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(57) Abstract: This steel sheet plated with aluminum-containing zinc comprises a plated steel sheet and a coating film with which
the plated steel sheet is coated. The coating film comprises: a basic compound of a transition metal which is neither cobalt nor chro -
mium; and either cobalt metal or both cobalt metal and a cobalt compound. The amount of the coating film deposited on each sur-
face is 0.01-0.8 g/m*. The deposition amount in mass of the transition metals excluding cobalt in the coating film per surface of the
plated steel sheet is 4-400 mg/m?. The deposition amount in mass of the cobalt in the coating film per surface of the plated steel
sheet is 0.1-20 mg/m?.
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ALUMINUM-ZINC PLATED STEEL SHEET AND METHOD FOR PRODUCING THE

SAME

TECHNICAL FIELD
oo
The present invention relates to an aluminum-zine plated steel sheet and a method for

producing the same,

BACKGROUND ART

f0002]

A plated steel sheet with plating of an aluminum-zine alloy (aluminum-zine plated steel
sheet) has a high corrosion rvesistance compared with a hot-dip galvanized steel sheet. A
steel sheet plated with an aluminum -zine alloy having an aluminoem percentage of about 55%
by mass, 1.2, a high aluminum-content zine plated steel sheet, has particularly high corrosion
resistance, and also has excellent heat resistance and heat reflectivity.  Thus, in recent years,
aluminum-zinc plated steel sheets have become widely used in building material products
such as roofing materials and wall materials, construction materials such as guardrails,
sound insulating walls, snow fences, and gutters, materials for cars, home appliances, and

industrial equipment, and moreover for use in bases for painted stecl sheets.

L0003
As a result of the aluminum-zine plated steel sheet being painted, it has muoch higher

CoOTTosion resistance.



[0004]

However, the aluminum-zinc plated steel sheets are sometimes stored temporarily before the
aluminum-zinc plated steel sheets are painted, resulting in the occurrence of black rust or
white rust. If the aluminum-zinc plated steel sheet is stored in a high temperature and high
humidity atmosphere, blackening may also occur. In particular, if water droplets adhere to
the surface of the aluminum-zinc plated steel sheet due to condensation, blackening is likely
to occur selectively in the areas where the water droplets adhere. As a result, not only does
the external appearance of the aluminum-zinc plated steel sheet deteriorate, but also the
surface composition is not uniform, as a result of which corrosion resistance is reduced and if
painting is performed, the adherence of the aluminum-zinc plated steel sheet to a coating film

formed by painting is reduced.

[0005]

Therefore, conventionally, a surface treatment for improving corrosion resistance and
blackening resistance is performed on the aluminum-zinc plated steel sheet. In the past, a
chromate treatment, a treatment for forming a resin covering film including chromium, or the
like has been performed. However, recently there is a demand not to use chromium from the
point of view of environmental protection and the like, and thus an attempt has been made to

use a surface treatment agent that does not contain chromium.

[0006]

For example, JP 2003-201578 A (hereinafter, referred to as Document 1) discloses that a
covering film is formed from a surface treatment agent containing an urethane resin,
N-methylpyrrolidone, a zirconium metallic compound, and a silane coupling agent. JP

S57-39314 B (hereinafter, referred to as Document 2) discloses that a protective coverage is

2
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formed from an acidic solution having a pH of 2 to 4 that contains at least one of Ti salts and
Zr salts, and HeOz and at least one of phosphorie acid, condensed phosphoric acids and
derivatives of phosphoric acid. JP 3892173 B2 (heveinafter, referred to as Document 3)
discloses that a treatment is performed on a wetal surface using a non-chromate-type
compesition for metal surface treatment containing a metal acetylacetonate and at least one
of a water-soluble inorganic titanivum compound and a water-soluble morganie zirconium

compound in a specific ratio.

{0007

However, with the method described in Document 1, if alkaline cleaning is performed on the
aluminom-zine plated steel sheet before painting, the covering film 1s sometimes partially
peeled off, resulting in wnevenness in the appearance thereof after painting. The covering
fiims formed by the methods described in Documents 2 and 3 contain a large amount of
soluble salts such as phosphorus compounds and fluorine compounds.,  Therefore, the
covering film is hikely to elute coluble salts in a high temperature and high humidity
atmosphere. Furthermore, these soluble salte are likely to be eluted therefrom in alkaline
cleaning. Thus, the corrosion resistance and blackening resistance of the aluminum-zine

plated steel sheet are reduced.

SUMMARY OF INVENTION

tO008]

The present invention has been made in view of the above-described issues, and it will
therefore be appreciated that it may be desirable to provide an aluminum-zine plated steel
sheet with high corrosion resistance and blackening resistance on which a surface treatment
is performed using a surface treatment agent that does not contain chromium, and to inhibit

these properties from decreasing due to adhesion of an alkaline solution or moisture.

[3]
[
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L0009
An aluminum-zine plated steel sheet according to a first aspect of the present invention
comprises:
a plated steel sheet; and
a covering film that covers the plated steel sheet,
the covering film containing:
a basic compound of transition metal other than cobalt and chromium! and
metallic cobalt, or metallic cobalt and a cobalt compound,
an amount of the covering film per one side of the plated steel sheet being within a
range of 0.01 to 0.8 g/m?,
an amovnt i terms of mass of transition metal other than cobalt in the covering film
per one side of the plated steel sheet being within a range of 4 10 400 mg/m?,
an amount i terms of mass of cobalt in the covering film per one side of the plated
steel sheet being within a range of 0.1 to 20 mg/m?2, and
a percentage of a total amount of a phosphorus compound and a fluorine compound in

the covering film being 1% by mass or less.

{0009l

if the covering film is formed only on a surface of the plated steel sheet, an amount of a
covering film per one side of a plated steel sheet refers to mass of the covering film on the
surface of the plated steel sheet per unit area, and if the covering flm is formed on both a
surface and a surface opposite to the surface, the amount of the covering film per one side of a
plated steel sheet vefers to mass of the covering film on each surface thereof per unit area.
An amount in terms of mass of traneition metal other than cobalt refers to mass of transition

metal other than cobalt per in the covering film unit area derived from the total mass of

43
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transition metal atoms other thao cobalt that are present in the covering film. The
transition metal atoms can be present in a simple substance or 1 a compound.  An amount
int terms of mass of cobalt refers to mass of cobalt in the covering {ilm per unit area derived

from the total mass of cobalt atoms that are present in the covering film. The cobalt atoms

may be present in a simple substance or in a compound,

(0010}

4b
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Thus, the aluminum-zinc plated steel sheet according to the first aspoct of the present
mvention has excellent corrosion resistance, blackening vewstance, alkali-resistance, and
condensation resistance. In the present description, alkali-resistance means an ability of a
substance not to be affected by corvesion. blackening, and discoloration resulting from
exposure to an alkaline solution, and condensation resistance means an ability of a substance
not to be affected by covrosion, blackening, and discoloration resulting from adhesion of
moisture, The aluminum-zine plated steel sheet according to the first aspect of the present
invention has also excellent heat discoloration resistance. Furthermore, in the case where
painting is performed on the aluminum -zine plated stecl sheet according to the first aspect of
the present invention, the aluminum-zine plated steel sheet has high adherence to a coating

film.

(0011}

In an aluminwm-zine plated steel sheet aceording to a second aspect of the present invention
realized in combination with the first aspect, the amount in terms of mass of cobalt in the
covering film is greater than 0.5 mg/m? and not greater than 20 mg/m2 In this case, the
aluminum-zinc plated steel sheet has particularly excellent corrosion resistance and

alkali-resistance.

{0012

in an aluminum-zine plated steel sheet aceording to a third aspect of the present invention
realized in combination with the first or second aspect, the plated steel sheet includes a
plating layer containing zine and aluminum, and a percentage of aluminwun in the plating

a4
¢

layer is within a range of 1% by mass to 75% by mass. In this case, the aluminuwm-zine
Y 3

lated steel sheet has particularly excellent corrosion resistance and alkali-resistance.
] ! Yy
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(0013

in an alominum - zine plated steel sheet according to a fourth aspect of the present invention
realized in combimation with the third aspect, the plating layer contains magnesium, and a
percentage of magnesiumn in the plating layer is greater than 0% by mass and not greater
than 6.0% by mass. In this case, the aluminum-zine plated steel sheet has particularly

excellent corrosion resistance and alkali-resistance.

f0014]

In an aluminum-zine plated steel sheet according to a fifth aspect of the present invention
realized in combination with the third or fourth aspect, the plating layer contains 5i so that a
percentage by mass of 51 to aluminom in the plating layer is within a range of 0.1% to 10%.
In this case, the aluminum-zinc plated steel sheet has particularly excellent corrosion

resistance.

100151

In an aluminum-zinc plated steel sheet according to a sixth aspect of the present invention
realized in combination with any one of the third to fifth aspects, the plating layer contains at
least one of! Ni in an amount of greater than 0% by mass and not greater than 1% by mass of
the plating layer; and Cr in an amount of greater than (% by mass and not greater than 1%
by mass of the plating layer. In this case, the aluminuwm-zine plated steel sheet has

particudarly excelient corrosion resistance.

0016}
in an aluminum-zine plated steel sheet aceording to a seventh aspect of the present invention
realized in combination with any one of the third to sixth aspects, the plating layer contains

at least one of Ca in an amount of greater than 0% by mass and not greater than
Y g
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(.5% by mass of the plating layer; Sr in an amount of greater than 0% by mass and not
greater than 0.5% by mass of the plating layer! Y in an amount of greater than (% by mass
and not greater than 0.5% by mass of the plating layer; La in an amount of greater than 0% by
mass and not greater than (0.5% by mass of the plating layer; and Ce in an amount of greater
than 0% by mass and not greater than 0.5% by mass of the plating layer. In this case, the
alummum-zine plated steel sheet has particularly excellent covrosion resistance, and the

occurrence of defects on the surface of the plated steel sheet is suppressed.

