and 010 are expressed in terms Of proportions in the base resin (g.). 



- 88 - [01.47] [Table 2-1] Table 2-1  Example Example 10 Example11 I Example
12 Example13 Example 14 --- - Example15 - Example16 --- - Example17 xample18
Surface treatment liquid (I) Organic resinAdditiveMixing ratio (ratio by mass)
Concentration Type(*.EkTynegOtt I) _ 10 10  5 10 10 III 10 10 10 10 10 10 56
gO10 O10 g610 gO 8 k1 + (r.5) 8 r-12    Example 20a510 I Example21g610 Example
22gO10 _ ..... Example 23gO10 Example24ge10 25g6 10  26gO10 Example -.-
Example Example Example 39gO10 Example40 I gO10  (54) indicates the onnoeni
ration (g/n) of base resin g in surface treatment liquid (8). 



(55) The mixing ratio (ratio by mass) of kl to 11 is 1:1. (56) The mixing
ratio (ratio by mass) of k1 to 11 to nl is 1:1:0.1. (57) The mixing ratio
(ratio by mass) of kl to 11 tn ol is 1:1:0.1. ((*EI) The mixing ratio (ratio
by mass) of al to 11 to dal tool is 1:1:0.1:0  - 89 -  [0148] [Table 2-2]  -
90 - Table 7  st Example41  Surface treatment !quid Additive Type (B) Mixing
ratio rik +1) - . - a   TY g6 Orgarac resin Concentration (*4) 10 10 10
.....-......... 10   (ratio byas gsa Example42g6 Example 143g6 Example44g6



-   mole - Example Example --- Example 4 -7  6 g6 pG g4 10 a 0 10 k1 +11 (45)
12 - 100:30 - 10030 -.....-.. ..  46 47 411           -  Example 49 50 E I 



52 pS 10 10 10 10 -   Example ....._ Example Example  ____ g6 pG gC
teeIleLerele I, :  opa. slips  Example 3133r 3 Comperativa Exerntre ....-
Campamllva Ftemnle a Emcee Campanlsa . Enema cambarahvo Compasetea Et
Cempamtve FEEE1111.- ompaiabro - gempa-at um 6omparatint Fumble_ Campablice
Exaryb (omparalee Eicianyle Comparative __Example .cornparallea Example  Corn
oaraliee .-aliml Winparthe  Eatable comPral" Examfile Example Example: Example
-- ----- Example_ Exa.nple 1 54 



55 6 57 58 59 ao 62 63 64 66 86  . - 0 5 -... g g6 8 .6 g6 1g 1 I
-------------------------- --- 1010 10 10 10 _ 10 -  0 10 10 10 lo Es ass it
-              



67g6 690 _ 59gX - 70in6 71g 72 73gl 75gi 75g7 77 i 7Bg3 79g3 801 10 o 10 10 10
0 - IC 10  10 a El 8  _ - - _ -----      



- -          - --      100:30 10030 100:30 100:30     12   Example Example
kl +II (*5)      k1 +II + n1 (*6)  kl +11 + o1 (*7) j     Example -          



(E4) indicates tte cancan ration (gin) of base resin g in surface treatment I
quid (a (t5) The mixing ratio (ratio by mass) of kl toll is I:1. (*6) The
mixing ratio (ratio by mesa) of k1 toll to n1 is 1:1:0.1. (v.7) The mixing
ratio (ratio by mass; of kl toll to ol is 1:1:0.1. ((lft) The mixing ratio
(ratio by mass) of kl toll to n1 to oils 1:101:0.1.  - 91 - [0149] [Table 2-3]
Table 2-3    Surface treatment liquid (8)  Test level  Organic resin Additive
Mixing ratio (ratio by mass)   Concentration     Type(*4) TYPe g.-..(k +1) -
-- g.rri - Example 81 53J8 hi +11. n1 +el 148) 10030  EXample 82 10 ml  100:3 



Example 83 a 12 + ml 100:30 i100:3 Example 84 gi8 kl +11 Or-5) -1- ml 100:30
100:3 Example 85 g38 13 100:30  Example 86 g3a 13 -i- ml 100:30 '100:3 Example
87 g3 10  - .. Example 88 g3 10   _ Example ___ ........ _ 9  10    Example 90



g3 10    Example 91 g3 10   - Example 92 g3 10    Example 93 g3 10    Example
94 g3 10  -  Example 95 g3 10    Example 96 t3 10   _ Example 



97 g3  10   Example 98 g3 10  -- ____---  Example 99 --_, - g3 10     Example
100 53 10    Example 101 g3 10    Example 102 53 10    Example 103 g3 10  



Example 104 g3 10    Example 105 g3 10    Example 106 g4 10   - Example 107 g4
10    Example 1081 g4 10    Example 109 4 0    Example 110 g4 10 



Example111 ,  g4 10 212 I 222221 22221FLA Li2   -6"mParit" 112  -
Comparafve       Example 113 g3 10  --  I Comparalivr-       _ Exempla__ 114
g4 0  - 



Gemparalve        115 g3 10    Comparalive       roub...116  54 10    Example
117 g6 10  100:5  Example 1181 gO 9  100:10  Example 119 ge 6 12 



