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DESCRIPTION

TITLE OF INVENTION: SURFACE-TREATED STEEL SHEET
TECHNICAL FIELD
[0001]

The present invention relates to a surface-treated steel sheet.

The present application claims priority based on Japanese Patent Application
No. 2022-161691 filed in Japan on October 6, 2022, and Japanese Patent Application No.
2022-161692 filed in Japan on October 6, 2022, the contents of which are incorporated
herein by reference.

BACKGROUND ART
[0002]

Conventionally, a plated steel sheet (zinc-based-plated steel sheet) in which a
plating layer mainly composed of a zinc concentration is formed on a surface of a steel
sheet has been used in a wide range of applications such as automobiles, building
materials, and home electric appliances.

In addition, for the purpose of imparting corrosion resistance, coating adhesion,
and the like to the surface of such a zinc-based-plated steel sheet, a method of performing
a chromate treatment with a treatment solution containing chromic acid, dichromic acid,
or a salt thereof as a main component, a method of performing a treatment using a metal
surface treatment agent containing no chromium, a method of performing a phosphate
treatment, a method of performing a treatment with a silane coupling agent alone, a
method of performing an organic resin coating treatment, and the like are generally
known and practically used.

[0003]

In particular, in recent years, a metal surface treatment agent containing no
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chromium has been developed under various laws and regulations on a hexavalent
chromium compound that may adversely affect the environment and the human body.
As the metal surface treatment agent not containing chromium, there is a technique of
using an oxide or a hydroxide of a group 4 metal such as Ti or Zr.

For example, Patent Document 1 discloses a chromate-free chemical treatment
steel sheet in which a zinc-plated steel sheet or a zinc alloy-plated steel sheet is used as a
substrate, and a chemical conversion-treated film in which an oxide or hydroxide of a
valve metal in which an oxide exhibits high insulation resistance and a fluoride coexist is
formed on the surface of the substrate.

In addition, Patent Document 2 discloses a hot-dip zinc alloy-plated steel sheet
having exceptional corrosion resistance in which a chemical conversion film mainly
composed of one or two or more of a hydroxide, an oxide, an oxyacid, an oxyacid salt,
and a fluoride of a valve metal is formed on a Mg-containing zinc alloy-plated layer via
an interface reaction layer containing one kind or two or more kinds selected from
magnesium fluoride, magnesium phosphate, and a composite compound of magnesium
and a valve metal oxyacid salt. In Patent Document 2, by using a zinc alloy-plated layer
containing Mg as a base, an interface reaction layer containing Mg is formed to exhibit
high white rust resistance (corrosion resistance).

In addition, Patent Document 3 discloses a hot-dip zinc alloy-plated steel sheet
having exceptional corrosion resistance in which a composite chemical conversion film
of Ti and V is formed on a Zn-Al alloy-plated layer via an Al-F interface reaction layer.
In Patent Document 3, a reaction layer of Al-F is formed by using a zinc alloy-plated
layer containing Al as a base to exhibit high white rust resistance.

Patent Document 4 discloses a chromate-free precoated metal sheet including: a

metal sheet; and an upper layer coating film (o) formed on at least one surface of the
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metal sheet, wherein the chromate-free precoated metal sheet has an underlayer treatment
layer () between the metal sheet and the upper layer coating film (), and the underlayer
treatment layer (p) is formed by blending (1) a film-forming component (X) containing:
an organosilicon compound (C) obtained by blending and reacting a silane coupling
agent (A) containing an amino group in the molecule and a silane coupling agent (B)
containing a glycidyl group in the molecule, wherein the organosilicon compound (C)
has a cyclic siloxane bond and a chain siloxane bond in the structure thereof, and an
abundance ratio between the cyclic siloxane bond and the chain siloxane bond
represented by a ratio [C1/C2] between an absorbance (C1) at 1,090 to 1,100 cm’!
indicating the cyclic siloxane bond according to an FT-IR reflection method and an
absorbance (C2) at 1,030 to 1,040 cm™ indicating the chain siloxane bond is 0.4 to 2.5;
and at least one cationic organic resin (D) selected from a polyurethane resin, a phenol
resin, and epoxy resin; and (2) an inhibitor component (Y) containing: at least one metal
compound (E) selected from a titanium compound and a zirconium compound; a
phosphate compound (J); and a fluorine compound (F), wherein the inhibitor component
(Y) need not contain the fluorine compound (F) when the metal compound (E) is a
fluorometallic complex compound (E’), thereby adjusting an underlayer treatment agent,
and applying and drying the underlayer treatment agent.
Citation List
Patent Document
[0004]

Patent Document 1: Japanese Unexamined Patent Application, First Publication
No. 2002-194558

Patent Document 2: Japanese Unexamined Patent Application, First Publication

No. 2007-23309
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Patent Document 3: Japanese Unexamined Patent Application, First Publication
No. 2003-306777

Patent Document 4: Japanese Unexamined Patent Application, First Publication
No. 2012-237065
SUMMARY OF INVENTION
Technical Problem
[0005]

The techniques disclosed in Patent Documents 1 to 3 are exceptional techniques
that have been put to practical use as a surface-treated steel sheet subjected to chromate-
free surface treatment, which is exceptional in corrosion resistance. In order to improve
the corrosion resistance of the chromate-free treatment, a technique of forming a reaction
layer containing a metal element contained in a plating layer has been used as described
in Patent Documents 2 and 3. However, it has been found that there is a case where
corrosion resistance is insufficient in these prior arts due to recent advancement of
customer needs.

For example, in a zinc-plated steel sheet using plating not containing Mg or Al,
it is difficult to form the reaction layer as described in Patent Document 2 or 3, and there
has been a problem that corrosion resistance of a flat part (flat portion) and a worked
portion is insufficient. In addition, also in the case of a zinc-based-plated steel sheet
using plating containing Mg or Al in a plating layer, when a chemical conversion coating
(film) is formed in a continuous hot-dip plated steel sheet manufacturing line, the time
from the application of a chemical treatment solution to a surface of a zinc-plated steel
sheet to the formation of a chemical conversion coating by drying is as very short as
within 5 seconds from the viewpoint of productivity, and thus Mg and Al contained in a

Zn phase of zinc alloy plating are extremely small, so that there has been a problem that
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the reaction layer is hardly formed on the Zn phase of the plating, and corrosion
resistance is insufficient.

In addition, in Patent Document 4, it is necessary to contain an organic resin as a
film-forming component. Therefore, even if corrosion resistance and coating film
adhesion are exceptional, there is a problem that conductivity is poor.

For this reason, a surface-treated steel sheet exceptional in corrosion resistance
(white rust resistance) and conductivity is desired in both the worked portion and the flat
portion.

[0006]

An object of the present invention is to provide a surface-treated steel sheet
exceptional in corrosion resistance and conductivity on the premise of a surface-treated
steel sheet having a chromate-free chemical conversion coating on a surface of a zinc-
based plated steel having a plating layer containing zinc or a zinc alloy on a surface of a
steel.

Solution to Problem
[0007]

The corrosion resistance of the surface-treated steel having a chemical
conversion coating is improved as the barrier property (property of blocking permeation
of corrosion factors such as moisture and chloride ions) of the chemical conversion
coating is higher. In addition, in a portion where the chemical conversion coating is
damaged due to defects or the like, corrosion resistance such as white rust resistance is
improved as the effect (inhibitor effect) of preventing corrosion of the plating layer due
to elution of a substance (mainly a metal element) in the chemical conversion coating
when moisture adheres is higher.

As described above, the chemical conversion coatings disclosed in Patent
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Documents 1 to 3 are coatings having both the barrier property and the inhibitor effect,
but in an environment where higher white rust resistance than before is desired, each
property is not sufficient, and there is a concern that the plating layer is corroded and
white rust is generated early.

In view of such circumstances, the present inventors have studied a method for
enhancing the barrier property and the inhibitor effect of a chemical conversion coating
on the premise of a chemical conversion coating not containing an organic resin from the
viewpoint of conductivity.

As aresult, the present inventors have found that when a chemical conversion
coating is formed on a surface of a zinc-plated layer or a zinc alloy-plated layer in a short
time, by forming a plurality of sites where a specific element is concentrated in addition
to controlling the concentration of each element from the vicinity of an interface between
a Zn phase of the zinc-plated layer or the zinc alloy-plated layer and the chemical
conversion coating and a surface of the chemical conversion coating, the barrier property
of the chemical conversion coating is improved, and corrosion resistance can be
dramatically improved.

[0008]

The present invention has been made in view of the above findings. The gist of
the present invention is as follows.