0017

In an aluminum-zine plated stecl sheet according to an eighth aspect of the present invention
realized in combination with any one of the first to seventh aspects, the transition metal in
the basic compound includes zircomium. In this case, the aluminum-zince plated steel sheet

has particudarly excellent corrosion resistance, blackening resistance, and alkali-resistance.

10018}

In an aluminum-zine plated steel sheet according to a ninth aspect of the present invention
realized in combination with any one of the first to eighth aspects, the transition metal in the
basic compound is at least one sclected from a group consisting of zirconium, vanadium,
molybdenum, and niobium. [t is also preferable that the transition metal in the basic
compound includes zirconium and at least one selected from a group consisting of vanadiam,
molybdenum, and niobium. In this case, the aluminum-zinc plated steel sheet has

sarticularly excellent corvosion resistance, blackening resistance, and alkali-resistance.
Y :

In an aluminum-zine plated steel sheet according to a tenth aspect of the present invention
ta] K

-3
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realized in combination with any one of the first to ninth aspects, the covering film 1s formed through
applying an agqueous surface regulator onto the plated steel sheet and dryving the agueous surface
regulator on the plated stecl sheet, the aqueous surface regulator having a pH of 7.5 to 10 and
containing a basic compound (A) of transition metal other than cobalt and chromium. a cobalt
compound (B), and water. In this case, it is possible to provide the aluminum -zinc plated steel sheet
with particularly excellent corrosion resistance, hlackening resistance, and alkali-resistance by a

simplified treatment,

{0020}

In an aluminum-zine plated steel sheet according to an eleventh aspect of the present invention
realized in combination with the tenth aspect, a peak metal temperature of the plated steel sheet in
drying the aqueous surface regulator on the plated steel sheet is within a range of 40 to 200°C. In
this case, the alwminum-zine plated steel sheet has particularly excellent corrosion resistance and

blackening resistance.

o021l
A method for producing an aluminum-zine plated steel sheet according to a twelfth aspect of the
present invention comprises a step of forming a covering film through applying an aqueous sarface
regulator onto a plated steel sheet and drying the agueous surface regulator on the plated steel sheet,
the aqueous surface regulator having a pH of 7.5 to 10 and containing a basic compound (A) of
transition metal other than cobalt and chromium, a cobalt compound (B), and water,

wherein a percentage of a total amount of a phosphorus compound and a fluorine compound

in the covering film is 1% by mass or less,
{0022}
Thus, 1t 1s possible o provide the aluminum-zinc plated steel sheet with excellent corrosion

resistance, blackening resistance, and alkali-vresistance by a simplified treatment.

8
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Furthermore, it is possible to provide the aluminum-zinc plated stecl sheet with excellent
heat discoloration resistance, and also high adherence to a coating film formed by painting

the aluminum-zine plated stecl sheet.

{00231
Moreover, the aluminum-zine plated steel sheet with excellent properties can be provided by a
simplified treatment without performing multiple complex treatments, and therefore it is also

possible to reduce manufacturing cost and down size manufacturing lines,

f0024]

In a method for producing an aluminum-zine plated steel sheet according to a thirteenth
aspect of the present invention realized in combination with the twelfth aspect, a peak metal
temperature of the plated steel sheet in drying the agueous surface regulator on the plated
steel sheet is within a range of 40 to 200°C, In this case, it 1s possible to provide the

alupinum-zing plated steel sheet with particularly excellent alkali-resistance.

In a method for producing an aluminum-zine plated steel sheet according to a fourteenth
aspect of the present invention realized in combination with the twelfth or thirteenth aspect,
a mass ratio of an amount of atoms of cobalt contained in the cobalt compound (B) to a total
amount of the basic compound (A) is within a range of /10 to 1/1000. In this case, it is
possible to provide the aluminoem-zinc plated steel sheet with particalarly excellent

condensation resistance.

BRIEF DESCRIPTION OF THE DRAWINGS

10026}

o)

o



FIG. 1 is a cross-sectional view showing an aluminum-zinc plated steel sheet according to an
embodiment of the present invention;

FIG. 2 is a graph showing a chart obtained by analyzing a covering film of an aluminum-zinc
plated steel sheet of Example 1 of the present invention using X-ray photoelectron
spectroscopy;

FIG. 3 is a graph showing another chart obtained by analyzing the covering film of the
aluminum-zinc plated steel sheet of Example 1 of the present invention using X-ray
photoelectron spectroscopy; and

FIG. 4 is a graph showing another chart obtained by analyzing the covering film of the
aluminum-zinc plated steel sheet of Example 1 of the present invention using X-ray

photoelectron spectroscopy.

DESCRIPTION OF EMBODIMENTS
[0027]
One embodiment of the present invention will now be described hereinafter. FIG. 1 shows an

aluminum-zinc plated steel sheet 1 according to the present embodiment.

[0028]

An aluminum-zinc plated steel sheet 1 according to the present embodiment includes a plated
steel sheet 2 and a covering film 3 that covers this plated steel sheet 2. The covering film 3 is
made from an aqueous surface regulator. Furthermore, the aluminum-zinc plated steel
sheet 1 may include one or more layers which are on the covering film 3 and different from the
covering film 3. KExamples of the layers different from the covering film 3 include a

composite covering film containing resin or the like.

10029]
10



The plated steel sheet 2 includes a steel sheet 4 and a plating layer 5 that covers this steel
sheet 4. The plating layer 5 is formed through known means, such as immersion of the steel

sheet 4 in a molten metal bath or the like.

[0030]

It is preferable that the plating layer 5 contains zinc and aluminum as constituent elements.
It is also preferable that the plating layer 5 further contains magnesium. If the plating layer
5 contains zinc and aluminum, the surface of the plating layer 5 is covered with a thin
aluminum oxide covering film. This oxide covering film offers a protective effect, which
particularly leads to improvement of corrosion resistance of the surface of the plating layer 5.
Furthermore, zinc may cause a sacrificial corrosion-preventive effect, which leads to
suppression of edge creep at an end face of the aluminum-zine plated steel sheet 1. Thus, the
aluminum-zinc plated steel sheet 1 has particularly high corrosion resistance. If the plating
layer 5 further contains magnesium that is a less noble metal than zinc, the protective effect
caused by aluminum and the sacrificial corrosion-preventive effect caused by zinc derived
from the plating layer 5 are both enhanced, and thus the corrosion resistance of the

aluminum-zinc plated steel sheet 1 is further improved.

[0031]

It is preferable that a percentage of aluminum in the plating layer 5 is within a range of 1 to
75% by mass. It is more preferable that this percentage is not less than 5% by mass. It is
also preferable that the percentage is not greater than 65% by mass, and it is further
preferable that the percentage is not greater than 15% by mass. If the percentage of
aluminum is not less than 5% by mass, aluminum is first solidified in forming the plating
layer 5, and therefore a protective effect by the aluminum oxide covering film is easily

exhibited. If the percentage of aluminum is within a range of 45 to 656% by mass, in the

11



plated steel sheet 5 a protective effect by aluminum is mainly exhibited, and in addition to
this, the sacrificial corrosion-preventive effect by zinc is also exhibited, and thus the corrosion
resistance of the aluminum-zinc plated steel sheet 1 is particularly improved. Furthermore,
if the percentage of aluminum is within a range of 5 to 15% by mass, in the plating layer 5 the
sacrificial corrosion-preventive effect by zinc is mainly exhibited, and in addition to this, the
protective effect by aluminum is also exhibited, and thus the corrosion resistance of the

aluminum-zinc plated steel sheet 1 is particularly improved.

[0032]

It is preferable that a percentage of magnesium in the plating layer 5 is greater than 0% by
mass and not greater than 6.0% by mass. In particular, if this percentage of magnesium
therein is not less than 0.1% by mass, effects resulting from the addition of magnesium is
clearly exhibited. It is more preferable that the percentage thereofis within a range of 1.0 to

5.0% by mass, because an effect of improving the corrosion resistance is successfully achieved.

[0033]
The plating layer 5 may contain at least one selected from Si, Ni, Ce, Cr, Fe, Ca, Sr, and rare

earth elements as constituent elements.

[0034]

In the case where the plating layer 5 contains at least one selected from Ni, Cr; alkaline earth
metal elements such as Ca and Sr; and rare earth elements such as Y, La, and Ce, the
protective effect by aluminum in the plating layer 5 and the sacrificial corrosion-preventive
effect by zinc are both enhanced, and thus the corrosion resistance of the aluminum-zinc

plated steel sheet 1 is further improved.

12



[0035]

In particular, it is preferable that the plating layer 5 contains at least one of Ni and Cr. In
the case where the plating layer 5 contains Ni, a percentage of Ni in the plating layer 5 is
preferably greater than 0% by mass and not greater than 1% by mass. It is further
preferable that this percentage is within a range of 0.01 to 0.5% by mass. In the case where
the plating layer 5 contains Cr, a percentage of Cr in the plating layer 5 is preferably greater
than 0% by mass and not greater than 1% by mass. It is further preferable that this
percentage is within a range of 0.01 to 0.5% by mass. In these cases, the corrosion resistance
of the aluminum-zine plated steel sheet 1 is particularly improved. In order to improve the
corrosion resistance, it is preferable that Ni and Cr are present near the interface between the
steel sheet 4 and the plating layer 5, and alternatively Ni and Cr in the plating layer 5 each
have an uneven concentration distribution such that the concentration becomes greater

towards the steel sheet 4.