100:70  Example 120   12100:100   (*4) indicates the concentration (gin) of
base resin g in surface treatment liquid (B). (4,5) The mixing atio (ratio by
mass) of kl to 11 is 1:1, (,26) The mixing ratio (ratio by mass) of k1 to 11
to n1 is 1:1:0.1. (+7) The mixing atio (ratio by mass) of lel to 11 to o1 is
1:1:0.1. ((*B) The mixing ratio (ratio by mass) of 21 to 11 to nl to ol is
1:1:0.1:0.1  - 92 -    Test levelOrganic resin         eoneentratIon Typeran%
Example 1219 Example 122g7 Example 123g6 Example 124x58 - - Example 125
Example DM go -.- Example 127g Example 128 Ig6 -- 9 Example 129g7 Example 1300
Example 131g7 Example 132g610   AdditiveMixing ratio (ratio by mass) Typeek
I)g:m 100:10- 1210030 100:70 kl100:30 k1100:30 -- k1 + 11 (*-5)100:10 k1 +11
(1/-5)100:30 k1 +11 015)100:70 kl +11 (*5)100:10 



- k1 +II (I/5)00:30 k1 + 11 015)00:70 00: 11  Example 133g7101100:5 Example
134gg812100:30 Example 135gO12100:30 /2100:30 - ___ ______ 12100:30 12100:30
12100:30 12100:30 /200:30- 12100:30/- 12100:30 12100:30 19100:30 12100:30
12100:30 1100:30 12100:30 12100:30 12100:30 Example Example Comparative
1540120:30 Elm e,..._- Comparative 1550kl +11 (*5)0:30 &ample__L (*4)
indicates the concentration (e0 of base resin g in surface treatment liquid
(B). (*5) The mixing atio (ratio by mass) of kl toll is 1:1. (*6) The mixing
ratio (ratio by mass) of kl toll to n1 is 1:1:0.1. (*7) The mixing atio (ratio
by mass) of kl toll to ol is 1:1:01. ((,111) The mixing ratio (ratio by mass)
of kl to 11 to n1 to ol is 1:1:0.1:01 52 153 100:30 [01511 Compounds in Tables
1-1 to 2-4 are described below.  <Organic Resin: organic resin that does not
contain OH group and/or COOH group> gl: polyolefin resin (Model: HYTEC S-3121,
manufactured by TOHO Chemical Industry Co., Ltd.)  g2: fluorocarbon resin
(Model: Lumiflon LE552, manufactured by Asahi Glass Co., Ltd.) [0152] <Organic
resin: organic resin (g-1) containing OH group and/or COOK group>  g3: epoxy
resin (Model: jER1009, manufactured by Japan. Epoxy Resin Co., Ltd.)  g4:
urethane resin (Model: Superflex E-2000, manufactured by Dai-Ichi Kogyo
Seiyaku Co., Ltd.) 95: alkyd resin (Model: PHTHALKYD W2343, manufactured by
Hitachi Chemical Company, Ltd.) [0153] <Organic resin: hydrazine-modified
organic resin (g-2)> g6: [Synthesis Example l] 