[1] A surface-treated steel sheet according to an aspect of the present invention
includes:

a base steel sheet;

a plating layer formed on a surface of the base steel sheet; and

a coating formed on a surface of the plating layer,

wherein the plating layer has a Zn concentration of 40 mass% or more and 100
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mass% or less and a Mg concentration of O mass% or more and less than 4.0 mass%, and

when the concentration of C, O, F, Mg, Al, Si, P, Ti, V, Zn, and Zr is
continuously measured from the plating layer toward a surface of the surface-treated steel
sheet by line analysis in a thickness direction,

a position where the concentration of Zn becomes 35.0 mass% or less for the
first time is defined as an interface between the plating layer and the coating, and

a region including the interface in the range of 10 nm on the side of the plating
layer and the range of 15 nm on the side of the coating from the interface in the thickness
direction is defined as a boundary region, and

when the range of 10 nm from the center of the interface and a surface of the
coating to the surface side in the thickness direction is defined as a center portion of the
coating,

one or more of the following formulas (1) to (3) and (4) to (12) are satisfied.

Dti>50 (1)
Dzr>50 (2)
Dv>50 (3)

Dti + Dzr + Dv<25.0 (4)
Bc<10.0 (5)

5.0 M<Amg <250 (6)
0.5<Bmg<5.0 (7)
15.0/M < Af<40.0 (8)
0.5<Bf<150 (9
Amg/Bmg=>2.0 (10)
Af/Bf>2.0 (11)

Bsi<5.0 (12)
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wherein the Dti is a maximum concentration of Ti in mass% from the interface
to a center in the thickness direction from the interface to the surface,

the Dzr is a maximum concentration of Zr in mass% from the interface to a
center in the thickness direction from the interface to the surface,

the Dv is a maximum concentration of V in mass% from the interface to a center
in the thickness direction from the interface to the surface,

the Bc is an average concentration of C in mass% in the center portion of the
coating,

the Amg is a maximum concentration of Mg in mass% in the boundary region of
the coating,

the Bmg is an average concentration of Mg in mass% in the center portion of the
coating,

the Af is a maximum concentration of F in mass% in the boundary region of the
coating,

the Bf is an average concentration of F in mass% in the center portion of the
coating,

the Bsi is an average concentration of Si in mass% in the center portion of the
coating, and

the M is a constant that is 1 when the plating layer has a Mg concentration of 0
mass% or more and less than 1.0 mass% and is 2 when the plating layer has a Mg
concentration of 1.0 mass% or more and less than 4.0 mass%.

[2] The surface-treated steel sheet according to [1] may further satisfy the
following formula (13):

0<Cmg<5.0 (13)

wherein the Cmg is a concentration of Mg in mass% at a position of 10 nm on



10

15

20

25

9

the side of the plating layer from the interface in the thickness direction of the plating
layer.

[3] The surface-treated steel sheet according to [1] or [2] may further satisfy the
following formulas (14) to (16):

5.0<Aal<20.0 (14)

0.2<Bal<5.0 (15)

Aal/Bal >5.0 (16)

wherein the Aal is a maximum concentration of Al in mass% in the boundary
region, and the Bal is an average concentration of Al in mass% in the center portion of
the coating.

[4] The surface-treated steel sheet according to any one of [1] to [3] may further
satisfy the following formulas (17) to (18):

10.0<Ap<25.0 (17)

0.5<Bp<8.0 (18)

wherein the Ap is a maximum concentration of P in mass% in the boundary
region, and the Bp is an average concentration of P in mass% in the center portion of the
coating.

[5] The surface-treated steel sheet according to any one of [1] to [4] may further
satisfy the following formula (19):

1.0<Bzn<30.0 (19)

wherein the Bzn is an average concentration of Zn in mass% in the center
portion of the coating.

[6] The surface-treated steel sheet according to any one of [1] to [5] may further
satisfy the following formula (20):

At/Bf>2.5 (20).
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Advantageous Effects of Invention
[0009]

According to the above-described aspect of the present invention, it is possible
to provide a surface-treated steel sheet exceptional in corrosion resistance and
conductivity.

BRIEF DESCRIPTION OF DRAWINGS
[0010]

[FIG. 1] A schematic view illustrating an example of a cross section of a surface-
treated steel sheet according to the present embodiment.

[FIG. 2] A diagram showing an example of elemental analysis results in the
thickness direction obtained using FE-TEM with an energy dispersive X-ray analyzer.
DESCRIPTION OF EMBODIMENTS
[0011]

A surface-treated steel sheet according to an embodiment of the present
invention (surface-treated steel sheet according to the present embodiment) will be
described. In a range of numerical value limitation with “to” interposed therebetween
described below, the values at both ends are included in the range as the lower limit and
the upper limit.  On the other hand, a numerical value indicated as “more than” or “less
than” is not included in the numerical value range. Also, the unit of the ratio (for
example, Amg/Bmg, which is the ratio of Amg to Bmg described later) is all
dimensionless.

As shown in FIG. 1, a surface-treated steel sheet 1 according to the present
embodiment has a base steel sheet 10, a plating layer 20 formed on a surface of the base
steel sheet 10, and a coating 30 formed on a surface of the plating layer 20. The plating

layer 20 is a zinc-plated layer or a zinc alloy-plated layer having 0% or more and less
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than 4.0% of Mg. From the viewpoint of conductivity, it is not preferable to have a
coating further containing an organic resin on the coating 30. Therefore, the surface-
treated steel sheet 1 may consist of the base steel sheet 10, the plating layer 20 formed on
the surface of the base steel sheet 10, and the coating 30 formed on the surface of the
plating layer 20. The coating 30 is, for example, a chemical conversion coating.

Also, in the present embodiment, when the concentration (concentration
distribution) of C, O, F, Mg, Al, Si, P, Ti, V, Zn, and Zr is continuously measured from
the plating layer toward a surface of the surface-treated steel sheet by line analysis in the
thickness direction, a position where the concentration of Zn becomes 35.0 mass% or less
for the first time is defined as an interface 25 between the plating layer 20 and the coating
30.

In addition, a region including the interface 25 in the range of 10 nm on the side
of the plating layer 20 and the range of 15 nm on the side of the coating 30 from the
interface 25 in the thickness direction is defined as a boundary region A.

The plating layer 20 and the coating 30 may be formed on one surface or both
surfaces of the base steel sheet 10.

[0012]

The line analysis is performed using FE-TEM (Field Emission-Transmission
Electron Microscope) with an energy dispersive X-ray analyzer under the following
conditions, for example.

A test piece is cut out from the surface-treated steel sheet on which a coating is
formed by a cryogenic focused ion beam (FIB) method, and a cross section structure of
the obtained test piece is observed with a transmission electron microscope (TEM) at a
magnification at which the entire coating and a part of the Zn phase of the plating layer

fall within the observed visual field (100,000 to 1,000,000 times). In order to specify



10

15

20

25

12

the constituent elements of each layer, the concentration of C, O, F, Mg, Al, Si, P, Ti, V,
Zn, and Zr is continuously measured from the plating layer toward a surface of the
coating, which is also a surface of the surface-treated steel sheet, in the thickness
direction, using TEM-EDS (Energy Dispersive X-ray Spectroscopy). The acceleration
voltage at the time of observation and EDS analysis is set to 200 kV.

Since the plating layer is clearly different from the coating when observed with
FE-TEM, a position clearly different from the coating can be determined to be the plating
layer when observed with FE-TEM. The start point of the line analysis may be, for
example, an arbitrary position of the plating layer observed by FE-TEM. In addition,
even if the plating layer cannot be sufficiently identified by observation with FE-TEM, if,
for example, the Zn concentration is 85 mass% or more and both the Mg concentration
and the Al concentration are 1.0 mass% or less at the start point of the line analysis by
EDS, the start point is certainly the plating layer, and thus it is not necessary to perform
the observation with FE-TEM or the line analysis by EDS again.

The end point of the line analysis may be a position where Bmg or the like
described later (average concentration of Mg or the like in the center portion B of the
coating described later) can be measured and calculated. For example, the end point of
the line analysis may be a position of 30%, 20%, or 10% of the thickness of the coating
from the surface of the surface-treated steel sheet, or the surface of the coating (the
surface of the surface-treated steel sheet), or the surface of the surface-treated steel sheet
(the surface of the coating).