[0036]

It is also preferable that the plating layer 5 contains at least one of Ca, Sr, Y, La, and Ce. In
the case where the plating layer 5 contains Ca, a percentage of Ca in the plating layer 5 is
preferably greater than 0% and not greater than 0.5% by mass. It is further preferable that
this percentage is within a range of 0.001 to 0.1% by mass. In the case where the plating
layer 5 contains Sr, a percentage of Sr in the plating layer 5 is preferably greater than 0% and
not greater than 0.5% by mass. It is further preferable that this percentage is within a range
0of 0.001 to 0.1% by mass. In the case where the plating layer 5 contains Y, a percentage of Y
in the plating layer 5 is preferably greater than 0% and not greater than 0.5% by mass. It is
further preferable that this percentage is within a range of 0.001 to 0.1% by mass. In the
case where the plating layer 5 contains La, a percentage of La in the plating layer 5 is

preferably greater than 0% and not greater than 0.5% by mass. It is further preferable that
13



this percentage is within a range of 0.001 to 0.1% by mass. In the case where the plating
layer 5 contains Ce, a percentage of Ce in the plating layer 5 is preferably greater than 0%
and not greater than 0.5% by mass. It is further preferable that this percentage is within a
range of 0.001 to 0.1% by mass. In these cases, the corrosion resistance of the
aluminum-zinc plated steel sheet 1 is particularly improved, and an effect of suppressing

defects on the surface of the plating layer 5 is expected to be achieved.

[0037]

In the case where the plating layer 5 contains Si, the aluminum-zinc plated steel sheet 1 has
improved mechanical processability. This is because Si suppresses growth of an alloy layer
in the interface between the plating layer 5 and the steel sheet 4, and thus appropriate
adherence between the plating layer 5 and the steel sheet 4 can be maintained and
processability is improved. Furthermore, it is expected that Si forms an alloy together with
magnesium and this leads to further improvement of the corrosion resistance of the
aluminum-zinc plated steel sheet 1. In the case where the plating layer 5 contains Si, a
percentage by mass of Si to Al in the plating layer 5 is preferably within a range of 0.1 to 10%.
In this case, the mechanical processability of the aluminum-zinc plated steel sheet 1 and the
corrosion resistance of part of the aluminum-zinc plated steel sheet 1 resulting from
mechanical processing are further improved. It is further preferable that the percentage by

mass of Si to Al therein is within a range of 1 to 5%.

[0038]

The plating layer 5 may contain one or more elements other than zinc, aluminum, magnesium,
Si, Ni, Ce, Cr, Fe, Ca, Sr, and rare earth elements. For example, the plating layer 5 may
contain at least one selected from the group consisting of Pb, Sn, Co, B, Mn, and Cu. The one

or more elements other than zinc, aluminum, magnesium, Si, Ni, Ce, Cr, Fe, Ca, Sr, and rare
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earth elements may be contained in the plating layer 5 as constituent elements, and be
inevitably mixed in the plating layer 5 due to being eluted from the steel sheet 4 or being
present as impurities in a raw material in a plating bath. It is preferable that a percentage
of a total amount of the one or more elements other than zinc, aluminiu, magnesium, Si, Ni,
Ce, Cr, Fe, Ca, Sr, and rare earth elements in the plating layer 5 is not greater than 0.1% by

mass.

[0039]

In the case of obtaining the plated steel sheet 2 through plating the steel sheet 4, in order to
improve plating wettability, plating adherence of the steel sheet 4, and the like, alkaline
degreasing or pickling may be performed on the steel sheet 4 before the steel sheet 4 is
immersed in a molten metal bath, and alternatively a flux treatment may be performed using
zinc chloride, ammonium chloride, or another chemical agent. Examples of another method
for plating the steel sheet 4 include a method of preheating the steel sheet 4 in a non-oxidizing
furnace and then subjecting the steel sheet 4 to reduction annealing in a reducing furnace and
subsequently immersing the steel sheet 4 in the molten metal bath and then taking out the
steel sheet 4 from the bath. Moreover, examples of a method for plating the steel sheet 4
include a method of using a full-reducing furnace. In any method described above, molten
metal is made adhere to the steel sheet 4, the amount of adhering molten metal is adjusted by
a gas wiping method, and then the steel sheet 4 with the molten metal is cooled to obtain the

plated steel sheet 2. These processes can be sequentially performed.

[0040]
In preparing the molten metal bath, an alloy may be prepared in advance to have a
composition suitable for the plated steel sheet 2 used in the present embodiment and then be

heated and melted, or a combination of one or more single metal and/or one or more alloys of
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more than two types of metal may be heated and melted to prepare the molten metal bath
having a predetermined composition. In order to heat and melt metal, metal may be directly
melted in a plating pot, and alternatively metal may be melted in a preliminary melting
furnace in advance and then transferred to a plating pot. In the case where the preliminary
melting furnace is used, the cost of installing the equipment is increased, but there are
advantages in that impurities such as dross resulting from melting metal can be easily

removed and the temperature of the molten metal bath can be easily maintained.

[0041]

To clean the plated steel sheet 2 by removing oil and unwanted substances, the plated steel
sheet 2 may be washed with a washing agent before formation of the covering film 3.
Examples of the washing agent include known washing agents produced by mixing inorganic
components such as acidic components or alkaline components, a chelating agent, a
surfactant, and the like. The pH of the washing agent can be any value, that is, the washing
agent may be either alkaline or acidic as long as the capability of the aluminum-zinc plated

steel sheet 1 is not degraded.

[0042]
The aqueous surface regulator used for forming the covering film 3 on the plated steel sheet 2

and the covering film 3 made from the aqueous surface regulator will be described.

[0043]

The aqueous surface regulator and the covering film 3 made from this aqueous surface
regulator do not contain metallic chromium or a chromium compound. This means that the
metallic chromium or a chromium compound is not added to the aqueous surface regulator

and the covering film 3, except when they are inevitably mixed therein.
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[0044]

The aqueous surface regulator has a pH of 7.5 to 10 and contains a basic compound (A) of
transition metal other than cobalt and chromium, a cobalt compound (B), and water. The
covering film 3 made from such an aqueous surface regulator contains a basic compound of
transition metal other than cobalt and chromium, and metallic cobalt, or metallic cobalt and a

cobalt compound.

[0045]

For example, the aqueous surface regulator has a pH of 7.5 to 10 and contains a basic
compound (A), a cobalt compound (B), and water. The covering film 3 made from such an
aqueous surface regulator contains a basic zirconium compound, and metallic cobalt, or

metallic cobalt and a cobalt compound, for example.

[0046]

The aqueous surface regulator is alkaline, that is, has a pH of 7.5 to 10, and thus has an
advantage in processing. If the aqueous surface regulator is acidic, the components of the
plating layer 5 are likely to be eluted therefrom, and thus the original properties of the
plating layer 5 cannot be exhibited to the maximum extent. Furthermore, if the covering
film 3 is made from an acidic aqueous surface regulator, soluble salts are likely to be present
in the covering film 3, resulting in reduced alkali-resistance and condensation resistance of
the aluminum-zinc plated steel sheet 1 as well as reduced corrosion resistance and blackening

resistance thereof.

[0047]

In the case where the plating layer 5 contains magnesium, the aqueous surface regulator is
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preferably alkaline rather than acidic. If the aqueous surface regulator is acidic, magnesium
is likely to be eluted from the plating layer 5. In contrast, if the aqueous surface regulator is
alkaline, magnesium is unlikely to elute from the plating layer 5, and thus the surface of the
plating layer 5 is unlikely to be damaged. Accordingly, it is possible to make use of the
properties of the plating layer 5 and synergistically exhibit the properties of the covering film

3.

[0048]
Furthermore, if the pH of the aqueous surface regulator is within a range of 7.5 to 10, storage

stability and solution stability during treatments of the aqueous surface regulator are high.

[0049]

The pH of the aqueous surface regulator is more preferably greater than 8, and is further
preferably 8.5 or greater. This pH is also preferably 10 or less, and further preferably 9.5 or
less. This pH is also preferably within a range of 8 to 10, and is further preferably within a

range of 8.5 to 9.5.

[0050]

In order to adjust the pH of the aqueous surface regulator, known acidic components such as
sulfuric acid, hydrochloric acid, and nitric acid, known basic components such as ammonia,
amines, and sodium hydroxide, and the like can be mixed in the aqueous surface regulator, for

example.

[0051]
The transition metal in the basic compound (A) can include zirconium, vanadium,

molybdenum, niobium, titanium, and the like. The basic compound (A) of the transition
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metal can include ammonium salts, carbonates, chlorides, ammonium carbonate, alkali metal

carbonates, amine salts, diethanolamine salts, and the like.

[0052]

It is preferable that the transition metal in the basic compound (A) includes zirconium. In
other words, it is preferable that the basic compound (A) includes a basic zirconium compound.
The basic compound (A) may include a basic zirconium compound only, and alternatively may
include a basic compound of transition metal other than zirconium as well as a basic

zirconium compound.

[0053]

As described above, the transition metal may include titanium. However, when the
transition metal does not include titanium, the aluminum-zinc plated steel sheet 1 has
increased corrosion resistance, blackening resistance, and condensation resistance.
Therefore, it is more preferable that the transition metal does not include titanium. It is
conceivable that one reason is that a basic titanium compound has high affinity for water, and
thus if the basic titanium compound is present in the covering film 3, condensation is likely to
occur. It is also conceivable that another reason is that high reactivity of the basic titanium
compound and the cobalt compound inhibits generation of metallic cobalt in the covering film

3, which will be described in detail later.

[0054]

It is also preferable that the transition metal in the basic compound (A) is at least one selected
from the group consisting of zirconium, vanadium, molybdenum, and niobium. For example,
it is preferable that the basic compound (A) is one selected from the group consisting of basic

zirconium compounds, basic vanadium compounds, basic molybdenum compounds, and basic
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niobium compounds. In this case, it is also preferable that zirconium is an essential
component, that is, the transition metal in the basic compound (A) is zirconium and at least

one selected from the group consisting of vanadium, molybdenum, and niobium.

[0055]

The basic zirconium compound can include at least one selected from basic zirconium, basic
zirconyl, basic zirconyl salts, basic zirconium carbonate, basic zirconyl carbonate, basic
zirconium carbonate salts, and basic zirconyl carbonate salts. Examples of the type of salts
include ammonium salts, salts of alkali metals such as sodium, potassium, and lithium,
amine salts, and diethanolamine salts. More specifically, the basic zirconium compound can
include at least one selected from ammonium zirconyl carbonate [(NH4)2ZrO(CO3)2l,
potassium zirconyl carbonate [K2ZrO(COgz)2l, sodium zirconyl carbonate [Na2Zr(COsz)zl,
ammonium zirconium carbonate {(NH4)2[Zr(CO32)2(0H)2}, potassium zirconium carbonate
{KalZr(CO2)2(0H)2}, and sodium zirconium carbonate {Naz[Zr(CO2)2(OH)2f. In particular, it
is preferable that the basic zirconium compound includes at least one of ammonium zirconyl

carbonate [(NH4)2ZrO(COs3)2] and ammonium zirconium carbonate {(INH4)2[Zr(CO3)2(OH)2}.