EP828 (manufactured by Yuka SheLl Epoxy K.K., epoxy equivalent: 187) (1870
parts by mass), bisphenol A (91 2 parts by mass), tetraethylammonium bromide
(2 parts by mass), and methyl isobutyl ketone (300 parts by mass) were charged
into a four-necked flask. The mixture was heated to 140C and reacted for 4
hours to give an epoxy resin having an epoxy equivalent of 1391 and a solid
content of 90% by mass.  - 94 - Ethylene glycol mono-n-butyl ether (1500 parts
by mass) was added thereto. The mixture was cooled to 100C. Then 3,5-
dimethylpyrazole (molecular weight: 96) (96 parts by mass) and dibutylamine
(molecular weight: 129) (129 parts by mass) were added thereto. The mixture
was reacted for 6 hours until the epoxy groups disappear. Methyl isobutyl
ketone (205 parts by mass) was then added thereto with cooling, thereby
yielding a byrazole-modified epoxy resin having a solid content of 60% by
mass. This resin is defined as an organic resin (g6). The organic resin (g6)
is a reaction product of the organic resin (C) and the active
hydrogen-containing compound (i) that contains the active hydrogen-containing
hydrazine derivative (h) in an amount of 50 mol%. [0154] 07: [Synthesis
Example 2]       E21007 (manufactured by Japan Epoxy Resin Co., Ltd., epoxy
equivalent: 2000) (4000 parts by mass) and ethylene glycol mono-butyl ether
(2239 parts by mass) were charged into a four-necked flask. The mixture was
heated to 120C to completely dissolve the epoxy resin in 1 hour. The solution
was cooled to 100C. Then 3-amino-1,2,4-triazo1c  (molecular weight: 84) (168
parts by mass) was added thereto. The mixture was reacted for 6 hours until
the epoxy groups disappear. Methyl isobutyl ketone (540 parts by mass) was
then added thereto with cooling, thereby yielding a  -- 95 -
triazolee-modified epoxy resin having a. solid content of 60% by mass. This
resin is defined us an organic resin (g7), The organic resin (g7) is a
reaction product of the organic resin (C) and the active hydrogen-containing
compound that contains the active hydrogen-cotaining hydrazine derivative (Ti)
in an amount of 100 mo.1%. (ft1.55.1 <Ca ion-exchanged silica. (k)> kl: Ca
ion-exchanged silica (Model: SEIELOEX 0303, manufactured by W. R. Grace & Cc.)
(0156l <silicon oxide. (1)>  11: famed, silica (Model: AEROSIL 2019,
manufactured by Nihon. Aarosil Co., Ltd.)  12: otgancsilica sal (Modeli
Organosilica sd MA-ST-MS, manufactured by Nissan Chemical Industries Ltd.)
13: colloidal silica (Model:. Snowtex 30, manufacture) by Nissan. Chemical
Industries Ltd.) (31.57] <(Lubricant (-(1.)> ml r polyethylene wax (Model:
CeridUst 3620, manufactured by Clariant. (Japan) K.K..) [0158] <PhoOphate (n)>
zinc phosphate  - 96 - [0159] <Molybdate (o)> ol: aluminum molybdate [0160]
(5) Method for producing zinc-based metal coated steel sheet      The surface
treatment liquid (A) was applied to one surface of each of the test pieces by
bar coating. The resulting test pieces were not washed with water. The test
pieces were placed in an induction furnace and dried by heating at drying
temperatures described in Tables 3-1 to 3- 4, thereby forming films having
thicknesses (pm) described in Tables 3-1 to 3-4. The surface treatment liquid
(B) for the formation of the second layer was applied to a surface of each of
the films. The test pieces were placed in the induction furnace and dried by
heating at drying temperatures described in Tables 3-1 to 3-4, thereby forming
films having thicknesses (tim) described in Tables 3-1 to 3-4. Thereby,
zinc-based metal coated steel sheets according to examples and comparative
examples were produced.      The heat-drying temperature was adjusted on the
basis of induction heating power. Note that, the heat-drying temperature
corresponds to the maximum temperature of the surface of the test piece.
[0161] A specific bar coating method is as follows.  - 97 -       Each of the
surface treatment liquids was dropped on a corresponding one of the test
pieces and applied with a. bar coater (selected from rod Nos. 3 to 5). The
thickness of each film was adjusted by selecting the rod number of the bar
coater and the concentration, of the surface treatmemt liquid so as to obtain
the thicknesses described in Tables 3-1 to 3-4.  - 98 - [0162] [Table 3-1]
Table 3-1 Test level - Example1 



Test sheet Treatment treatment Coating method method of liquid Thickness
surface (A) Drying temperature Treatment treatment Coating method method of
liquid Thickness surface (B) Total film thickness        Drying temperature
Tuna ii-Iiii 0) i-ii-lEl Tune iisP--7ii- Bar coating 0-2 Th in, _  140 _
__Type Bar coating 0.5 urn 140 



0.65 Example2 0) Bar coating 0.15 140 Bar coating 0.5 140 0.65 Example3 )Bar
coating 0.15 140 Bar coating 0.5 140 0.65 Example4 0) Bar coating 0.15 140 Bar
coating 0.5 140 0.65 Example5 () Bar coating 0.15 140 Bar coating 0.5 140 0.65
Example6 () Bar coating 0.15 140 Bar coating 0.5 140 0.65 Example7 (i) Bar
coating 



0.15 140 Bar coating 0.5 140 0.65 Example8 (0 Bar coating 0.15 140 Bar coating
0.5 140 0.65 Example9 ') Bar coating 0.15 140 Bar coating 0.5 140 0.65
Example10 0) Bar coating 0.15 140 Bar coating 0.5 140 0.65 Example11 0) Bar
coating 0.15 140 Bar coating 0.5 140 0.65 Example12 0) Bar coating 0.15 140
Bar coating 



0.5 140 0.65 _ Example G) Bar coating 0.01 140 Bar coating 0.5 140 0.51
Example14 (i) Bar coating 0.05 140 Bar coating 0.5 140 ,0.55 Example ,15 (i)
Bar coating 0.1 140 Bar coating 0.5 140 OM Example16 (0 Bar coating 0.2 140
Bar coating 0,5 140 0.7 Example17 (i) Bar coating 0.2 140 Bar coating 0.5 140 



0.7 Example18 0) Bar coating 0.2 140 Bar coating 0.5 140 0.7 Example19 0) Bar
coating 0.2 140 _ Bar coating 0.5 140 0.7 Example20 (i) Bar coating 0.2 140
Bar coating 0.5 140 0.7 Example21 0) Bar coating 0.3 140 Bar coating 0.5 140
0.8 Example IIII 0) Bar coating 0.5 140 Bar coating 0.5 140 ._ 1.0 



_ Example23 0) Bar coating _ 0.8 40 Bar coating OM 140 1.3 Example24 0) Bar
coating 0.15 140 Bar coating 0.5 140 0.65 Example25 ( ) Bar coating 0.15 140
Bar coating 0.5 140 0.65  Example26 a) Bar coating 0.15 140 Bar coating 0.5
140 0,65 Example27 ( ) Bar coating 0.15 140 Bar coating 0.5 140 0.65 Example28