[0013]

Although the line analysis can also be performed by EPMA, the concentration

distribution of each element in the coating of the surface-treated steel sheet according to

the present embodiment cannot be analyzed with high accuracy because the observation
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with high magnification cannot be performed by EPMA as compared with TEM.
Therefore, in the present embodiment, the line analysis is performed using a FE-TEM
with an energy dispersive X-ray analyzer.
[0014]

Hereinafter, the base steel sheet, the plating layer, and the coating will be
described.
[0015]

<Base Steel Sheet>

In the surface-treated steel sheet according to the present embodiment,
exceptional corrosion resistance can be obtained by the plating layer and the coating.
Therefore, the base steel sheet is not particularly limited. The base steel sheet may be
determined by a product to be applied, desired strength, sheet thickness, and the like, and
for example, a hot-rolled soft steel sheet and a steel strip described in JIS G 3131:2018 or
JIS G 3113:2018, a hot-rolled steel sheet and a steel strip for automobile structure
(sometimes referred to as a hot-rolled steel sheet as a whole), a cold-rolled steel sheet and
a steel strip described in JIS G 3141:2021 or JIS G 3135:2018, or a workable cold-rolled
high tensile strength steel plate and a steel strip for automobiles (sometimes referred to as
a cold-rolled steel sheet as a whole) can be used.
[0016]

<Plating Layer>

The chemical composition of the plating layer included in the surface-treated
steel sheet according to the present embodiment has a zinc (Zn) concentration (content)
of 40 mass% or more and 100 mass% or less, and a Mg concentration (content) of O
mass% or more and less than 4.0 mass%. The plating layer is a zinc-plated layer or a

zinc alloy-plated layer.
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Al: 0% or more and less than 25.0%,
Sn: 0% or more and 20% or less,

Bi: 0% or more and less than 5.0%,
In: 0% or more and less than 2.0%,
Ca: 0% or more and 3.0% or less,

Y: 0% or more and 0.5% or less,

La: 0% or more and less than 0.5%,
Ce: 0% or more and less than 0.5%,
Si: 0% or more and less than 2.5%,
Cr: 0% or more and less than 0.25%,
Ti: 0% or more and less than 0.25%,
Ni: 0% or more and less than 0.25%,
Co: 0% or more and less than 0.25%,
V: 0% or more and less than 0.25%,
Nb: 0% or more and less than 0.25%,
Cu: 0% or more and less than 0.25%,
Mn: 0% or more and less than 0.25%,
Fe: 0% or more and 5.0% or less,

Sr: 0% or more and less than 0.5%,
Sb: 0% or more and less than 0.5%,
Pb: 0% or more and less than 0.5%,
B: 0% or more and less than 0.5%, and

the remainder: impurities.
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Elements other than Zn, including Mg and Al, are all optional elements, and
their lower limit is 0%. That is, the chemical composition of the plating layer may be
only Zn and impurities. If necessary, the Mg concentration may be 0.1% or more, 0.5%
or more, or 1.0% or more, and the Mg concentration may be 3.5% or less, 3.0% or less,
or 2.5% or less. If necessary, the Al concentration may be 0.1% or more, 0.2% or more,
1.0% or more, or 4.0% or more, and the Al concentration may be 21.0% or less, 17.0% or
less, or 12.0% or less.  If necessary, the Zn concentration may be 50% or more, 60% or
more, 70% or more, 80% or more, or 85% or more, and the Zn concentration may be less
than 100%, less than 99%, less than 97%, or less than 95%.

The total concentration of impurities is preferably less than 1.0%.

[0017]

The chemical composition of the plating layer can be determined by dissolving
the plating layer in, for example, a 10% HCI aqueous solution containing an inhibitor that
suppresses corrosion of base metal (base steel sheet) (for example, IBIT manufactured by
Asahi Chemical Co., Ltd.), and performing composition analysis by ICP emission
spectrometry.

[0018]

The coating amount of the plating layer is not limited but is preferably 10 g/m?
or more per one surface for improving corrosion resistance. On the other hand, even
when the coating amount per one surface exceeds 200 g/m?, corrosion resistance is
saturated, and it is economically disadvantageous. Therefore, the coating amount is
preferably 200 g/m? or less.

[0019]
The type of the plating layer is also not limited. For example, the plating layer

may be a hot-dip plating layer or an electroplating layer.
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[0020]

<Coating>

In the surface-treated steel sheet according to the present embodiment, the
coating exists on the plating layer (a surface opposite to the base steel sheet). The
coating may be referred to as a chemical conversion coating, a base treatment coating, a
surface treatment coating, or the like.

In the present embodiment, the range of 10 nm from the center of the interface
between the plating layer and the coating and the surface of a coating to the surface side
in the thickness direction is defined as a center portion B of the coating.

As described later, the coating is a chemical conversion coating formed by
applying a chemical treatment solution obtained by further adding phosphoric acid and
nitric acid to an aqueous solution containing any of Ti, Zr, and V, Mg, and F, and drying
the solution, and may contain any of Ti, Zr, and V, Mg, and F, and may contain P and Si.
From the viewpoint of conductivity, the coating does not contain an organic resin.
[0021]

In the coating included in the surface-treated steel sheet according to the present
embodiment (the coating according to the present embodiment), when Dti (unit: mass%)
i1s a maximum concentration of Ti, Dzr (unit: mass%) is a maximum concentration of Zr
in mass%, and Dv (unit: mass%) is a maximum concentration of V in mass%, in a range
from the interface to a center in the thickness direction from the interface to the surface,
one or more selected from Dti, Dzr, and Dv are 5.0% or more, and the total of one or
more is 25.0% or less. In this case, the barrier property of the coating is enhanced.

When each value is increased, the coating becomes brittle and the barrier
property is deteriorated, and therefore, the total of Dti, Dzr, and Dv is preferably 20.0%

or less.
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That is, the surface-treated steel sheet according to the present embodiment

satisfies one or more of formulas (1) to (3) and formula (4).

Dti>50 (1)
Dzr>5.0 (2)
Dv>5.0 (3)

Dti+Dzr+Dv <250 (4)
[0022]

In the coating according to the present embodiment, the average concentration
(Bc (unit: mass%)) of C in the center portion B of the coating described above is less
than 10.0%. That is, the surface-treated steel sheet according to the present
embodiment satisfies formula (5).

Bc<10.0 (5)

When Bc is 10.0% or more, the barrier property of the coating is deteriorated,
and corrosion resistance is deteriorated. As described above, from the viewpoint of
conductivity, the coating does not substantially contain an organic resin (1 mass% or
less). There is no simple measurement method capable of confirming that the organic
resin is 1 mass% or less by analysis of the coating. However, when the blending
amount of the organic resin in the surface treatment solution increases, the C
concentration in the coating increases. Therefore, in the present embodiment, Bc is less
than 10.0% even as an index indicating that the organic resin is 1 mass% or less. In
order to obtain exceptional corrosion resistance, Bc is more preferably 6.0% or less, 4.5%
or less, or 3.0% or less. Since the lower limit of Bc is not limited, the lower limit of B¢
is 0%. If necessary, Bc may be 0.5% or more, 1.0% or more, or 1.5% or more.

[0023]

In addition, in the coating according to the present embodiment, Amg (unit:
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mass%), which is a maximum concentration of Mg in the boundary region A, is 2.5 to
25.0%, Bmg (unit: mass%), which is an average concentration of Mg in the center
portion B of the coating, is 0.5 to 5.0%, and Amg/Bmg, which is a ratio of Amg to Bmg,
is 2.0 or more. That is, Mg is concentrated in the vicinity of the interface. When a
predetermined amount of Mg is contained and Mg is concentrated in the vicinity of the
interface, the barrier property of the coating is improved, and corrosion resistance is
improved.

When Amg is less than 2.5%, Bmg is less than 0.5%, or Amg/Bmg is less than
2.0, the effect of improving corrosion resistance is not sufficiently obtained.

However, when the Mg concentration of the plating layer is less than 1.0 mass%,
the effect cannot be obtained when Amg is less than 5.0%. This is because since the
volume percentage of Zn in the plating structure is large, it is necessary to form a Mg-
concentrated layer stronger than a plating layer containing more Mg (1.0% or more) in
order to suppress generation of white rust. Therefore, when the Mg concentration of the
plating layer is 0% or more and less than 1.0% in mass%, Amg is 5.0 to 25.0%.

On the other hand, when Amg is more than 25.0%, adhesion between the plating
layer and the coating is reduced, and corrosion resistance decreases. When Bmg is
more than 5.0%, a portion where Mg is concentrated is not formed, and corrosion
resistance decreases.

[0024]

That is, the surface-treated steel sheet according to the present embodiment
satisfies the following formulas (6), (7), and (10).

5.0 M<Amg<250 (6)

0.5<Bmg<5.0 (7)

Amg/Bmg=>2.0 (10)
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Here, M is a constant that is 1 when the Mg concentration in the chemical
composition of the plating layer is 0% or more and less than 1.0% in mass% and is 2
when the Mg concentration is 1.0% or more and less than 4.0%.

If necessary, Amg may be 20.0% or less, 15.0% or less, 12.0% or less, 10.0% or
less, or 8.0% or less. In particular, the upper limit of Amg may be limited only when
the Mg concentration in the chemical composition of the plating layer is 1.0 mass% or
more and less than 4.0 mass%, and for example, Amg may be 12.0% or less, 10.0% or
less, 8.0% or less, or 6.0% or less.

Also, if necessary, Bmg may be 4.0% or less, 3.0% or less, or 2.0% or less.

The upper limit of Amg/Bmg does not need to be particularly determined, but
Amg/Bmg may be 20.0 or less, 15.0 or less, or 10.0 or less.  If necessary, Amg/Bmg
may be 2.5 or more, 3.5 or more, or 4.5 or more.