[0056]
Examples of the basic vanadium compound include vanadium (III) chloride, vanadium (IV)

chloride, ammonium metavanadate, sodium metavanadate, and PbZn(VO4)(OH).

[0057]
Examples of the basic molybdenum compound include ammonium molybdate, sodium

molybdate, molybdeum (V) chloride, molybdeum (ITI) chloride, MoO2(0O)2, and MoO(OH)4.

10058]
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Examples of the basic niobium compound include niobium (V) chloride and sodium niobate.

100591

It is preferable that the cobalt compound (B) includes at least one selected from the group
consisting of cobalt sulfates, cobalt chlorides, cobalt carbonates, cobalt phosphates, cobalt
acetates, and cobalt nitrates. Examples of such cobalt salts include cobalt (II) nitrate, cobalt
(ID) sulfate, cobalt (IT) chloride, cobalt (II) carbonate, and cobalt (II) phosphate. The cobalt
compound (B) may include cobalt acetylacetonate, cobalt ethylenediaminetetraacetate, cobalt
(IT) acetate, cobalt (IT) oxalate, cobalt (ITT) oxalate, cobalt (ITT) oxide, cobalt (IV) oxide, and the

like. The cobalt compound (B) can include at least one selected from these compounds.

100601

In particular, it is preferable that the cobalt compound (B) includes at least one selected from
cobalt sulfates, cobalt chlorides, and cobalt nitrates. In other words, it is preferable that the
cobalt compound (B) includes at least one of cobalt (II) nitrate, cobalt (II) sulfate, and cobalt

(IT) chloride. Ttis further preferable that the cobalt compound (B) includes cobalt (IT) nitrate.

[0061]

The aqueous surface regulator can be prepared through mixing the basic compound (A), the
cobalt compound (B), and water, and then mixing at least one of an acidic component and a
basic component for adjusting the pH as necessary into the mixture. The amount of the basic
compound (A) and the amount of the cobalt compound (B) in the aqueous surface regulator are
appropriately adjusted in accordance with the coating property of the aqueous surface
regulator, transition metal-containing amount, a cobalt-containing amount, and the like that

are desired for the coating film 3.
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10062]

It is preferable that the mass ratio of an amount of atoms of cobalt contained in the cobalt
compound (B) to the total amount of the basic compound (A) (mass of cobalt atoms contained
in the cobalt compound (B)/mass of the basic compound (A)) is within a range of 1/10 to 1/1000.
The above is preferable in that the effect of condensation resistance is achieved in this range.
This ratio is more preferably 1/25 or less, and further preferably 1/60 or less. This ratio is
also preferably 1/5600 or greater, and further preferably 1/200 or greater. This ratio is also
preferably within a range of 1/25 to 1/500, and further preferably within a range of 1/60 to

1/200.

[0063]

It is preferable that the ratio of a phosphorus compound and a fluorine compound in the
aqueous surface regulator is small, or that the aqueous surface regulator does not contain a
phosphorus compound or a fluorine compound. In other words, it is preferable that the ratio
of a phosphorus compound and a fluorine compound in the covering film 3 made of the
aqueous surface regulator is small, or that the covering film 3 does not contain a phosphorus
compound or fluorine compound. Since the phosphorus compound and the fluorine
compound are likely to elute therefrom into an alkaline solution, if the covering film 3
includes excessive amounts of the phosphorus compound and the fluorine compound, there is

a risk in that the aluminum-zinc plated steel sheet 1 loses alkali-resistance.

[0064]

If the ratio of the fluorine compound in the aqueous surface regulator is small or the aqueous
surface regulator does not include the fluorine compound, there is also an advantage in that
the aluminum-zinc plated steel sheet 1 particularly has improved blackening resistance. It

is conceivable that this is because the fluorine compound has high reactivity with the cobalt

22



compound, resulting in the inhibition of generation of metallic cobalt in the covering film 3.

This will be described in detail later.

[0065]
In particular, the percentage of the total amount of the phosphorus compound and the
fluorine compound in the covering film 3 is preferably 1% by mass or less, and further

preferably 0.1% by mass or less.

[0066]

It is also preferable that the aqueous surface regulator does not include a substance having a
strong oxidizing ability, such as hydrogen peroxide water. In this case, the corrosion
resistance and the blackening resistance of the aluminum-zinc plated steel sheet are
particularly improved. It is conceivable that this is because a substance having a strong

oxidizing ability inhibits generation of metallic cobalt in the covering film 3.

[0067]

The covering film 3 is formed as a result of applying the aqueous surface regulator onto the
plating layer 5. Specific examples therefor include a reaction-type treatment and a
coating-type treatment, and any method may be adopted. In the reaction-type treatment,
the covering film 3 can be formed through making the aqueous surface regulator come into
contact with the plating layer 5 using a shower Ringer method, for example. It is preferable
that the temperature of the aqueous surface regulator when the aqueous surface regulator is
applied onto the plating layer 5 in this case is within a range of 10 to 80°C. In the
coating-type treatment, after the aqueous surface regulator comes into contact with the
plating layer 5 using a roll coating method, a spraying method, an immersion method, an

air-knife method, or a curtain flow method, for example, the aqueous surface regulator is
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dried without washing off the aqueous surface regulator, as a result of which the covering film
3 can be formed. The temperature of the aqueous surface regulator applied onto the plating
layer 5 in this case is preferably within a range of 10 to 60°C, and more preferably within a
range of 30 to 40°C. In order to increase the effects of one embodiment of the present
invention through increasing the amount of the covering film 3, the coating-type treatment is

preferably adopted.

[0068]

In the case where the coating-type treatment is adopted, it is preferable that the aqueous
surface regulator is applied onto the plating layer 5 of the plated steel sheet 2 and then is
heated and dried using a heater to form the covering film 3. It is preferable that the
temperature (peak metal temperature) of the plated steel sheet 2 in heating and drying the
aqueous surface regulator on the plated steel sheet is within a range of 40 to 200°C. If the
peak metal temperature is 40°C or greater, the aqueous surface regulator is efficiently dried,
and thus formation efficiency of the covering film 3is good. If the peak metal temperature is
200°C or less, the aluminum-zinc plated steel sheet 1 has particularly high corrosion
resistance and blackening resistance. It is conceivable that this is because if the peak metal
temperature is higher than 200°C, the aqueous surface regulator is dried excessively quickly,
resulting in the inhibition of generation of metallic cobalt, whereas if the peak metal
temperature is 200°C or less, generation of metallic cobalt is unlikely to be inhibited in the

process in which the aqueous surface regulator is dried.

[0069]
The aluminum-zinc plated steel sheet 1 can be obtained through providing the covering film 3

on the plated steel sheet 2 in this manner.
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[0070]

It is preferable that the amount of the covering film 3 per one side of the plated steel sheet 2 is
within a range of 0.01 to 0.8 g/m2. If this amount is 0.01 g/m?2 or greater, effects of improving
the blackening resistance and corrosion resistance resulting from the covering film 3 are
significantly exhibited. If the amount is 0.8 g/m?2 or less, effects of improving the blackening
resistance and corrosion resistance are significantly exhibited due to the covering film 3 being
densified in particular. The amount is more preferably 0.03 g/m2 or greater, and further
preferably 0.05 g/m?2 or greater. The amount is also preferably 0.6 g/m? or less. This
amount is also preferably within a range of 0.03 to 0.6 g/m2, and particularly preferably

within a range of 0.05 to 0.6 g/m2,

[0071]
The covering film 3 of the aluminum-zinc plated steel sheet 1 contains: a basic compound of
transition metal other than cobalt and chromium; and metallic cobalt, or metallic cobalt and a

cobalt compound.

[0072]

The basic compound of transition metal other than cobalt and chromium in the covering film 3
comes from the basic compound (A) in the aqueous surface regulator. The basic compound in
the covering film 3 may not be completely same as the basic compound (A) as long as the basic
compound is a compound of transition metal having a basic property. Even if a portion or
whole of the basic compound (A) is transformed into another compound in the covering film 3
through a chemical reaction, it is sufficient that the basic compound of transition metal is
present in the covering film 3. For example, in the case where a portion or whole of the basic
compound (A) that does not include hydroxides and basic oxides of transition metal changes to

hydroxides or basic oxides of the transition metal in the covering film 3, the hydroxides and
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basic oxides of transition metal are included in the basic compound in the covering film 3. It
is also acceptable that the basic compound in the covering film 3 further includes a substance

that does not come from the basic compound (A).

[0073]

Similarly to the transition metal in the basic compound (A), the transition metal in the basic
compound in the covering film 3 can include zirconium, vanadium, molybdenum, niobium,
titanium, and the like, for example. The basic compound in the covering film 3 can include
hydroxides, basic oxides, ammonium salts, carbonates, chlorides, ammonium carbonates,

alkali metal carbonates, amine salts, diethanolamine salts of transition metal, for example.

[0074]

It is preferable that the transition metal in the basic compound in the covering film 3 includes
zirconium. In other words, it is preferable that the basic compound includes a basic
zirconium compound. The basic compound may include only a basic zirconium compound,
and alternatively may contain a basic compound of transition metal other than zirconium as

well as a basic zirconium compound.