) Bar coating 0.15 140 Bar coating 0.5 140 0.65 Example29 _ (1) Bar coating
0.15 140 Bar coating 0.5 140 0.65 l_Example30 ._ ( ) Bar coating 0.15 140 Bar
coating 0.5 140 0.65 Example31 ( ) Bar coating 0.15 140 Bar coating 0.5 140
0.65 Example32 0 Bar coating 0.15 140 Bar coating 0.5 140 0.65 Example33 0 



Bar coating 0.15 140 Bar coating 0.5 140 0.65 Example34 0 Bar coating 0.15 140
Bar coating 0.5 140 0.65 Example35 fl Bar coating 0.15 140 Bar coating OM
1400.65 Example36 0 Bar coating 0.15 140 Bar coating 0.5 140 0.65  (i) Bar
coating 0.15 140 Bar coating 0.5 140 0.65 Exampled 37 Example38 (iii) Bar
coating 0.15 



140 Bar coating 0.5 140 0.65 Example39 (i) Bar coating 0.15 140 Bar coating
0.5 140 0.65 Example40 (i) Bar coating 0.15 140 Bar coating 0.5 140 0.65  - 99
- [0163] [Table 3-2] Table 1-2  41 Test _ T cTai     atannnt Cnating mama ..
ar mathaci xl 14 8 O. 5 nurtece - emak C T GQI--- math 



VP Bain ad of -Tim (60 00 - Total fit kn tan ...... 65 toxin pIn Exarrpla
anti-in Fe Examplc ban -- Example tcarnipla 93 I _. 94 95 96 '15 ,1 .2:1.31d 0
I 74 '.9 0 " 0 arena the 0.01 0.05 0,1 0.2 - 0.2 0.2 02 0.2 4 140 140 140 140
-. 190 140 140 140 Bar coatiruc 0.5 0,5 0.5 0.5 0.5 05 140 190 140 140 140 . -
140 140 1400.7 0.51 



0.6 - - - - ..  0.7 0.7       Bar coating Bar coating Bcr coating Bnrcoxtirg
Bar coatirg       arcaxtiung Eltine - El ar ranting IlnrnaatinajDar coating
rho coating             Bar coating QO   Example Peampin Example Cc- vat Um
co,o9E, karma: ac-Emprim. prarrcle 04-Emmtrir -.14m03 ..c.-pailim :amp)
ittaraabre. --awe (4.-48-tht --arri4e ___.....,_ U,r13. ,144 .-thoo,  849-Qk
Cact4 :ha :kapok .4_ coloo.eto Cows-atm ->WITA. 



o 51 2 , _ 59 _ 5, ' 59 59 _ 59 b., 53 54 ' 954i 59 7 71 -- i 71 J, '"  " 1'1
-1- I--I" ! n arcaxting B nrcnating Bar coating Bar coating Bar coating
llarcoating Bar coating 9 "ne.     Itt - 0,5 0.0 0.15 0.15 0.15 015 0.15 0
0.15 5.15 140 140 140 140 140 140 140 140 140 . 140 140 140 Bar coaling Bar
nantirg B arcacuating 0 arooat'r.g 0.5 05 Q5 0.5 0.5 0.5 0.5 05 . 05 0.5 3,5
140 140 140 140 140 140 140 140 140 _ 140 140 140 0.0 1 0 0 65 



065 - - 0.65        Bar coa Ogrcoang Bar coating IF. _ Ear cretin acaatinp Ban
canting       Egnamtlim 0 or coaling e arocating n arocatinig Him coating
- 0.05   2  !I! El Cr coating Bar coating BnrantFn Bat- coat Bar coating Bar
coating - Bar coating Bar coating Oar coating Bar coat, 9 0.15 5.055 



1.5 3 15 I a 15 0,15 0 1 0.15 0 15 on o . 140 190 '- 190 140 140 140 '40 140
140 canting anti g bnrconUnit Barcaating 0.005 2.0 0.5 0.5 0 140 055 0.01 3.5
a eh i - --" - 4 0.65         14D 140 190 190 140 140 140  Co-mai:1m krarrAc
gala gm cnnae00 CGITI? alma ;flak coma de CPI It unl'Etili" Iktinala - - - Cc.
In rup - Example Maimale - - Lrrie' Example         



Bar coating Bar caati ng bar oantig " Cr canS ag           0 0.5 0.5
140 1413 140 -,-""- 140 0,65 -, 0,65 06      140 Ban  



tire Bar coating Bo rcoatirg 0.15 -... .0.15 015 4 110 Bar coating 0 ar cea
ting 05 0.5 05        140   140  I F,9,00 1-tanclo7 ExamalePO  Barcnatirg
Elarcoatire . 13 ar coatirg 015 015 0 1 . 140 140 rxaraaaung Snrcaatinp 05
0.50 140 40 140 140 



0.65     40 _ 140     coating 0 arcaxtiag           065  - 100 - [0164] [Table
3-3] Table 3-3  Test Treatment method of treatment liquid surface (A)I
Treatment method of surface treatment liquid (B) Total film Test levelsheet
Coating  DryingCoaling  Drying thickness  method Thickness lemperaluralmethodj
Tckness hi temperature   [ Type. TypeI m C.Lye  C um Example81  