[0025]

In addition, F is also an element that enhances the barrier property of the
coating, and similarly to Mg, F is contained in a predetermined amount in the coating and
then concentrated in the vicinity of the interface.

Specifically, in the coating, Af (unit: mass%), which is a maximum
concentration of F in the boundary region A, is 7.5 to 40.0%, Bf (unit: mass%), which is
an average concentration of F in the center portion B of the coating, is 0.5 to 15.0%, and
Af/Bf, which is a ratio of the Af to the Bf, is 2.0 or more.

When Af is less than 7.5%, Bf is less than 0.5%, or Af/Bf is less than 2.0, the
effect of improving corrosion resistance is not sufficiently obtained.

However, when the Mg concentration of the plating layer is less than 1.0 mass%,
the effect cannot be obtained when Af is less than 15.0%. This is because, since the

volume percentage of Zn in the plating structure is large, it is necessary to form a F-
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concentrated layer stronger than a plating layer containing more Mg in order to suppress
generation of white rust. Therefore, when the Mg concentration of the plating layer is
0% or more and less than 1.0% in mass%, Af is 15.0 to 40.0%.

On the other hand, when Af is more than 40.0%, excessive F inhibits the barrier
property, and corrosion resistance decreases. When Bf is more than 15.0%, a portion
where F is concentrated is not formed, and exceptional corrosion resistance is not
obtained.

[0026]

That is, the surface-treated steel sheet according to the present embodiment
satisfies the following formulas (8), (9), and (11).

15.0/M < Af<40.0 (8)

0.5<Bf<15.0 (9)

Af/Bf>2.0 (11)

Here, M is a constant (M=1) when the Mg concentration in the chemical
composition of the plating layer is 0% or more and less than 1.0% in mass%, and is 2
(M=2) when the Mg concentration is 1.0% or more and less than 4.0%.

In addition, the following formula (20) is preferably satisfied.

Af/Bf>2.5 (20)

If necessary, Af may be 38.0% or less, 35.0% or less, 30.0% or less, 25.0% or
less, or 20.0% or less. In particular, the upper limit of Af may be limited only when the
Mg concentration in the chemical composition of the plating layer is 1.0 mass% or more
and less than 4.0 mass%, and for example, Af may be 25.0% or less, 20.0% or less,
16.0% or less, or 12.0% or less.

Also, if necessary, Bf may be 12.0% or less, 10.0% or less, or 7.5% or less.

The upper limit of Af/Bf does not need to be particularly determined, but Af/Bf



10

15

20

25

21

may be 50.0 or less, 30.0 or less, 20.0 or less, or 10.0 or less. If necessary, Af/Bf may
be 3.0 or more, 3.5 or more, or 4.5 or more.
[0027]

In the coating according to the present embodiment, Bsi (unit: mass%), which is
an average concentration of Si in the center portion B of the coating, is less than 5.0%.

That is, the surface-treated steel sheet according to the present embodiment
satisfies the following formula (12).

Bsi<5.0 (12)

When Bsi is 5.0% or more, a barrier coating is not formed, and corrosion
resistance decreases. From the viewpoint of improving corrosion resistance, Bsi is
more preferably 2.0% or less.  If necessary, Bsi may be 1.5% or less, 1.0% or less, or
0.5% or less.

The lower limit of Bsi is 0%, but Bsi may be 0.1% or more.

[0028]

In the surface-treated steel sheet according to the present embodiment, Bzn
(unit: mass%), which is an average concentration of Zn in the center portion B of the
coating, is preferably 1.0 to 30.0%.

That is, the surface-treated steel sheet according to the present embodiment
preferably satisfies the following formula (19).

1.0<Bzn<30.0 (19)

When the coating contains Zn, corrosion resistance is improved. When Bzn 1s
less than 1.0%, the effect cannot be sufficiently obtained. On the other hand, when Bzn
is more than 30.0%, corrosion resistance decreases, which is not preferable. If
necessary, Bzn may be 25.0% or less, 21.0% or less, or 18.0% or less, and Bzn may be

1.5% or more, 2.0% or more, 3.5% or more, or 5.0% or more.
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[0029]

In the surface-treated steel sheet according to the present embodiment, it is
preferable that Aal (unit: mass%), which is a maximum concentration of Al in the
boundary region A, is 5.0 to 20.0%, Bal (unit: mass%), which is an average concentration
of Al in the center portion B of the coating, is 0.2 to 5.0%, and Aal/Bal, which is a ratio
of Aal to Bal, is 5.0 or more. Bal is more preferably 0.2 to 1.0%.

That is, the surface-treated steel sheet according to the present embodiment
preferably satisfies the following formulas (14) to (16).

5.0<Aal<20.0 (14)

0.2<Bal<5.0 (15)

Aal/Bal >5.0 (16)

In this case, corrosion resistance (white rust resistance) is improved.

In consideration of the Al concentration in the plating layer, Aal may be 20.0%
or less or 15.0% or less. Aal may be 0.5% or more, 1.0% or more, 3.0% or more, 7.0%
or more, or 10.0% or more.

Bal may be 3.0% or less, 2.0% or less, or 1.0% or less, and Bal may be 0.1% or
more or 0.3% or more.

The upper limit of Aal/Bal does not need to be particularly determined, but
Aal/Bal may be 80.0 or less, 60.0 or less, or 30.0 or less. If necessary, Aal/Bal may be
7.0 or more, 10.0 or more, or 15.0 or more.

[0030]

In addition, it is preferable that Ap (unit: mass%), which is a maximum
concentration of P in the boundary region A, is 10.0 to 25.0%, and Bp (unit: mass%),
which is an average concentration of P in the center portion B of the coating, is 0.5 to

8.0%.
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That is, the surface-treated steel sheet according to the present embodiment
preferably satisfies formulas (17) to (18).

10.0<Ap<25.0 (17)

0.5<Bp=<8.0 (18)

In this case, corrosion resistance is improved.

[0031]

The coating amount of the coating is preferably 150 to 800 mg/m?.  When the
coating amount is less than 150 mg/m?, corrosion resistance may decrease. On the other
hand, when the coating amount is more than 800 mg/m?, the coating becomes thick, and
the corrosion resistance of the worked portion may decrease.

[0032]

In addition, Cmg (unit: mass%), which is the concentration of Mg at the position
closest to the plating layer (the position of 10 nm on a side of the plating layer from the
interface in the thickness direction) in the boundary region A, is preferably 0% or more
and less than 5.0%.

That is, the surface-treated steel sheet according to the present embodiment
preferably satisfies the following formula (13).

0<Cmg<5.0 (13)

In this case, cracks in plating due to working are reduced, so that worked portion
corrosion resistance is improved.

[0033]

<Manufacturing Method>

Next, a preferred manufacturing method for the surface-treated steel sheet
according to the present embodiment will be described.

The surface-treated steel sheet according to the present embodiment can obtain
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the effect as long as the above-described characteristics are provided regardless of the
manufacturing method, but the following manufacturing method is preferable because
stable manufacturing is possible.

[0034]

That is, the surface-treated steel sheet according to the present embodiment can
be manufactured by a manufacturing method including the following steps.

(D) A plating step of forming a plating layer containing zinc or a zinc alloy on a
surface of a steel sheet; and

(IT) a coating forming step of forming a coating by applying a chemical
treatment solution to a steel sheet having a plating layer, and heating and drying the
chemical treatment solution.

[0035]

[Plating Step]

In the plating step, a steel such as a steel sheet is immersed in a plating bath
containing Zn or a Zn alloy, or electroplating is performed to form a plating layer on the
surface. The method for forming the plating layer is not particularly limited. The
plating may be performed by a normal method so that sufficient plating adhesion can be
obtained.

Further, the steel sheet to be subjected to the plating step and the method for
manufacturing the steel sheet are not limited.  As the steel sheet to be immersed in the
plating bath, for example, a hot-rolled soft steel sheet and a steel strip described in JIS G
3131:2018 or JIS G 3113:2018, a hot-rolled steel sheet and a steel strip for automobile
structure, a cold-rolled steel sheet and a steel strip described in JIS G 3141:2021 or JIS G
3135:2018, or a workable cold-rolled high tensile strength steel plate and a steel strip for

automobiles can be used.
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The composition of the plating bath may be adjusted according to the chemical
composition of the plating layer to be obtained.

After the steel is pulled up from the plating bath, the coating amount of the
plating layer can be adjusted by wiping as necessary.

When Cmg is 0% or more and less than 5.0%, the Mg concentration in the
plating layer is preferably 0 mass% or more and 3.0 mass% or less.

When Aal/Bal is 5.0 or more, the Al concentration in the plating layer is
preferably 0.1 mass% or more.

[0036]

[Coating Forming Step]

In this step, a chemical treatment solution is applied to a steel sheet having a
plating layer, and heated and dried to form a coating (chemical conversion coating).