[0075]

It is also preferable that the transition metal in the basic compound in the covering film 3 is
at least one selected from the group consisting of zirconium, vanadium, molybdenum, and
niobium. For example, it is preferable that the basic compound is one selected from the
group consisting of basic zirconium compounds, basic vanadium compounds, basic
molybdenum compounds, and basic niobium compounds. It is also preferable that zirconium
is an essential component, that is, the transition metal in the basic compound is zirconium

and at least one selected from the group consisting of vanadium, molybdenum, and niobium.
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[0076]

The metallic cobalt, or the metallic cobalt and the cobalt compound in the covering film 3
come from the cobalt compound (B) in the aqueous surface regulator. In other words, as a
result of the metallic cobalt being produced from a portion or whole of the cobalt compound (B)
in the process in which the covering film 3 is made from the aqueous surface regulator, the
covering film 3 includes the metallic cobalt. It is conceivable that the reason why the
metallic cobalt is produced is that a substitution reaction occurs between the cobalt compound
in the aqueous surface regulator and zinc or aluminum in the plating layer 5 when the
aqueous surface regulator according to the present embodiment comes into contact with the
plating layer 5. Alternatively, it is also conceivable that the concentrations of Zn ions and Al
ions in the aqueous surface regulator are increased due to a substitution reaction between a
metal ion coming from the basic transition metal compound (A) in the aqueous surface
regulator and metal in the plating layer 5, and thus Co having a relatively lower ionization
tendency is deposited as metal. It is also conceivable that the above-described two reactions
occur together. In the case where the covering film 3 includes the cobalt compound, the
cobalt compound may not completely same as the cobalt compound (B). For example, in the
case where a portion of the cobalt compound (B) changes into another compound due to a
chemical reaction in the process in which the covering film 3 is formed, this compound is
included in the cobalt compound in the covering film 3. It is also acceptable that the metallic
cobalt, or the metallic cobalt and the cobalt compound in the covering film 3 include a

substance that does not come from the cobalt compound (B).

[0077]
The amount in terms of mass of transition metal in the covering film 3 per one side of the

plated steel sheet 2 is preferably within a range of 4 to 400 mg/m2, and further preferably
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within a range of 5 to 400 mg/m2. In this case, effects of improving the blackening resistance
and the corrosion resistance are significantly exhibited. The amount in terms of mass of
transition metal is more preferably 8 mg/m? or greater, and further preferably 15 mg/m?2 or
greater. 'This amount is also preferably 200 mg/m? or less, and further preferably 100 mg/m?2
or less. 'This amount is also preferably within a range of 8 to 200 mg/m2, and particularly

preferably within a range of 15 to 100 mg/m?2,

[0078]

In the case where the transition metal in the basic compound in the covering film 3 includes
zirconium, the amount in terms of mass of Zr in the covering film 3 per one side of the plated
steel sheet 2 is preferably within a range of 4 to 400 mg/m2, and further preferably within a
range of 5 to 400 mg/m2. In this case, effects of improving the blackening resistance and the
corrosion resistance are significantly exhibited. The amount in terms of mass of Zr is more
preferably 8 mg/m?2 or greater, and further preferably 15 mg/m?2 or greater. This amount is
also preferably 200 mg/m?2 or less, and further preferably 100 mg/m2 or less. This amount is
also preferably within a range of 8 to 200 mg/mZ2, and particularly preferably within a range of

15 to 100 mg/m?2.

[0079]

The amount in terms of mass of cobalt in the covering film 3 per one side of the plated steel
sheet 2 is within a range of 0.1 to 20 mg/m2. In this case, effects of improving the blackening
resistance and the corrosion resistance are significantly exhibited. The amount in terms of
mass of cobalt is more preferably 1 mg/m? or greater, and particularly preferably 1.5 mg/m? or
greater. This amount in terms of mass of cobalt is also preferably 15 mg/m? or less, and
particularly preferably 8 mg/m2 or less. This amount in terms of mass of cobalt is also

preferably within a range of 1 to 15 mg/m2, and particularly preferably within a range of 1.5 to
28



8 mg/m2

[0080]

When the covering film 3 is formed from the aqueous surface regulator, the covering film 3
including metallic cobalt, or metallic cobalt and a cobalt compound is formed on the plated
steel sheet 2. Accordingly, the blackening resistance of the aluminum-zinc plated steel sheet
1is further maintained for a longer period. Although blackening of the plating layer 5 occurs
due to generation of non-stoichiometric oxides or hydroxides of zinc or aluminum in the
plating layer 5, generation of such non-stoichiometric oxides or hydroxides is suppressed in
the present embodiment. It is conceivable that this is because the metallic cobalt in the
covering film 3 promotes generation of a stable and densified oxide film on the surface of the
plating layer 5, resulting in the suppression of generation of non-stoichiometric oxides or
hydroxides. Although it is conceivable that a stable compound of cobalt also functions,
similarly to metallic cobalt, it is conceivable that the metallic cobalt more effectively

functions.

[0081]

As a result of the covering film 3 further including the basic compound of the transition metal,
the corrosion resistance as well as the blackening resistance is further maintained for a long
period. It is conjectured that this is because the covering film 3 contains the basic compound,
resulting in the formation of a densified barrier film including a basic compound such as

hydroxides coming from the basic compound (A) as a main component on the covering film 3.

[0082]
Furthermore, in the present embodiment, the metallic cobalt and the basic compound are

evenly distributed in the covering film 3 made from the aqueous surface regulator. In
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particular, in the case where the aqueous surface regulator and the covering film 3 do not
contain a titanium compound or a fluorine compound, the metallic cobalt and the basic
compound are likely to be more evenly distributed in the covering film 3. It is conceivable
that this is because the titanium compound and the fluorine compound have high reactivity
with the cobalt compound, resulting in, when the fluorine compound or the titanium
compound is not present, the promotion of generation of metallic cobalt due to the
substitution reaction between the cobalt compound and zinc and aluminum of the plating
layer 5. As described above, it is thus preferable that the aqueous surface regulator and the
covering film 3 do not contain the titanium compound or the fluorine compound. If the
metallic cobalt and the basic compound are evenly distributed in the covering film 3, even if
the aluminum-zinc plated steel sheet 1 is exposed to an atmosphere where blackening is
likely to occur in a usual state, for example, an atmosphere of high temperature and high
humidity, the metallic cobalt and the basic compound are not consumed in a short time period.
Thus, the blackening resistance of the aluminum-zinc plated steel sheet 1 is maintained for a
long time period as well as for a temporary storage time period until painting is performed.
In the case where a layer different from this covering film 3 is formed on the covering film 3,
that is, a composite covering film including a resin and the like is provided thereon, for

example, blackening resistance is maintained for a longer time period.

[0083]

Furthermore, the basic compound of transition metal and metallic cobalt, which are active
components for corrosion resistance and blackening resistance in the covering film 3 are
unlikely to elute therefrom into an alkaline solution. Therefore, the aluminum-zinc plated

steel sheet 1 has high alkali-resistance.

10084]
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As described above, the aluminum-zinc plated steel sheet 1 according to the present
embodiment can be further provided with one or more layers different from the covering film
3 (for example, a composite covering film including a resin and the like) on the covering film 3.
Therefore, the aluminum-zine plated steel sheet 1 according to the present embodiment can
be used as a steel sheet for a coating treatment (surface-adjusted aluminum-zinc plated steel

sheet for a coating treatment).

[0085]

The covering film 3 of the aluminum-zinc plated steel sheet 1 according to the present
embodiment does not contain metallic chromium or a chromium compound, and also the
aluminum-zinc plated steel sheet 1 has excellent corrosion resistance, blackening resistance,
condensation resistance, alkali-resistance, heat discoloration resistance, and coating film
adherence. Therefore, the aluminum-zinc plated steel sheet 1 can be used in various areas,
such as building material products, home appliances, automobile members, and the like, and

in particular can be applicable to building material products used outdoors.

Example

[0086]

Hereinafter, examples according to the present invention are specifically described, but the
present invention is not limited to these examples. Note that the unit "part" described

hereinafter all refers to "part by mass", unless otherwise stated.

[0087]
[Plated Steel Sheet]
(1) Sample Material

SPCC (JIS G3141) having a thickness of 0.8 mm was heated and reduced using a Hot Dipping
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Process Simulator available from Rhesca Co., LTD. at 800°C for 60 seconds in N2-H2
atmosphere, and then cooled to the temperature of the molten metal bath to produce an alloy
plated steel material (plated steel sheet) having a plating composition shown in Table 1. A

plating amount was set to 60 g/m2 for one side.

[0088]

The numerical values shown in Table 1 indicate content (% by mass) of elements in a plating
layer. However, in Table 1, “Si/Al” indicates a percentage (%) by mass of Si to the total mass
of Al in the plating layer. In Table 1, “remain” is written for “Zn and impurities”. This
means that remaining part, which does not include Mg, Si, Ni, Cr, Ca, Sr, Y, La, and Ce, of all

of the constituent elements of the plating layer is occupied by Zn and inevitable impurities.

[0089]
[Table 1]
Element content (mass%) of plating layer
Not | me | s |sa| e | Ni | or | ca | se | Y | ta | ce | Znand
impurities
1 55 - 1.6] 2.91 2.5 - - - - - - —| remain
2 5 0.1 - - 0.2 - - - - - - —| remain
3 11 3 0.2 1.82 0.5 - - - - - - —| remain
4 55 2 1.6] 2.91 2.5 - - - - - - —| remain
5 55 2 1.6] 2.91 2.5 - 0.1 0.02 - - - —| remain
6 55 2 1.6 291 2.5 - 0.1 0.02[ 0.002 - - —| remain
7 11 3 0.2 1.82 0.1 0.3 - - - - - —| remain
8 6 3 - - 0.2 - - - - - - —| remain
9 15 3 0.2 1.33 0.6 - - - - - - —| remain
10 60 1 1.6] 2.67 2.7 - - - - - - —| remain
11 65 5 1.6] 2.46 2.8 - 0.2 0.1 - - - —| remain
12 50 4.5 2] 4.00 2.3 —| 0.05] 0.08] 0.002 - - —| remain
13 45 1.5 1.8 4.00 2.1 —| 0.03 - —| 0.002 - —| remain
14 13 3] 0.15] 1.15 0.8 - - - - —| 005 —| remain
15 58 2 2.5 4.31 2.6 0.5 - - - - —| 0.08] remain
16 3.5 3 - - 0.1 - - - - - - —| remain
17 70 - 0.5 0.71 3.0 1 - - - - 0.5 —| remain
18 55 6 3] 5.45 2.5 —| 0.001 0.3 - - - —| remain
19 40 - 3] 7.50 2.0 - - - —1 0.0005 - —| remain
20 0.8 - - - 0.7 - - - - - - —| remain




[0090]

(2) Degreasing Treatment

The surface of the plated steel sheet was cleaned through performing alkaline degreasing on
the surface of the plated steel sheet produced in line with the preceding method. When
alkaline degreasing was performed, “Palclean N364S” available from Nihon Parkerizing Co.,
Ltd., which is a silicate-based alkaline degreasing agent, was adjusted to have a concentration
of 2% and a temperature of 60°C, and this silicate-based alkaline degreasing agent was then
sprayed on the surface of the plated steel sheet for 10 seconds. Subsequently, after the
surface of the plated steel sheet was washed with tap water, the washed plated steel sheet

was wiped with a draining roll, and then further heated and dried at 50°C for 30 seconds.