Bar coating 015 140 Bar coating 0.5 140 0.65        140 -. 0.65 Example8200
Bar coating 0.15 140 Bar coating 0.5   --9       ----- Example !Li Bar coating
0.15 140 Bar coating 0.5 140 D.65 Example 84i) -- Bar coating 0.15  140 Bar
coating 



0.5 140 0.65 ..-. - Example   0.15 140      55 Bar coating   Bar coating 0.5
140 0.65 Example86 (f.) Bar coating 0.15 140 Bar coating 0.5 140 0.65 Example
87 (0 Bar coating 0.05 140 Bar coating 0.01 140 0.16 [xarrple 88 L 0 Bar
coating 0.15 140 j Oar coating 0.05 



140 0.2 E anIpq 89 I(n) Bar coating 0.15 140 Bar coating 0.1 140 025 Example
90 5) Bar coating 0.15 140 Bar coating 0.3 140 0.45 Example 91  Bar coating
0.15 140 Bar coating 1.0 140 1.15 Example 92 0 Bar coating 0.15 140 Bar
coating 2.0 140 2.15 Example 93 0 Bar coating 0.10 140 



Bar coating 0.3 140 0.4 . Example 94 G) Bar coating 0.10 140 Bar coating 1.0
140 1.1 Example 95 r 0) Bar coating 0.20 140 Bar coating 0.3 140 0 . Example
(i) Bar coating 0.20 140 Bar coating 1.0 140 1.20 ' Example  (i) Bar coating
0.05 140 Bar coating 2-5 140 2.55 ' Example  (i) Bar coating 



0.50 I140 Bar coating 0.01 140 0.51    Bar coating 0.50 1 Example 140 Bar
coating 2.5 140 3.00 Example 100 (i) Bar coating 0.01 140 Bar coating 0.01 140
0.02 Example 101 0) Bar coating 0.15 140 Bar coating 0.5 50 0.65 Example 02
(i)  Bar coating 0.15 140 Bar coating 0.5 100 0.65 Example 



103, (j)  Bar coating 0.15 140 Bar coating 0.5 200 0.65 Example 04 0) Oar
coating 9.15 140 Bar coating 0.5 250 0.65 Example 105 (i) Bar coating 0.15 140
Bar coating 0.5 350 0.65 Example  106  a) Bar coating 0.15  140 Bar coating
0.3 140 0.45 Example 107 0 I Bar coating 0.15 140 Bar coating 1.0 



140 1.15 Example. 108 (1) Bar coating 0.10 140 Bar coating 0.3 140 0.4
_Example 09 (i) Bar coating 0.10 140 Bar coating 1.0 140 1.1 Example 110 0)
Bar coating 0.20 140 Bar coating 0.3 140 0.5 LPamPle 111 0) Bar coating 0.20
1140 Bar coating 0 140 1.2 Corparativs Example 11 0 coaling' 0.15 



140  o - 0.15 Carparabre          Exempla eneparativa Example 11 114 0) - o 0
Bar coating Bar coating 0.5 140 0.5 0.5        0.5 140  CrplatiVe 115 I Bar
coating 0.15 140 Bar coating 



3.0 140 3.15 Exempla          Capperatin Example  1 Bar coating 0.15 140 Bar
coating 3.0 140 3.15 Example 117 ) Bar coating 0.15 140 Bar coating 0.5 140
0.65 Example 118 5 Bar coating 0.15 140 Bar coating 0.5 140 0.65 Example. I19
(0 Bar coating 



0.15 140 Bar coating 0.5 140 0.65 Example - - - _ 120  Boating ....--- 0.15
----- 0  Bar coating -  140 0.65  - 101 - [0165] [Table 3-41 Table 3-4
Treatment method of surfaceTreatment method of surface   Test treatment liquid
(A)I treatment liquid (B) Total film Test level sheet Cipating Thickness
DrYing Coahng Thickness Drying thickness   method   jieniDeraturj 



method  temperature   Type ..._ Type PMj CType PM C pili Example 121 6) Bar
coating 0.15 140 Bar coating 05 140j 0.65 Example 122 (i) Bar coating 0.15 140
Bar coating 0.5 1400.65 Example 123 (i) Bar coating 0.15 140 Bar coating 0.5
1400.65 Example 124 (i) Bar coating 0.15 140 Bar coating 



0.5 140j0.65 Example 125 _ .__ (i) ___...............___ Bar coating 0.15 140
0.5 140 0.65       Bar coating    Example 126 (i) Bar coating 0.15 140 Bar
coating 0-5 140 0.65 Example 127 (i) Bar coating 0.15 140 Bar coating 0.5
40_JL 0.65 Example 128 (i) Bar coating 0.15 



140 Bar coating 0.5 140 0.65 ' Example r...-____. 129 6) Bar coating     140
0.85     0.15 140 Bar coating 0.5   rExample 130 (i) Bar coating 0.15 140 Bar
coating 0.5 140 0.65 Example 131 (i) Bar coating 0.15 140 Bar coating 0.5 140
0.65   



,         Bar coating  140  Example 132 0) Bar coating 0.15 140  0.5  0.65
Example 133 (i) Bar coating 0.15 140 Bar coating 0.5 140 0.65 Example 134 (i)
Bar coating 0.15 140 Bar coating 0.01 140 0.16 