When the coating according to the present embodiment is formed, the chemical
treatment solution is a treatment solution in which an aqueous solution containing any of
Ti, Zr, and V, Mg, and F, and containing Si as necessary, and phosphoric acid and nitric
acid are further added.

By applying such a treatment solution, a specific element can be concentrated at
the interface between the plating layer and the coating.

Specifically, the element concentrations and the concentrations of phosphoric
acid and nitric acid in the chemical treatment solution are set as follows. Here, the
concentrations of phosphoric acid and nitric acid do not include the concentrations of
phosphate, nitrate, and the like. When phosphoric acid and nitric acid are
simultaneously contained in the above-mentioned ranges, dissolution of plating proceeds,
and a specific substance is concentrated at the interface between the chemical conversion

coating and the plating, whereby the effect of improving adhesion is greatly improved.
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Any one or more of Ti, V, and Zr: 5.0 to 20.0 g/LL

Mg: 0.7 to 7.0 g/LL

F: 14.4to0 46.1 g/LL

P: 6.8t032.9 g/LL

Si: 0.0 to 0.4 g/LL

Phosphoric acid: 10.0 to 80.0 g/LL

Nitric acid: 5.0 to 40.0 g/LL

When Ap and Bp are in predetermined ranges, the P concentration in the
chemical treatment solution is preferably 10.0 g/L. or more.

[0037]

Also, when Bzn is 1.0 to 30.0% from the viewpoint of improving corrosion
resistance, the Zn concentration in the treatment solution is preferably 0.5 to 5.0 g/l.on a
mass basis by controlling the contact time between the treatment solution and the plated
steel sheet when the chemical treatment solution is applied by a roll coater. The Zn
concentration can be adjusted by immersing the plated steel sheet in a treatment solution
or adding Zn powder. In order to increase Bzn, Zn powder, a Zn compound, or the like
may be added to the chemical treatment solution. Even when Zn powder, a Zn
compound, or the like 1s not added to the chemical treatment solution, Bzn is often not
0% because Zn is diffused from the plating layer.

[0038]

Examples of Mg to be contained in the chemical treatment solution include
magnesium fluoride, magnesium nitrate, magnesium sulfate, magnesium chloride, and
magnesium acetate.

[0039]

Examples of F to be contained in the chemical treatment solution include
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compounds such as hydrofluoric acid HF, fluoroboric acid BF4H, fluorosilicic acid
H:Si1Fs, hexafluorozirconic acid H2ZrFe, and titanium hydrofluoric acid H>TiFs. The
compound may be one type or a combination of two or more types. Among these,
hydrofluoric acid is more preferable. When hydrofluoric acid is used, more exceptional
corrosion resistance and coatability can be obtained.

[0040]

When Zr is contained in the chemical treatment solution, examples of the Zr
compound include ammonium zirconium carbonate, hexafluorozirconium hydroacid, and
zirconium ammonium hexafluoride.

Also, when V is contained in the chemical treatment solution, examples of the V
compound include vanadium pentoxide V20s, metavanadic acid HVO3, ammonium
metavanadate, sodium metavanadate, vanadium oxytrichloride VOCl3, vanadium trioxide
V,03, vanadium dioxide VO», vanadium oxysulfate VOSOy4, vanadium
oxyacetylacetonate VO(OC(=CH2)CH2COCH3))2, vanadium acetylacetonate
V(OC(=CH»2)CH2COCH3))3, vanadium trichloride VCl3, and phosphovanadomolybdic
acid. It is also possible to use compounds obtained by reducing a pentavalent vanadium
compound to tetravalence to divalence with an organic compound having at least one
functional group selected from the group consisting of a hydroxyl group, a carbonyl
group, carboxylic acid, a primary to tertiary amino group, an amide group, a phosphate
group, and a phosphonic acid group.

In addition, when Ti is contained in the chemical treatment solution, examples of
the Ti compound include ammonium hexafluorotitanate, titanium hydrofluoric acid, and
titanium nitrate.

[0041]

The method for applying the chemical treatment solution is not limited. For
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example, the chemical treatment solution can be applied using a roll coater, a bar coater,
a spray, or the like.
[0042]

After the chemical treatment solution is applied, the chemical treatment solution
is heated to the maximum heating temperature (maximum attainment temperature
(PMT)) and dried within 5 seconds after the application. The average temperature
rising rate to PMT - 10°C during heating is preferably 5 to 50°C/s.

In a case where Aal/Bal is controlled to be 5.0 or more, it is preferable that
heating is performed in two stages, and the temperature rising rate in the latter half is
faster than the temperature rising rate in the first half. Specifically, when the time from
the start of heating until the temperature reaches a temperature 10°C lower than the
maximum heating temperature (PMT) (PMT - 10°C) is defined as t, it is preferable that
an average temperature rising rate V2 in the latter half of 0.5 t to 1.0 t from the start of
heating is 1.25 times or more an average temperature rising rate V1 in the first half of 0.5
t from the start of heating, that is, V2/V1>1.25. Furthermore, when two-stage heating is
performed so that Aal/Bal is 5.0 or more, the temperature rising rate V1 in the first half is
preferably 5°C/s or more.

In addition, when the in-furnace time for heating and drying is long, F tends to
be concentrated in the vicinity of the interface, and thus Af/Bf increases. For example,
when the in-furnace time is 15 seconds or more, Af/Bf can be 2.5 or more.

Also, in heating, it is preferable to blow to the steel sheet through a punching
metal (a steel sheet having a plurality of through-holes).

Examples
[0043]

Metal sheets (plated steel sheets) having plating having a plating layer
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composition shown in Table 1 were prepared. The coating amount of the plating layer
was 70 g/m?. A metal sheet No. 1 was prepared by electroplating, metal sheets Nos. 2
to 8 were prepared by hot-dip plating, and a metal sheet No. 4 was prepared by heat
treatment (alloying treatment) after hot-dip plating. In Table 1, for example, 99.6%Zn-
0.2%A1l indicates a composition containing 99.6% of Zn and 0.2% of Al, and the same
applies to the others. The remainder of the plating layer composition is impurities.

As a substrate of the plated steel sheet, a cold-rolled steel sheet satisfying JIS
G3141:2021 was used.
[0044]

[Table 1]

Metal sheet No. Plating layer composition (mass%)
1 Zn(99.8%)
99.6%7n-0.2%Al
97.8%2n-0.2%Al1-0.8%Mg
90.2%7n-9.0%Fe
98.2%7n-0.2%Al-1.2%Mg
90.8%7Zn-6.0%Al1-3.0%Mg
87.8%2Zn-11.0%Al1-3.0%Mg
85.0%7Zn-11.0%A1-3.8%Mg

o3 BEN [ i@, W [N &, T IRV SN IR UM I \O)

[0045]

A chemical treatment solution having a composition shown in Tables 4-1, 4-2,
and 5 was applied to the plated steel sheet. The chemical treatment solution was
applied with a roll coater. Note that, in Nos. 48 and 118, the chemical treatment
solution contained 1.1 wt% of a polyurethane resin as an organic resin component.

The element concentration in the chemical treatment solution was adjusted by
mixing (NHs)>TiFs, (NH4)2ZrFe, V205, MgHPO4-3H20, H3PO4, NH4F, HNO3,

Ca(NO3)2-4H20, CsH1203S1 (vinyltrimethoxysilane) as necessary, as shown in Table 2-1,
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Table 2-2, and Table 3.

After the chemical treatment solution was applied, hot blast was blown onto the
steel sheet through a punching metal (steel sheet having a plurality of through-holes)
within 5 seconds to heat the steel sheet to the sheet temperature at drying (PMT) in
Tables 4-1, 4-2, and 5 under the conditions in Tables 4-1, 4-2, and 5, and then the steel
sheet was cooled to 20°C by air cooling by blowing air through the punching metal or
water cooling.  As a result, surface-treated steel sheets Nos. 1 to 50 and 101 to 120 were
obtained.

In Tables 4-1, 4-2, and 5, “Temperature rising rate V1 is an average
temperature rising rate in the first half of the time until the temperature reaches a
temperature 10°C lower than the maximum heating temperature (PMT) (PMT - 10°C),
and “Temperature rising rate V2” is an average temperature rising rate in the latter half of
the time until the temperature reaches a temperature 10°C lower than the maximum
heating temperature (PMT) (PMT - 10°C).

The coating amount of the chemical conversion coating was 400 mg/m? except

for No. 40 and No. 41.  No. 40 was 150 mg/m?, and No. 41 was 800 mg/m>.