[0091]
(3) Raw Material of Aqueous Surface Regulator

(al) to (a7) shown in Table 2 below were prepared as the basic compound (A).

10092]

[Table 2]

Basic compound of transition metal
al |ammonium zirconium carbonate

a2 |potassium zirconyl carbonate

a3 |sodium zirconium carbonate

a4 |diethanolamine salt of zirconium carbonate
ab |ammonium molybdate

a6 [niobium (V) chloride

a7 |vanadium (III) chloride

10093]
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(b1 to MH) shown in Table 3 below were prepared as the cobalt compound (B).

10094]

[Table 3]

Cobalt compound

bl |cobalt (II) nitrate

b2 |cobalt (II) sulfate

b3 |cobalt (D) chloride

b4 |cobalt (II) acetylacetonate

b5 |cobalt (III) ethylenediaminetetraacetate

[0095]

(Examples 1 to 63, and Comparative Examples 1 to 9)

One or more or none of predetermined basic compounds (A) shown in Table 4, one or none of
predetermined cobalt compounds (B) shown in Table 5, and deionized water were mixed, and
ammonia or ammonium nitrate was then added to the resultant mixture as necessary to
adjust the pH thereof. According to this manner, aqueous surface regulators used in

Examples 1 to 63 and Comparative Examples 1 to 9 were obtained.

[0096]

Any of the above-described aqueous surface regulators was then applied to any of the plated
steel sheets No. 1 to No. 20 shown in Table 1, using a bar coater. In order to obtain a
covering film amount of a predetermined covering film, the concentration of the aqueous
surface regulator was adjusted and the type of bar coater was selected. Subsequently, the
plated steel sheets were heated in an atmosphere of 200°C to achieve the peak metal
temperatures (PMT) shown in Tables 4 and 5 so as to be dried. Accordingly, the covering
films having covering film amounts shown in Tables 4 and 5 were formed to obtain

aluminum-zinc plated steel sheets. Note that in Tables 4 and 5, "transition metal amount"
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and "Co amount" respectively indicate "the amount in terms of mass of transition metal in a
covering film per one side of a plated steel sheet" and "the amount in terms of mass of cobalt

in the covering film per one side of a plated steel sheet".

[0097]
[Table 4]
Aqueous surface regulator Covering film formation condition
Basic Cobalt . ... | Transition
Plated Component Covering |Transition
compound | compound . metal | Co amount
steel @) ®) ratio - film amount| metal amotnt PMT
sheet No. p CC)
Type Type Colt . g/m2 Type mg/m2 mg/m2
mass ratio
1 No.3 al bl 1/100 9 0.2 Zr 60 2 50
2 No.3 al b2 1/100 9 0.2 Zr 60 2 50
3 No.3 al b3 1/100 9 0.2 Zr 60 2 50
4 No.3 al b4 1/100 9 0.2 Zr 60 2 50
5 No.3 al bb 1/100 9 0.2 Zr 60 2 50
6 No.3 a2 bl 1/100 9 0.2 Zr 60 2 50
7 No.3 a2 b2 1/100 9 0.2 Zr 60 2 50
8 No.3 a2 b3 1/100 9 0.2 Zr 60 2 50
9 No.3 a2 b4 1/100 9 0.2 Zr 60 2 50
10| No.3 a2 bb 1/100 9 0.2 Zr 60 2 50
11| No.3 a3 bl 1/100 9 0.2 Zr 60 2 50
12| No.3 a3 b2 1/100 9 0.2 Zr 60 2 50
13| No.3 a3 b3 1/100 9 0.2 Zr 60 2 50
14| No.3 a3 b4 1/100 9 0.2 Zr 60 2 50
15| No.3 a3 bb 1/100 9 0.2 Zr 60 2 50
16| No.3 ad bl 1/100 9 0.3 Zr 60 2 50
17| No.3 al bl 1/10 9 0.3 Zr 60 20 50
18| No.3 al bl 1/40 9 0.2 Zr 60 4.6 50
19| No.3 al bl 1/300 9 0.2 Zr 60 0.6 50
20| No.3 al bl 1/1000 9 0.2 Zr 60 0.18 50
Example
21| No.3 al bl 1/18H 9 0.2 Zr 60 1 50
22| No.3 al bl 1/14 9 0.2 Zr 60 13 50
23| No.3 al bl 1/10 9 0.2 Zr 60 18 50
24 No.3 al bl 1/12 9 0.01 Zr 4 1 50
25| No.3 al bl 1/100 9 0.06 Zr 20 1 50
26| No.3 al bl 1/100 9 0.8 Zr 240 8 50
27| No.3 al bl 1/154 9 1.3 Zr 400 8 50
28| No.3 al bl 1/100 10 0.2 Zr 60 2 50
29| No.3 al bl 1/100 9.5 0.2 Zr 60 2 50
30| No.3 al bl 1/100 7.7 0.2 Zr 60 2 50
31| No.3 al bl 1/100 7.5 0.2 Zr 60 2 50
32| No.3 al bl 1/100 10.56 0.2 Zr 60 2 50
33| No.3 al bl 1/100 7.2 0.2 Zr 60 2 50
34| No.3 al bl 1/100 9 0.2 Zr 60 2 200
35| No.3 al bl 1/100 9 0.2 Zr 60 2 150
36| No.3 al bl 1/100 9 0.2 Zr 60 2 40
37| No.1 al bl 1/100 9 0.2 Zr 60 2 50
38| No.2 al bl 1/100 9 0.2 Zr 60 2 50
39| No4 al bl 1/100 9 0.2 Zr 60 2 50
40| No.b al bl 1/100 9 0.2 Zr 60 2 50
[0098]
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[Table 5]

Aqueous surface regulator Covering film formation condition
Basic Cobalt . ... | Transition
Plated Component Covering |Transition
steel Com(];\(;und com(pound ratio £1m amount| metal metal | Co amount PMT
B) pH amount
sheet No. €0
Type Type Co/&) . / 2 Type / 2 / 2
mass ratio gm mg/m mg/m
41| No.6 al bl 1/100 9 0.2 Zr 60 2 50
42| No.7 al bl 1/100 9 0.2 Zr 60 2 50
43| No.8 al bl 1/100 9 0.2 Zr 60 2 50
44| No.9 al bl 1/100 9 0.2 Zr 60 2 50
45| No.10 al bl 1/100 9 0.2 Zr 60 2 50
46| No.11 al bl 1/100 9 0.2 Zr 60 2 50
47| No.12 al bl 1/100 9 0.2 Zr 60 2 50
48 | No.13 al bl 1/100 9 0.2 Zr 60 2 50
49| No.14 al bl 1/100 9 0.2 Zr 60 2 50
50| No.15 al bl 1/100 9 0.2 Zr 60 2 50
51| No.16 al bl 1/100 9 0.2 Zr 60 2 50
52| No.17 al bl 1/100 9 0.2 Zr 60 2 50
53| No.18 al bl 1/100 9 0.2 Zr 60 2 50
Example 754 T7N6 19 al bl 17100 9 0.2 7r 60 2 50
55| No.20 al bl 1/100 9 0.2 Zr 60 2 50
56| No.3 ab bl 1/62 9 0.1 Mo 60 2 50
57| No.3 ab bl 1/87 9 0.2 Nb 60 2 50
58| No.3 a7 bl 1/93 9 0.2 A4 60 2 50
59| No3 | al+as b1 87 9 0.2 Zr,Mo | 050 2 50
Mo; 10
Zr; 50
60 No.3 al+ab bl 1/92 9 0.2 Zr, Nb Nb: 10 2 50
61| No3 | at+a7 b1 1/80 9 0.2 Zr, V Z\f : 158 2 50
62| No.3 ab bl 1/14 9 0.03 Mo 10 2 50
63| No.3 ab bl 1/310 9 0.6 Mo 300 2 50
1 No.3 al - — 9.5 0.2 Zr 60 - 50
2 No.3 - bl — 2 0.06 - - 20 50
3 No.3 al bl 1/7 9.2 0.2 Zr 60 50 50
4 No.3 al bl 1/2000 9.5 0.2 Zr 60 0.01 50
5 No.3 al bl 1/100 6.5 0.2 Zr 60 2 50
6 No.3 al bl 1/900 9 0.3 Zr 600 2 50
) 7 No.3 al bl 1/6 9 0.006 Zr 0.5 1 50
Comparative[=g=—y 75 ab b1 1/600 9 12 Mo 600 2 50
example
9 No.3 ab bl 1/4 9 0.007 Mo 0.5 2 50
10| No.3 - - - - 2.0 - - - 120
11| No.3 - - - - 3.5 Zr, Ti - - 100
12| No.3 - - - - 5.8 Zr, V - - 100
13| No.16 - - - - - - -
14| No.19
15| No.20
[0099]

(Comparative Example 10)
A prepolymer obtained through reaction of 120 parts of a polyester resin having carboxyl
group at both ens and having a number-average molecular weight of 1000, 90 parts of

polyethylene glycol having hydroxyl groups at both ends and having a number-average
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molecular weight of 1000, 12 parts of 2,2-dimethylolpropionic acid, 80 parts of
dicyclohexylmethane diisocyanate, and 120 parts of N-methyl-2-pyrrolidone was dispersed
into deionized water to obtain a prototype urethane resin which has 0.30 meq/g for carboxylic
acid equivalent, 0.79 meq/g for acid amine equivalent, and 2.5 meq/g for

resin/N-methylpyrrolidone.