Example 135 (i) Bar coating 0.15 140 Bar coating 0.05 140 0.2 Example 136 6)
Bar coating 0.15 140 Bar coating 0.1 140 0.25 Example 137 (i) Bar coating 0.15
140 Bar coating 0.3 140 0.45 Example 138 (i) Bar coating 0.15 140 Bar coating
1.0 140 1.15 Example 139 (i) Bar coating 0.15 140 Bar coating 2.0 



140 2.15 Example 140 (i) Bar coating 0.10 140 Bar coating 0.3 140 0.40 Example
141 6) Bar coating 0.10 140 Bar coating L1.0 140 1.1 Example 142 0) Bar
coating 0.20 140 Bar coating 0.3 140 0.5 Example 143 (i) Bar coating 0.20 140
Bar coating 1.0 140 1.2 Example 144 (i) Bar coating 0.05 140 



Bar coating 2.5 140 2.55 Example 145 (i) Bar coating 0.50 140 Bar coating 0.01
140 0.51 Example 146 (i) Bar coating 0.50 140 Bar coating I2.5 140 3.0 Example
147 0) Bar coating 0.01 140 Bar coating 0.01 140 0.02 Example 148 0) Bar
coating 0.15 140 Bar coating 0.5 50 0.65 Example 149 0) Bar coating 



0.15 140 Bar coating 0.5 100 0.65 Example ..... 150 0) Bar coating 0.15 140
Bar coating 0.5 200 0.65 Example 151 0) Bar coating 0.15 140 Bar coating 0.5
250 0.65 Example 152 (0 Bar coating 0.15 140 Bar coating 0.5 350 0.65 Example
153 (i) Bar coating 0.15 140 Bar coating 0.5 140 0.65  Compareve Bxtrap.s 



Comnparawe 154 155 , I0) Bar coating 0.15 0.15 140 Bar coating Bar coating 0.5
0.5 140 140 0.65 0.65   (i) Bar coating  140     Ps           - 102 - (6)
Evaluation Test Method (6-1) Evaluation of Corrosion Resistance      Test
pieces each measuring 70 by 150 mm were cut out from each test sheet on which
the two films had been formed. The back surface and ends of each test piece
were sealed with a vinyl tape. The test pieces were subjected to a salt-water
spray test (SST) complying with JTS-Z-2371-2000. The corrosion resistance was
evaluated on the basis of the time required to cause the area proportion of
white rust to reach 5% during the salt-water spray test. Evaluation criteria
are described below. Evaluation criteria 0: The length of time the area
proportion of white rust reaches 5% is 240 hours or more. 0: The length of
time the area proportion of white rust reaches 5% is 192 hours or more and
less than 240 hours. 0-: The length of time the area proportion of white rust
reaches 5% is 144 hours or more and less than 192 hours. A: The length of time
the area proportion of white rust reaches 5% is 72 hours or more and less than
144 hours. x: The length of time the area proportion of white rust reaches 5%
is less than 72 hours. [0167] (6-2) Evaluation of Overcoatability (Adhesion.)
A commercially avaiLable melamine alkyd paint was 



- 103 - applied to test pieces each having the same size as described above in
such a manner that the resulting coating films each had a thickness of 30 pm
after baking at 140C for 30 minutes. The test pieces were immersed in boiling
water for 2 hours. Cuts extending to base steel were made on a surface of each
test piece with an NT cutter to form a grid pattern divided into 100 sections
each measuring 1 mm by 1 mm. The test piece was pushed out by 5 mm with an
Erichsen tester in such a manner that the cut portion faced outward_ The
Erichsen test was performed under the following conditions complying with
JIS-Z-2247-2006 (symbol of the Erichsen value: IE): punch diameter: 20 ram,
die diameter: 27 mm, and drawing width: 27 mm. After the Erichsen test, a tape
peel test was performed to evaluate the overcoatability (adhesion) on the
basis of the state of the coating film.Evaluation criteria are described
below. Evaluation criteria 0:Peeled area is zero and less than 5%. 0: Peeled
area is 5% or more and less than 10%. A: Peeled area is 10% or more and less
than 20%. x: Peeled area is 20% or more.   [0168] (6-3) Evaluation of
conductivity       The surface resistance of each of the test pieces was
measured using an ESP probe of Loresta GP (manufactured by  - 104 Mitsubishi
Chemical Analytech Co., Ltd). The surface resistance was measured while a load
on the probe was increased in increments of 50 g. The conductivity was
evaluated on the basis of the minimum load that allowed the surface resistance
to be 10-4 K2 or less. 0: The average load at 10 points is less than 400 g. 0:
The average load at 10 points is 400 g or more and less than COO g. 0-: The
average load at 10 points is 600 g or more and less than 800 g. A: The average
load at 10 points is 800 g or more and less than 950 g. x: The average load at
10 points is 950 g or more. [0169] (6-4) Evaluation of Shelf Stability
(Storage Stability)      Surface treatment liquids (A) having the compositions
described in Tables 1-1 to 1-4 were stored in a constant temperature oven set
at 40C for 30 days. The appearance of the surface treatment Liquids was
visually evaluated. 0: No change is observed. 0: Extraordinarily minute
amounts of precipitates are observed. A: Minute amounts of precipitates are
observed. Alternatively, the viscosity is slightly increased. x: Large amounts
of precipitates are observed. Alternatively,  - 105 - gelatin occurs [0170]
Evaluations described in items (6-1) to (6-4) were performed for the
zinc-based metal coated steel sheets produced by use of the surface treatment
liquids described in examples and comparative examples. The evaluation results
are described in Tables 4-1. to 4-4.      Note that in. Comparative Examples
59 and 52, the surface treatment liquids were unstable, thus failing to form a
film. So, the. evaluations were not performed. [01711  