[0046]
[Table 2-1]
Test Reagent composition of chemical treatment solution (g/L)
No. | (NH4)2TiFs | (NH4)2ZrFs | V20s | MgHPO4-3H20 | HsPO4 | NH4F [HNO3 | Ca(NOs)2-4H20 | CsHi203Si
1 50 - - 15 65 - 5 -
2 35 - - 10 25 - 15 -
3 30 - - 30 65 - 5 -
4 70 - - 20 55 - 10 -
5 65 - - 20 40 - 10 -
6 40 - - 10 30 - 20 -
7 40 - - 20 35 - 5 -
8 75 - - 50 10 - 15 -
9 70 - - 50 75 10 10 -
10 70 - - 20 80 - 20 -
11 50 - - 20 20 - 20 -
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12 25 - - 30 30 - 10 - -
13 80 - - 10 20 - 20 - -
14 - 35 - 30 20 25 40 - -
15 45 - 20 10 20 - 20 - -
16 40 13 - 20 35 - 20 - -
17 55 - - 30 45 - 20 - -
18 50 - - 20 10 - 5 - -
19 35 - - 20 30 - 30 - -
20 70 - - 20 40 - 15 - -
21 65 - - 20 40 - 15 - -
22 45 - - 40 40 - 15 - -
23 30 15 20 10 20 - 20 - -
24 20 - - 22 20 - 10 - -
25 50 - - 5 65 - - - -
[0047]
[Table 2-2]
Test Reagent composition of chemical treatment solution (g/L)
No. | (NHa)2TiFs | (NH4)2Z1rFs | V205 | MgHPO4-3H20 | H3POs| NH4F | HNOs | Ca(NO3)2-4H20 | CsH120sSi
26 35 - - 30 45 - - - -
27 35 - - 20 - - 30 - -
28 35 - - 30 - - 55 - -
29 35 - - 30 - 30 50 - -
30 35 - - 30 - - 20 - -
31 35 - - 20 - - 70 - -
32 45 - - 5 40 - - - -
33 60 - - 5 1 - 55 - -
34 75 - - 20 - - 40 - -
35 77 - - 55 70 - - - -
36 30 - - 30 - - 30 - -
37 50 - - 20 50 - 15 - 15.9
38 30 - - 20 - - 5 - -
39 25 15 10 20 50 20 - - -
40 65 - - 15 35 - 10 - -
41 65 - - 15 30 - 10 - -
42 70 - - 15 45 - 10 - -
43 60 - - 20 - - - - -
44 60 - - 15 - - 55 71 -
45 60 - - 5 30 - 2 - -
46 60 - - 5 81 - 30 - -
47 60 - - 5 20 - 50 - -
48 60 - - 20 5 - 30 - -
49 - 53 - 7 58 - - - -
50 45 - - 20 10 - 40 - 2
[0048]

[Table 3]
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Test Reagent composition of chemical treatment solution (g/L)

No. | (NH4)2TiFs | (NH4)2ZrFs | V205 | MgHPO4:3H20 | H3PO4 | NH4F | HNOs | Ca(NOs)2-4H20 | CsH120sSi
101 30 - - 7 20 - 20 - -
102 30 - - 20 30 - 20 - -
103 30 - - 20 30 - 20 - -
104 25 - - 5 20 - 15 - -
105 25 - - 20 20 - 20 - -
106 25 - - 15 20 - 20 - -
107 35 - - 55 30 - 2 - -
108 45 - - 20 - - 40 - -
109 35 - - 20 30 - - - -
110 60 - - 30 - - 35 - -
111 30 - - 30 30 - - - -
112 45 - - 20 - - 15 - -
113 60 - - 20 - - - - -
114 60 - - 15 - - 55 71 -
115 60 - - 30 - 2 - -
116 60 - - 81 - 30 - -
117 60 - - 20 - 50 - -
118 60 - - 20 5 - 30 - -
119 - 53 - 7 58 - - - -
120 45 - - 20 10 - 40 - 2

[0049]
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[0052]

A test piece was cut out from the prepared surface-treated steel sheet by a
focused ion beam (FIB) processing method with a cooling function, and a cross-sectional
structure of the cut out test piece was observed with a field emission-transmission
electron microscope (FE-TEM) with an energy dispersive X-ray analyzer at a
magnification at which the entire coating and the plating layer enter an observed visual
field.

At that time, since an Al phase, an MgZn» phase, and a Zn phase were present in
the plating layer, the Zn phase was confirmed by contrast (a relatively bright portion of
the dark field image was determined as a Zn phase), and the concentration distribution of
C,O,F Mg, Al, Si, P, Ti, V, Zn, and Zr from the position of the Zn phase confirmed to be
the plating layer, in which the concentration of Zn is 85% or more and both the Mg
concentration and the Al concentration are 1.0% or less with EDS analysis, to the surface
of the surface-treated steel sheet was measured by an energy dispersive X-ray analyzer.
The results are shown in Table 6-1 to Table 9. In addition, FIG. 2 shows the depth

direction element distribution measurement results for Test No. 40 of Examples.

[0053]

[Table 6-1]

Test Concentration index

Dti Dzr Dv |Dti+Dzr+Dv| Bec Am Bm, Af Bf

No. (mass%) | (mass%) | (mass%)| (mass%) |(mass%) (mass%%) (mass%%) Amg/Bmg (mass%) | (mass%) Af/BE
1 15.1 15.1 4.2 9.7 1.3 7.5 19.8 6.8 2.9
2 13.2 13.2 3.8 8.2 1.3 6.3 15.1 2.0 7.6
3 114 11.4 32 11.8 0.8 14.8 20.7 5.9 3.5
4 18.1 18.1 2.9 11.3 1.7 6.5 21.9 6.3 3.5
5 16.8 16.8 6.2 9.8 1.5 6.7 20.2 7.3 2.8
6 12.9 12.9 5.2 5.0 0.5 10.0 154 1.3 11.8
7 14.2 14.2 4.3 5.1 0.6 8.5 194 32 6.1
8 20.2 20.2 4.4 25.0 4.0 6.3 24.8 10.0 2.5
9 174 174 3.7 249 3.9 6.4 38.9 142 2.7
10 16.6 16.6 4.5 9.5 1.7 5.6 19.9 6.9 2.9
11 11.1 11.1 3.1 5.1 0.6 8.5 17.3 4.0 4.3
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12 54 54 3.3 17.7 2.5 7.1 16.4 1.2 13.7
13 25.0 25.0 2.4 6.4 0.7 9.1 249 8.8 2.8
14 13.3 13.3 3.3 9.9 1.5 6.6 23.2 0.6 38.7
15 14.2 6.1 20.3 3.8 9.6 2.3 42 16.3 32 5.1
16 12.6 5.3 17.9 2.2 8.8 0.7 12.6 25.1 12.5 2.0
17 15.8 15.8 2.4 9.8 2.0 4.9 324 11.3 2.9
18 11.1 11.1 1.3 7.3 24 3.0 23.1 34 6.8
19 13.6 13.6 2.1 8.7 1.9 4.6 17.8 5.7 3.1
20 19.3 19.3 2.5 11.7 2.3 5.1 21.1 8.7 2.4
21 18.6 18.6 2.4 11.9 2.1 5.7 20.0 8.5 2.4
22 10.2 10.2 5.7 19.6 1.9 10.3 19.3 42 4.6
23 6.8 5.9 7.2 19.9 3.1 7.6 1.6 4.8 20.7 5.1 4.1
24 49 4.9 2.9 5.7 0.6 9.5 16.7 0.5 334
25 15.2 15.2 3.3 3.2 2.7 12 18.3 6.5 2.8

[0054]

[Table 6-2]

Test Concentration index

Dti Dzr Dv [Dti+Dzr+Dv| Bc Am; Bm Af Bf

No. (mass%) | (mass%) | (mass%)| (mass%) |(mass%) (mass%/o) (mass%%) Amg/Bmg (mass%) | (mass%) Af/BE
26 14.1 14.1 3.1 54 4.5 1.2 16.1 7.7 2.1
27 14.2 14.2 10.3 11.5 0.7 164 19.9 6.1 3.3
28 14.0 14.0 3.5 17.4 2.6 6.7 7.2 1.2 6.0
29 13.8 13.8 2.2 9.7 1.6 6.1 41.0 9.3 4.4
30 14.5 14.5 2.4 12.3 1.7 7.2 15.6 0.4 39.0
31 13.9 139 32 5.6 0.5 11.2 19.2 17.1 1.1
32 15.3 15.3 2.9 1.0 04 2.5 8.4 0.6 14.0
33 18.6 18.6 3.1 4.8 0.9 5.3 124 7.6 1.6
34 17.9 17.9 2.7 5.1 0.6 8.5 10.1 13.2 0.8
35 19.7 19.7 34 254 4.2 6.0 132 4.3 3.1
36 5.7 5.7 2.6 9.8 1.5 6.7 7.0 0.8 8.8
37 10.9 10.9 34 10.3 4.1 2.5 194 3.6 54
38 6.1 6.1 2.8 12.1 1.7 7.1 4.7 0.4 11.8
39 4.9 4.6 4.8 14.3 2.6 9.7 1.3 7.5 13.0 6.8 1.9
40 12.7 12.7 2.9 12.2 2.1 5.8 30.7 12.0 2.6
41 18.5 18.6 2.3 11.9 1.8 6.6 20.2 8.1 2.5
42 19.1 19.3 2.6 10.9 2.2 5.0 21.0 8.8 2.4
43 18.6 18.6 3.1 4.9 0.9 5.4 13.0 7.7 1.7
44 18.6 18.6 2.9 3.7 2.4 1.5 114 7.9 14
45 18.6 18.6 2.3 4.6 2.1 2.2 1.2 8.1 14
46 18.6 18.6 3.0 25.6 3.1 8.3 18.0 7.6 24
47 18.6 18.6 2.8 4.8 0.9 5.3 124 7.5 1.7
48 18.6 18.6 114 5.2 0.8 6.5 16.0 6.5 2.5
49 18.6 18.6 3.1 4.9 0.9 54 137 7.6 1.8
50 18.6 18.6 2.2 6.7 0.9 7.4 15.8 7.4 2.1