[0100]

At room temperature, 1000 parts of the prototype urethane resin was added to distilled water,
20 parts of ammonium zirconium carbonate and 2 parts of vinyltrimethoxysilane were then
added thereto, and then the resultant mixture was stirred using a propeller stirrer to prepare

a surface regulator.

[0101]

This surface regulator was then applied onto the plated steel sheet No. 3 shown in Table 1,
with a bar coater. In order to obtain a covering film amount of a predetermined covering film,
the concentration of the surface regulator was adjusted and the type of bar coater was
selected. This plated steel sheet was then heated in an atmosphere of 200°C to have a peak
metal temperature (PMT) of 120°C so as to be dried. Accordingly, the covering film having a
covering film amount shown in Table 5 was formed. Accordingly, an aluminum-zinc plated

steel sheet was obtained.

[0102]

(Comparative Example 11)

At room temperature, 3.0 g/L of fluorotitanic acid, 2.0 g/L of fluorozirconic acid, 1.8 g/L of 30%
hydrogen peroxide water, and 1.8 g/L of pyrophosphoric acid were added to distilled water, the

pH of the resultant mixture was adjusted to 3.5 with sodium hydroxide, and then the mixture
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was heated to 45°C to prepare a surface regulator.

[0103]

The plated steel sheet No. 3 shown in Table 1 was immersed in this surface regulator. After
the plated steel sheet was immersed in the aqueous surface regulator for 10 seconds, the
plated steel sheet was washed with deionized water for 10 seconds, and then dried in an
atmosphere of 100°C until the peak metal temperature reached 100°C. Accordingly, the
covering film having a covering film amount shown in Table 5 was formed. Accordingly, an

aluminum-zinc plated steel sheet was obtained.

[0104]

(Comparative Example 12)

At room temperature, 0.1 parts of vanadium acetylacetate, 1 part of vanadyl acetylcetonate,
and 1.5 parts of 20% fluorozirconic acid were added to 1000 parts of distilled water, and then
the pH of the mixture was adjusted to 5.8 using 25% ammonia water to prepare a surface

regulator.

[0105]

The plated steel sheet No. 3 shown in Table 1 was immersed in this surface regulator. After
the plated steel sheet was immersed in the surface regulator for 90 seconds, the plated steel
sheet was washed with water for 10 seconds, and then dried in an atmosphere of 100°C until
the peak metal temperature reached 100°C. Accordingly, the covering film having a covering
film amount shown in Table 5 was formed. Accordingly, an aluminum-zinc plated steel sheet

was obtained.

[0106]
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(Comparative Examples 13 to 15)
Plated steel sheets No. 16 (comparative example 13), No. 19 (comparative example 14), and
No. 20 (comparative example 15) were not covered with any covering film, and subjected to

evaluation described later.

[0107]

[Evaluation Method]

The aluminum-zinc plated steel sheets (comparative example 13 to 15 did not have covering
film) of Examples and Comparative Examples shown in Tables 4 and 5 were cut to produce
test sheets having a size of 150 mm x 70 mm, and the following tests were carried out. Each

evaluation method will be described below.

[0108]

[Corrosion Resistancel

Salt water was sprayed on the test sheets for 72 hours or 120 hours based on a salt spray test
method (JIS-Z-2371). Subsequently, the area where white rust formed was visually checked,
and evaluation was made based on the following evaluation criteria. Note that, in this
corrosion resistance evaluation, the result indicative of "3" or more for 72 hours means that
the corrosion resistance reaches the level of practical use in temporal rust prevention
application. In the corrosion resistance evaluation, the result indicative of "3" or more for
120 hours means that the corrosion resistance reaches the level of use in temporal rust
prevention applications that need higher corrosion resistance.

4; white rust formation area percentage is less than 3%,

3; white rust formation area percentage is not less than 3% and is less than 10%,

2; white rust formation area percentage is not less than 10% and is less than 30%, and

1; white rust formation area percentage is not less than 30%.
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[0109]

[Blackening Resistancel

The test sheets were left in boiled deionized water for 30 minutes. Subsequently, the area
where white rust formed was visually checked, and evaluation was made based on the
following evaluation criteria. Note that, in the blackening resistance evaluation, the result
indicative of "3" or more means that the blackening resistance reaches the level of practical
use.

4; no change,

3; white rust formation area percentage is less than 3%,

2; white rust formation area percentage is not less than 3% and is less than 30%, and

1; white rust formation area percentage is not less than 30%.

[0110]

[Alkali-resistancel

"Palclean N364S" available from Nihon Parkerizing Co., L.td., which is an alkaline degreasing
agent, was adjusted to have a concentration of 2% and a temperature of 60°C, sprayed on the
surface of the test sheet for 2 minutes, washed with deionized water, and then dried with a
dryer. Subsequently, the area where white rust formed was visually checked, and evaluation
was made based on the following evaluation criteria. Note that, in the alkali-resistance
evaluation, the result indicative of "3" or more means that the alkali-resistance reaches the
level of practical use.

4; white rust formation area percentage is less than 3%,

3; white rust formation area percentage is not less than 3% and is less than 10%,

2; white rust formation area percentage is not less than 10% and is less than 30%, and

1; white rust formation area percentage is not less than 30%.
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[0111]

[Condensation Resistance]

1 mL of deionized water was dropped on the surface of the test sheet, and left to stand for one
day at room temperature until water was completely volatilized. Discoloration degree after
this test was visually checked, and evaluation was made based on the following evaluation
criteria. Note that, in the condensation resistance evaluation, the result indicative of "3" or
more means that the condensation resistance reaches the level of practical use.

4; no change,

3; white rust formation area percentage is less than 1%,

2; white rust formation area percentage is not less than 1% and is less than 30%, and

1; white rust formation area percentage is not less than 30%.

[0112]

[Coating Film Adherence]

Painting was performed on the covering films of the test sheets under conditions, which will
be described below, to obtain painted sheets.

(1) Alkyd paint: brand name "DELICON #700" available from Dai Nippon Toryo Co., Ltd.,
painting: bar-coating method, baking condition: 140°C for 20 minutes, dried coating film
thickness 25 pm.

(2) Clear coating: brand name "V-FLON #2000FC2" available from Dai Nippon Toryo Co., Ltd.,
painting: bar-coating method, baking condition: 200°C for 20 minutes, dried coating film

thickness 20 pm.

[0113]

Next, 100 squares each having a size of 1 mm x 1 mm were made by cutting the coating film of
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the above-described painted sheet but not cutting the covering film with an NT cutter.
Subsequently, peeling was performed with cellophane tape, and evaluation was made based
on the number of remaining coating films based on the following determination criteria. In
the coating film adhesion evaluation, the result indicative of "3" or more means that the
coating film adhesion reaches the level of practical use.

4: 100,

3: not less than 98 and less than 100,

2. not less than 50 and less than 98, and

1: less than 50.

[0114]
[Heat Discoloration Resistancel]

Test sheets were heated at 200°C for 20 minutes.

[0115]

Color tone measurement was performed on the heated test sheets and test sheets prior to the
heating treatment based on the L*a*b* color system (JIS Z 8729). The color tone
measurement was performed with a spectrophotometer (model number "SC-T45") available

from Suga Test Instruments Co., Ltd.

[0116]

Based on this result, a color difference in test sheets before and after the heat treatment was
calculated by the following equation in accordance with J1S Z 8730.

AE = {(AL#)2 + (Aa*®)2 + (Ab*)2}172

AL* = 1L.1*%-1.2*%, Aa* = al*-a2*% Ab* =b1*-b2*,

Note that AE is a color difference in test sheets before the heat treatment test and after the
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heat treatment, LL1* al*, and b1* are respectively measurement values of L*, a*, and b* of
the test sheets before the treatment, and L2% a2* and b2% are respectively measurement

values of L*, a*, and b* of the test sheets after the treatment.

[0117]

Based on this result, the heat discoloration resistance was evaluated as follows. Note that,
in the heat discoloration resistance evaluation, the result indicative of "3" or more means that
the heat discoloration resistance reaches the level of practical use.

4 : AE 1s less than 2,

3 : AK is not less than 2 and is less than 5,

2 : AK is not less than 5 and is less than 10, and

1 : AE is not less than 10.

[0118]

[Table 6]
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[Table 71

44



Evaluation result
Corrosion Coating film
resistance Blakeni Alkali- |Cond . adherence Heat
akening ah ondensation . .
resistance |resistance| resistance Solvent: Clear discoloration
72hr | 120hr based . resistance
. coating
paint
41 4 4 4 4 4 4 4 4
2 4 4 4 4 4 4 4 4
43 4 4 4 4 4 4 4 4
4| 4 4 4 4 4 4 4 4
45| 4 4 4 4 4 4 4 4
6 4 4 4 4 4 4 4 4
47 4 4 4 4 4 4 4 4
48[ 4 4 4 4 4 4 4 4
49| 4 4 4 4 4 4 4 4
50| 4 4 4 4 4 4 4 4
bl1| 4 4 4 4 4 4 4 4
Example |52 4 4 4 4 4 4 4 4
b3| 4 4 4 4 4 4 4 4
4| 4 4 4 4 4 4 4 4
55| 3 2 4 4 4 4 4 4
56| 3 2 3 3 3 3 3 3
b7 3 2 3 3 3 3 3 3
58] 3 2 3 3 3 3 3 3
59| 3 2 3 3 3 3 3 3
60 3 3 3 3 3 3 3 3
61 3 2 3 3 3 3 3 3
62| 3 2 3 3 3 3 3 3
631 3 3 3 3 3 3 3 3
1 4 4 1 3 1 4 4 3
2 1 1 2 1 1 4 4 1
3 2 1 3 3 3 4 4 3
4 4 4 2 3 3 4 4 2
5 3 2 1 2 2 2 2 3
6 3 2 2 2 2 2 2 3
Comparative I L 1 1 1 1 2 2 2
example 8 2 1 1 1 1 2 2 2
9 1 1 1 1 1 2 2 2
10| 4 4 2 2 2 4 4 1
11 2 1 3 1 3 3 3 3
12 2 1 3 1 3 3 3 3
13| 2 1 2 2 2 3 3 4
14 2 1 1 1 1 3 3 4
15 1 1 1 2 1 3 3 4

[0120]

As can be understood from evaluation results shown in Tables 6 and 7, the aluminum-zinc
plated steel sheets according to the embodiment of the present invention shown in Examples
1 to 63 had excellent corrosion resistance, blackening resistance, condensation resistance,

alkali-resistance, coating film adherence, and heat discoloration resistance.