- 106 - [Table 4-1] Table 4-1 Test level Corrosion resistance Adhesion
Conductivity Shelf stability Example 1 (6) - 0 . 0 0 Example 2 0  (c) 0    @
Example 3 C) 0 C)  Example 4 0 0 @ a Example 5 (c) (c)  @ Example 6 



@ 0 a  Example 7 0 0 a a Example _ _..... _  @ 0 0 0 ._ Example  0  00 @
Example 10 09 o  Example 11 0 (c)63 63 Example 12 0 00 0 Example 13   0 @
Example _ 14 a  



Example 15 @  (6) Example 16 0 - 0 @ Example 17 0 @ @  Example 18   0 0
Example 19 0 @ T (c) 0 Example 20 @  0 Example 21 @ 00 @ Example 22 @   0
Example 23 0 



()-  Example 24 0 @0 @ Example 25 @ @0 0 Example 26 @  @ Example 27 @ 00 @
Example 28 @ 0  Example 29 @ @0 @ Example 30 0  0 Example 31 @ 00 @ Example 32
0 63 @ @ 



Example 33 @ 63 0  Example 34 ,   Example 35    Example 36    Example 37  Hi
oi  Example 38    Example 39    Example 40     - 107 -  [0172] [Table 4-2]  -
108 - Table 4-2 



Test level Corrosion resistance Adhesion Conductivity Shelf stability Example
41 @ a 0' 0 0 0 Example 42 43 n  0 0 Example  a   0 0 Example 44 0    Example
45 0 0 0 a Example 46     Example - Example 



Example 47 48 49 50  a 0 II @ @ 0,   .0 a 0    0 0 P 0  Example  a    Example
51 a 0     Example -"CPI:el-Z.4W    Example_ ---Comparative Example
Comparative Exarmsla Comparative Example Comparative Emmale 52 -53 E[ 1 



ien 0 x xl x x 0 1.11 1j 11i'I,? , 111 11 0 x- 0 OF  0 0 x 11 i 1. 1i1 6 o < <
@ 4 < @r1< or o < 1 r rI_   54 55      56 57     Comparative Exam* Comparative
__Example 58      59 - " -  Comparative Example 



60 x 0  A Comparative Example 61 x     - Comparative Example 62 - -
Comparative Example 63 0 x x 0 . Comparative Example 64 0    Comparative
Examle 65 x 0 0 X X 11 x a x a! a o o Comparative EWA&  Comparative Example 66
67 



0          Comparative Example 68     Comparative Example 69 X    Comparative
Example 70  X    Comparative Example 71 x I - x0 (c) I I I 0101 @ 1  0 1 '
Comparative Example Example 



Example Example 72 73 74 75  X 0-  - 0    Example 76 0    Example Example 77
78 0 0 0 0 @ @I @I 1 1 0 0 (F?)       a A Example Example 79 80     



0   - 109 - [0173] [Table 4-3] Table 4-3 Test level Corrosion resistance
Adhesion Conductivity j Shelf stability Example 81  0  0    Example 82
Example 83  0  0    Example 84  0  0  



Example 85  0      Example 86  0  (c)    Example 87  _ -  0  0  j___ 0 Example
88  0  a   0 Example 89  0  0   0 



Example 90  0  0   _ Example 91  0   0  0 Example 92  n  n 0-  0 Example 93  0
0 0 - .. _  0  Example 94  0  0 0  0 Example 



95   0  0 0   Example ..,......._______ 96  0  0 - 0   Example 97  0   0 0  0
Example 98  0      Example 99     0-   Example 100 



A      Example 101  0-   O   Example 102  0  0 0   Example 103    0    Example
104  0   0  0 Example 105    



Example _ 106     0   Example 107        Example 108       0 Example 109     0
0 Example_ _ _1:10      



Example 111  0  0 1.7M3111n 0  0  112        , I *I@ @ 1,  Comparalive 113
Ommarative 114        ComDwalive      



Exam& 115    C    anDwalive         Exanie 116        Example 117
Example 118        



Example 119        Example 120  [  oli 0   Q.  - 110 - [0174] [Table 4-4]
Table 4-4 Test level 121 122 Corrosion resistanceL Adhesion Conch.-ictiThTiTd
Shelf stability -Example Example  0) 0 0 0 0 0_   0    Example   123  



Example 124  a a 0 Example 125  0  0 Example 126  0 0 CO) Example 127   _ 0 0
Example 128  0 0 0 Example 129  0  0 Example 130 L_ 0 0 0 Example 131   ._  