[0055]

[Table

7]
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Test Concentration index
Dti Dzr Dv |Dti+Dzr+Dv| Bc Am; Bm Af Bf
No. (mass%) | (mass%) | (mass%) | (mass%) |(mass%) (mass%/o) (mass%;o) Amg/Bmg (mass%) | (mass%) Af/BE
101 7.9 7.9 2.1 2.6 0.8 3.3 7.7 1.5 5.1
102( 9.3 9.3 1.8 5.2 2.1 2.5 10.5 3.3 32
103 17.1 17.1 1.3 4.3 1.9 2.3 7.9 2.8 2.8
104 7.0 7.0 1.5 2.8 0.9 3.1 11.2 5.1 2.2
105 5.7 5.7 2.2 6.1 22 2.8 8.2 2.4 34
106 5.5 5.5 2.1 10.3 42 2.5 8.0 24 3.3
107 14.6 14.6 2.1 24 0.7 34 7.9 3.3 2.4
108| 15.1 15.1 3.5 33 1.2 2.8 7.3 2.1 3.5
109 14.8 14.8 2.9 22 0.6 3.7 124 4.2 3.0
110 182 18.2 4.1 11.6 32 3.6 72 1.7 4.2
111 8.9 8.9 5.7 2.1 0.9 2.3 9.2 4.1 2.2
112 10.5 10.5 32 16.2 3.6 4.5 7.1 2.9 2.4
113 18.6 18.6 3.1 4.9 0.9 5.4 13.0 7.7 1.7
114 18.6 18.6 2.9 3.7 24 15 114 7.9 14
115 18.6 18.6 2.3 4.6 2.1 2.2 11.2 8.1 14
116| 18.6 18.6 3.0 25.6 3.1 8.3 18.0 7.6 2.4
117 18.6 18.6 2.8 4.8 0.9 5.3 124 7.5 17
118] 18.6 18.6 114 5.2 0.8 6.5 16.0 6.5 2.5
119 18.6 18.6 3.1 4.9 0.9 54 13.7 7.6 1.8
120 18.6 18.6 2.2 6.7 0.9 7.4 15.8 7.4 2.1
[0056]
[Table 8-1]
Concentration index
Test -
No. Bsi Cmg Aal Bal Aal/Bal Ap Bp Bzn
(mass%) (mass%) (mass%) (mass%) (mass%) (mass%) (mass%)
1 0.1 2.1 9.6 0.5 19.2 20.3 7.2 11.1
2 0.2 2.7 12.3 0.3 41.0 5.2 0.4 134
3 0.1 1.9 154 0.2 77.0 19.7 7.9 18.1
4 0.1 22 14.7 0.4 36.8 14.3 18.2 18.9
5 0.0 2.6 11.3 0.4 28.3 15.1 16.4 222
6 0.1 1.9 10.1 0.2 50.5 7.2 0.4 5.1
7 0.3 14 13.2 0.6 22.0 10.1 0.5 4.8
8 0.2 1.8 12.2 0.2 61.0 31 12.3 2.0
9 0.1 2.3 11.1 0.3 37.0 25.0 8.0 28.9
10 0.1 2.7 16.8 0.5 33.6 14.8 15.7 29.8
1 0.1 2.3 17.0 1.0 17.0 5.9 12.2 14.2
12 0.1 2.8 17.9 0.8 224 13.9 0.7 18.2
13 0.1 1.7 14.5 0.9 16.1 7.3 0.6 17.3
14 0.1 1.6 16.6 0.7 23.7 124 0.9 27.1
15 0.0 2.5 13.0 0.4 32.5 5.0 0.3 25.7
16 0.2 1.5 12.3 0.3 41.0 12.2 11.1 26.6
17 0.2 2.7 15.5 0.7 22.1 14.6 3.1 20.3
18 0.1 1.9 0.3 0.2 1.5 13.7 0.8 19.8
19 0.0 2.3 7.1 32 2.2 10.5 0.6 234
20 0.1 2.6 14.6 0.6 24.3 14.4 1.1 0.6
21 0.1 2.3 13.0 0.3 433 14.1 1.5 31.0
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22 0.1 2.1 13.2 0.8 16.5 15.7 2.5 32
23 0.2 22 10.4 0.3 34.7 11.8 1.4 10.6
24 0.1 1.2 13.4 0.6 223 11.2 6.5 11.3
25 0.2 2.6 12.1 0.3 40.3 19.9 6.8 19.7
[0057]
[Table 8-2]
Concentration index
Test -
No. Bsi Cmg Aal Bal Aal/Bal Ap Bp Bzn
(mass%) (mass%) (mass%) (mass%) (mass%) (mass%) (mass%)
26 0.1 2.2 14.3 0.6 23.8 13.1 7.8 11.1
27 0.1 1.6 15.8 0.2 79.0 7.2 0.8 18.0
28 0.1 2.8 10.3 0.8 12.9 13.6 0.9 214
29 0.1 1.8 12.3 0.5 24.6 12.0 10.9 26.5
30 0.2 1.6 154 0.7 22.0 6.2 0.9 24.6
31 0.1 2.1 14.2 0.8 17.8 7.2 114 184
32 0.1 1.9 15.6 0.4 39.0 21.1 7.7 10.3
33 0.1 1.7 16.8 0.3 56.0 11.7 0.5 14.2
34 0.2 2.3 17.1 0.3 57.0 9.7 0.5 10.2
35 0.1 1.9 10.2 0.5 20.4 252 0.6 18.7
36 0.1 2.0 15.2 0.3 50.7 6.7 0.6 114
37 5.1 2.2 10.8 0.4 27.0 24.8 7.9 25.6
38 0.1 1.7 16.8 0.3 56.0 12.3 0.4 15.9
39 0.0 1.7 12.3 0.2 61.5 16.8 6.2 13.2
40 0.7 1.1 13.0 0.2 81.3 12.8 154 16.9
41 0.2 2.1 12.2 0.4 30.5 13.1 1.3 18.2
42 0.1 2.0 14.3 0.7 20.4 15.2 1.4 19.3
43 0.1 1.8 6.7 0.3 22.3 14.6 1.2 13.9
44 0.1 1.7 6.2 0.3 20.7 9.8 0.4 11.3
45 0.1 1.9 7.7 0.4 19.3 9.7 0.5 14.2
46 0.1 1.6 154 0.3 51.3 12.2 0.8 13.3
47 0.1 1.7 16.8 0.4 42.0 10.9 0.5 14.2
48 0.1 32 12.2 0.5 24.4 11.4 0.5 14.2
49 0.1 2.1 6.8 0.5 13.6 10.3 0.5 14.2
50 32 33 9.8 0.4 24.5 11.7 0.5 14.2
[0058]
[Table 9]
Concentration index
Test Bsi Cmg Aal Bal Ap Bp Bzn
No. Aal/Bal
(mass%) (mass%) (mass%) (mass%) (mass%) (mass%) (mass%)
101 0.2 2.3 11.3 0.5 22.6 13.9 10.0 20.1
102 0.3 1.3 14.3 0.3 47.7 10.0 0.6 5.1
103 0.1 2.5 14.1 0.3 47.0 15.2 1.1 1.3
104 0.1 1.1 8.7 0.4 21.8 11.1 7.9 4.6
105 0.2 2.7 7.2 0.2 36.0 124 11.2 211
106 0.2 5.2 7.0 0.2 35.0 10.0 11.1 19.8
107 0.2 2.1 16.4 0.6 27.3 13.7 0.8 10.0
108 0.3 1.9 16.8 0.9 18.7 10.5 0.6 11.2
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109 0.1 22 18.3 0.7 26.1 144 1.1 53
110 0.2 2.6 9.9 0.9 11.0 14.1 1.5 13.3
111 0.1 2.1 10.3 0.8 12.9 10.5 0.6 7.7
112 0.5 24 17.3 0.9 19.2 14.1 7.9 3.6
113 0.1 1.8 6.7 0.3 223 14.6 1.2 13.9
114 0.1 1.7 6.2 0.3 20.7 9.8 0.4 11.3
115 0.1 1.9 7.7 0.4 19.3 9.7 0.5 14.2
116 0.1 1.6 154 0.3 51.3 122 0.8 13.3
117 0.1 1.7 16.8 0.4 42.0 10.9 0.5 14.2
118 0.1 32 12.2 0.5 244 11.4 0.5 14.2
119 0.1 2.1 6.8 0.5 13.6 10.3 0.5 14.2
120 32 33 9.8 0.4 245 11.7 0.5 14.2
[0059]

In addition, white rust resistance (flat portion corrosion resistance), worked
portion corrosion resistance, and conductivity of the flat portion (flat part) were evaluated
by the following methods. The results are shown in Table 10-1, Table 10-2, and Table
11.