[0121]
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On the other hand, Comparative Example 1 which corresponds to the test sheet including the
covering film made from only the basic compound (A) and Comparative Example 2 which
corresponds to the test sheet including the covering film made from only the cobalt compound

(B) are poor in any of their capabilities, and thus are not in practical level.

[0122]

Also, Comparative Example 3, in which the amount in terms of mass of cobalt in the covering
film per one side of the plated steel sheet was greater than the prescribed range, is poor in the
corrosion resistance. Furthermore, Comparative Example 4, in which the amount in terms
of mass of cobalt in the covering film per one side of the plated steel sheet was less than the

prescribed range, is poor in  blackening resistance and heat discoloration resistance.

[0123]

Comparative Example 5, in which the aqueous surface regulator had a pH of 6.5,
Comparative Examples 6 and 8 whose amount in terms of mass of transition metal was high,
and Comparative Examples 7 and 9 whose amount in terms of mass of transition metal was
low, are poor in corrosion resistance, blackening resistance, alkali-resistance, and

condensation resistance.

[0124]

Any of the abilities of Comparative Examples 10 to 12 whose covering films were formed from
known surface regulators different from the aqueous surface regulator used in the present
invention are poor in any of their capabilities. Comparative Examples 13 to 15 are devoid of

the covering films and therefore are poor in corrosion resistance and blackening resistance.

[0125]
46



[Covering Film Composition Evaluation]

The covering films of the aluminum-zinc plated steel sheets in the Examples were analyzed
with X-ray photoelectron spectroscopy. As a result, it was confirmed that cobalt hydroxide
and cobalt oxide were present near the surface of the covering film, and metallic cobalt was
present in a region near the surface of the covering film, and also present in a region far from
the surface of the covering film. It was also confirmed that oxides and hydroxides of
transition metal were present in a region near the surface of the covering film and also

present in a region far from the surface of the covering film.

[0126]

FIGS. 2, 3, and 4 show charts obtained by analyzing the covering film in Example 1 with
X-ray photoelectron spectroscopy. FIG. 2 shows that peaks indicating the presence of
metallic cobalt are present in the region Al. According to this, it can be confirmed that
metallic cobalt is present in a region extending from the surface to a depth of about 100 nm of
the covering film. Note that it can be confirmed that cobalt hydroxide and cobalt oxide are
present near the surface of the covering film because peaks indicating the presence of cobalt
hydroxide and peaks indicating cobalt oxide are respectively detected in regions A2 and A3
shown in FIG. 2. Zr3d peaks indicating the presence of a Zr-O bond are detected in the
region B1 shown in FIG. 3. Accordingly, it can be confirmed that zirconium hydroxide and
zirconium oxide are present in a region extending from the surface to a depth of about 100 nm
of the covering film. Ols peak (approximately 531.2 eV) in zirconium hydroxide and Ols
peak (approximately 529.9 eV) in zirconium oxide can be detected in FIG. 4. Although these
two peaks cannot be completely separated because they are close, according to the chart
shown in FIG. 4, it can be found that zirconium hydroxide and zirconium oxide are present in
a mixed manner, and the ratio of zirconium hydroxide at an internal portion of the covering

film tends to increase with an increase in the distance of the internal portion from the surface
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of the covering film.

01271

With Comparative Example 5, as a rvesult of analyzing the covering film using X-ray
photoelectron spectroscopy, metallic cobalt was not detected in the covering flm. It is
conceivable that this is because a reaction between a compound in the agueous surface
regulator and a component in the plating layer is unlikely to occur when the pH of the
agueous surface regulator is small like Comparative Example 5, and thus metallic cobalt is

not deposited.

i0128]

It is to be clearly understood that mere reference herein to any previous or existing
apparatus, products, systems, methods, practices, publications {(including patent publications)
or to any other information, or to any problems or issues, does not constitute an
ackvowledgement or admission that any of those things, whether individually or in any
combination, formed part of the common general knowledge of those skilled in the field, or

that they are admissible prior art.

{01291

The term ‘comprise’ and variants of the term such as ‘comprises or ‘comprising are used
herein to denote the inclusion of a stated integer or stated integers but not to exclude any
other integer or any other integers, unless in the context or usage an exclusive interpretation

of the term is required.

101301

In compliance with the statute, the invention has been described in language more or less specific to
structural or methodical features. It is to be understood that the invention is not limited to specific
features shown or described since the means herein described comprises preferred forms of putting the
invention inte effect.  The invention is, therefore, claimed in any of its forms or modifications within the

proper scope of the appended claims appropriately interpreied by those skilled in the art.
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CLAIMS

1. An aluminum-zinc plated steel sheet, comprising:
a plated steel sheet; and
a covering film that covers the plated steel sheet,
the covering film containing:
a basic compound of transition metal other than cobalt and chromium; and
metallic cobalt, or metallic cobalt and a cobalt compound,
an amount of the covering film per one side of the plated steel sheet being within a
range of 0.01 to 0.8 g/m2,
an amount in terms of mass of transition metal other than cobalt in the covering film
per one side of the plated steel sheet being within a range of 4 to 400 mg/m?2,
an amount in terms of mass of cobalt in the covering film per one side of the plated
steel sheet being within a range of 0.1 to 20 mg/m2, and
a percentage of a total amount of a phosphorus compound and a fluorine compound in

the covering film being 1% by mass or less.

2. The aluminum-zinc plated steel sheet according to claim 1, wherein
the amount in terms of mass of cobalt in the covering film is greater than 0.5 mg/m?

and not greater than 20 mg/m2,

3. The aluminum-zinc plated steel sheet according to claim 1 or 2, wherein
the plated steel sheet includes a plating layer containing zinc and aluminum, and
a percentage of aluminum in the plating layer is within a range of 1% by mass to 75% by

mass.

4, The aluminum-zinc plated steel sheet according to claim 3, wherein
the plating layer contains magnesium, and
a percentage of magnesium in the plating layer is greater than 0% by mass and not

greater than 6.0% by mass.

5. The aluminum-zinc plated steel sheet according to claim 3 or 4, wherein
the plating layer contains Si so that a percentage by mass of Si to aluminum in the

plating layer is within a range of 0.1% to 10%.

6. The aluminum-zinc plated steel sheet according to claim 3, 4 or 5, wherein
the plating layer contains at least one of: Ni in an amount of greater than 0% by mass

and not greater than 1% by mass of the plating layer; and Cr in an amount of greater than 0%
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by mass and not greater than 1% by mass of the plating layer.

7. The aluminum-zinc plated steel sheet according to claim 3, 4, 5 or 6, wherein

the plating layer contains at least one of: Ca in an amount of greater than 0% by
mass and not greater than 0.5% by mass of the plating layer; Sr in an amount of greater than
0% by mass and not greater than 0.5% by mass of the plating layer; Y in an amount of greater
than 0% by mass and not greater than 0.5% by mass of the plating layer; La in an amount of
greater than 0% by mass and not greater than 0.5% by mass of the plating layer; and Ce in an

amount of greater than 0% by mass and not greater than 0.5% by mass of the plating layer.

8. The aluminum-zinc plated steel sheet according to any one of the preceding claims,
wherein

the transition metal in the basic compound includes zirconium.

9. The aluminum-zinc plated steel sheet according to any one of the preceding claims,
wherein
the transition metal in the basic compound is at least one selected from a group

consisting of zirconium, vanadium, molybdenum, and niobium.

10. The aluminum-zinc plated steel sheet according to any one of the preceding claims,
wherein

the covering film is formed through applying an aqueous surface regulator onto the
plated steel sheet and drying the aqueous surface regulator on the plated steel sheet, the
aqueous surface regulator having a pH of 7.5 to 10 and containing a basic compound (A) of

transition metal other than cobalt and chromium, a cobalt compound (B), and water.

11. The aluminum-zinc plated steel sheet according to claim 10, wherein
a peak metal temperature of the plated steel sheet in drying the aqueous surface

regulator on the plated steel sheet is within a range of 40 to 200°C.

12. A method for producing an aluminum-zinc plated steel sheet, comprising a step of
forming a covering film through applying an aqueous surface regulator onto a plated steel
sheet and drying the aqueous surface regulator on the plated steel sheet, the aqueous surface
regulator having a pH of 7.5 to 10 and containing a basic compound (A) of transition metal
other than cobalt and chromium, a cobalt compound (B), and water,

wherein a percentage of a total amount of a phosphorus compound and a fluorine

compound in the covering film is 1% by mass or less.
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13. The method for producing the aluminum-zingc plated steel sheet according to claim 12,
wherein
a peak metal temperature of the plated steel sheet in drying the aqueous surface

regulator on the plated steel sheet is within a range of 40 to 200°C.

14. The method for producing the aluminum-zinc plated steel sheet according to claim 12
or 13, wherein
a mass ratio of an amount of atoms of cobalt contained in the cobalt compound (B) to

a total amount of the basic compound (A) is within a range of 1/10 to 1/1000.
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