Example 132    a Example 133 _ co)    Example 134 0  0 (g) Example 135 0 0 @ a
Example 136 0  0 0 Example 137 0 0  0 Example 138 0 * 0 0 Example 139 0  



--  Example 140 0 0 0  Example 141   0 0  Example 142 0   0  Example 143 0  0
Example 144 0 0 0 0 Example 145 0 0   Example 146    1' @ @ @ , Example 147 



- 0   Example 148  0- 0   Example 149 0    Example 150 0 0   Example 151 0 0
0 Example 152 -- (c)   Example 153 0- A - 0 Comparative      Example 154 



x x 0 0 Comparative 155     Example  x x A __.0.  [0175]  based metal coated
steel sheets according to the present invention has excellent corrosion
resistance, adhesion, and conductivity even if the steel sheet is in contact
with, for example, a gasket at a low contact pressure. In contrast, in each of
the comparative examples, in which any of the requirements is outside the
appropriate range of the present invention, at least one of the corrosion
resistance, adhesion, conductivity, and shelf stability was not sufficient_
Industrial Applicability [0176]      It is possible to provide a zinc-based
metal coated steel sheet including a film free from a pollution control.
substance, such as hexavalent chromium, the steel sheet having excellent
properties, such as corrosion resistance and adhesion, and having excellent
conductivity even under severe conditions where the steel sheet is in contact
with, for example, a gasket at a low contact pressure, in particular, without
reducing corrosion resistance. So, the zinc-based metal coated steel sheet of
the present invention is significantly useful for components for use in, for
example, automobiles, household electrical appliances, and OA equipment.  -
112 - CLAIMS [Claim 1] A zinc-based metal coated steel sheet comprising:
a surface film arranged on a surface of a zinc-based metal coated layer, the
surface film having a two-layer structure including a first layer and a second
layer,      wherein the first layer is formed by applying a surface treatment
liquid (A) for a zinc-based metal coated steel sheet to the surface of the
zinc-based metal coated layer and performing drying by heating, the surface
treatment liquid (A) containing a resin emulsion (a) that contains a cationic
urethane resin emulsion (a-1) and/or a nonionic acrylic resin emulsion (a-2),
the cationic urethane resin emulsion (a-1.) containing at least one cationic
functional group selected from primary to tertiary amino groups and quaternary
ammonium salt groups, a tetraalkoxysilane (b), at least one silane coupling
agent (c) that contains at least one reactive functional group selected from
active hydrogen-containing amino groups, an epoxy group, a mercapto group, and
a methacryloxy group, a chelating agent (d), a vanadic acid compound (e), a
titanium compound (f), and water, the surface treatment liquid (A) having a pH
of 3 to 6 and being adjusted so as to satisfy requirements (T) to (V)
described below, wherein the second layer is formed by applying a surface
treaTment liquid (B) that contains an organic resin  - 113 -  (g) to a surface
of the first Layer and performing drying by heating, and wherein the total
thickness of the first layer and the second layer is in the range of 0.1 to
3.0 pm per side:  (I) the proportion of the solid (as) of the resin emulsion
(a) is in the range of 11% to 45% by mass with respect to the total solid of
the treatment liquid;  (II) the ratio by mass of the solid of the silane
coupling agent (c) to the solid of the resin emulsion (a), i.e., (c3/a5), is
in the range of 1.51 to 5.35;  (III) the ratio by mass of the solid of the
tetraalkoxysilane (b) to the solid of the chelating agent (d), i.e., (bs/ds),
is in the range of 0.15 to 1.49;  (IV) the ratio of the mass (ev) of the
vanadic acid compound (e) in terms of V to the mass of the solid (dc) of the
chel.ating agent (d), i.e., (ev/ds), is in the range of 0.03 to 0.23; and  (V)
the ratio of the mass (fT) of the titanium compound (f) in terms of Ti to the
mass of the solid (ds) of the chelating agent (d), i.e., (fT/ds), is in the
range of 0.02 to 0.19. [Claim 2]      The zinc-based metal coated steel sheet
according to Claim 1, wherein the organic resin (g) in the surface treatment
liquid (E) contains an organic resin (9-1) that  - 114 - contains an OH group
and/or a COON group. [Claim 3]      The zinc-based metal coated steel sheet
according to Claim 1, wherein the organic resin (g) in the surface treatment
liquid (B) contains a hydrazine-modified organic resin (g-2) formed by
reaction with an active hydrogen-containing compound (i) composed of a
hydrazine derivative (h) in which some or all of compounds contain active
hydrogen. [Claim 4]      The zinc-based metal coated steel sheet according to
any one of Claims 1 to 3, wherein the surface treatment liquid (B) further
contains a rust preventive additive (j). [Claim 5] 



The zinc-based metal coated steel sheet according to Claim 4, wherein the rust
Preventive additive (j) contains (k) and/or (1) described below, the
proportion of the rust preventive additive (k) is in the range of 1 to 100
parts by mass in terms of the solid content with respect to the total amount
of 100 parts by mass of the organic resin. (g) in the surface treatment liquid
(B): (k) Ca ion-exchanged silica; and (1) silicon oxide. LClaim 6] The
zinc-based metal coated steel sheet according to  - 115 -     one of Claims 1
to 5, wherein the surface treatment liquid (B) further contains a lubr 