[0060]

<Flat Portion Corrosion Resistance>

A flat sheet test piece (rectangular test piece of 70 mm x 150 mm) was subjected
to a neutral salt spray test in accordance with JIS Z 2371:2015 at a salt concentration of
70 g+5 g/L for up to each of 72, 120, 168, and 240 hours, and corrosion resistance was
evaluated by the state of white rust generation (area fraction) of the test piece after the
test. Evaluation criteria for corrosion resistance are shown below. After 168 hours, if
the evaluation criteria was SSS or SS, it was determined to have sufficient corrosion
resistance.

(Evaluation criteria for corrosion resistance)

SSS: 3% or less

SS: more than 3% and 5% or less

S: more than 5% and 10% or less

A: more than 10% and 30% or less



10

15

20

25

41
B: more than 30% and 50% or less

C: more than 50%
[0061]

<Worked Portion Corrosion Resistance (White Rust Resistance)>

The center portion of a flat sheet (rectangular test piece of 70 mm x 150 mm)
was subjected to an Erichsen test (7 mm extrusion), then a salt spray test in accordance
with JIS Z 2371:2015 was performed for 72 hours, and the state of white rust generation
of the extruded worked portion was observed. Evaluation was performed using the
same evaluation criteria as in the flat portion corrosion resistance, and a case where the
evaluation criteria was SS or S was determined to have sufficient corrosion resistance.

(Evaluation criteria for corrosion resistance)

SS: more than 5% and 10% or less

S: more than 10% and 30% or less

A: more than 30% and 50% or less

B: more than 50%
[0062]

<Conductivity>

Using the method A of JIS C 2550-4: 2011, the interlayer resistance coefficient
was measured under the condition that the total area of ten contact electrodes was 1,000
mm?.

A case where the evaluation result was A was determined to have sufficient
conductivity.

(Evaluation criteria for conductivity)

A: interlayer resistance coefficient is less than 300 Q-mm?

C: interlayer resistance coefficient is 300 Q-mm? or more
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[Table 10-1]

42

Test Flat portion corrosion resistance Worked portion Conductivity Category

No. 72h 120 h 168 h 240h | corrosion resistance
1 SSS SS SS A SS A Invention Example
2 SSS SS SS S SS A Invention Example
3 SSS SS SS A SS A Invention Example
4 SSS SS SS S SS A Invention Example
5 SSS SS SS S SS A Invention Example
6 SSS SS SS A SS A Invention Example
7 SSS SS SS A SS A Invention Example
8 SSS SS SS A SS A Invention Example
9 SSS SS SS S SS A Invention Example
10 SSS SS SS A SS A Invention Example
11 SSS SS SS A SS A Invention Example
12 SSS SS SS A SS A Invention Example
13 SSS SS SS A SS A Invention Example
14 SSS SS SS A SS A Invention Example
15 SSS SS SS S SS A Invention Example
16 SSS SS SS S SS A Invention Example
17 SSS SS SS A S A Invention Example
18 SSS SS SS A SS A Invention Example
19 SSS SS SS A S A Invention Example
20 SSS SS SS A S A Invention Example
21 SSS SS SS B S A Invention Example
22 SSS SS SS A S A Invention Example
23 SSS SS SS A S A Invention Example
24 SSS A B C S A Comparative Example
25 SSS SS S A S A Comparative Example

[0064]
[Table 10-2]

Test Flat portion corrosion resistance ‘Worked portion Conductivit Cat

No. 72h 120h 168 h 240 h corrosion resistance | orC o CVIY ategory

26 SSS A A B S A Comparative Example
27 SSS A A B S A Comparative Example
28 SSS A B C A A Comparative Example
29 SSS A B C A A Comparative Example
30 SSS SS S A S A Comparative Example
31 SSS SS S A S A Comparative Example
32 SSS A B C A A Comparative Example
33 SSS S A B S A Comparative Example
34 SSS S A B S A Comparative Example
35 SSS SS S A S A Comparative Example
36 SSS S A B S A Comparative Example
37 SSS SS A A S A Comparative Example
38 SSS S A B S A Comparative Example
39 SSS A B C A A Comparative Example
40 SSS SS SS S SS A Invention Example
41 SSS SS SS S SS A Invention Example
42 SSS SS SS S SS A Invention Example
43 SSS S A B S A Comparative Example
44 SSS S A B S A Comparative Example
45 SSS S A B S A Comparative Example
46 SSS S A B S A Comparative Example
47 SSS S A B S A Comparative Example
48 SSS S A B S C Comparative Example
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49 SSS S S S S A Comparative Example
50 SSS SS SS S SS A Invention Example

[0065]

[Table 11]
Test Flat portion corrosion resistance Worked portion Conductivity Category
No. 72h 120 h 168 h 240h | corrosion resistance
101 SSS SSS SS S SS A Invention Example
102 SSS SSS SS S SS A Invention Example
103 SSS SSS SS S SS A Invention Example
104 SSS SSS SS S SS A Invention Example
105 SSS SSS SS A SS A Invention Example
106 SSS SSS SS S S A Invention Example
107 SSS SS S A A A Comparative Example
108 SSS SS S A A A Comparative Example
109 SSS SS S A A A Comparative Example
110 SSS SS S A A A Comparative Example
111 S S A B S A Comparative Example
112 S S A B S A Comparative Example
113 SSS S A B S A Comparative Example
114 SSS S A B S A Comparative Example
115 SSS S A B S A Comparative Example
116 SSS S A B S A Comparative Example
117 SSS S A B S A Comparative Example
118 SSS S A B S C Comparative Example
119 SSS S S S S A Comparative Example
120 SSS SS SS S SS A Invention Example

[0066]

As can be seen from Tables 1 to 11, in Test Nos. 1 to 23, 40 to 42, 50, 101 to
106, and 120 which include a steel sheet, a plating layer, and a coating, and in which the
distribution of elements defined in the present invention is achieved in the range from the
plating layer to the surface of the coating, both corrosion resistance and conductivity are
exceptional.

On the other hand, in Test Nos. 24 to 39, 43 to 49, and 107 to 119 in which the
distribution of elements is out of the scope of the present invention, corrosion resistance
is poor.  Further, in No. 48 and No. 118 containing an organic resin, conductivity is also
poor.

INDUSTRIAL APPLICABILITY
[0067]

According to the present invention, it is possible to provide a surface-treated
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steel sheet exceptional in corrosion resistance and conductivity, and industrial

applicability is high.

REFERENCE SIGNS LIST

[0068]

10
20
30

25

Surface-treated steel sheet

Base steel sheet (steel sheet)

Plating layer (zinc-plated layer or alloyed zinc-plated layer)
Coating (chemical conversion coating)

Interface

Boundary region

Center portion of coating
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CLAIMS

[Claim 1] A surface-treated steel sheet comprising:

a base steel sheet;

a plating layer formed on a surface of the base steel sheet; and

a coating formed on a surface of the plating layer,

wherein the plating layer has a Zn concentration of 40 mass% or more and 100
mass% or less and a Mg concentration of O mass% or more and less than 4.0 mass%, and

when the concentration of C, O, F, Mg, Al, Si, P, Ti, V, Zn, and Zr is
continuously measured from the plating layer toward a surface of the surface-treated steel
sheet by line analysis in a thickness direction,

a position where the concentration of Zn becomes 35.0 mass% or less for the
first time is defined as an interface between the plating layer and the coating, and

a region including the interface in the range of 10 nm on the side of the plating
layer and the range of 15 nm on the side of the coating from the interface in the thickness
direction is defined as a boundary region, and

when the range of 10 nm from the center of the interface and a surface of the
coating to the surface side in the thickness direction is defined as a center portion of the
coating,

one or more of the following formulas (1) to (3) and (4) to (12) are satisfied:

Dti>50 (1)
Dzr>50 (2)
Dv>50 (3)

Dti + Dzr + Dv<25.0 (4)
Bc<10.0 (5)

5.0 M<Amg <250 (6)
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0.5<Bmg<5.0 (7)

15.0/M < Af<40.0 (8)

0.5<Bf<15.0 (9)

Amg/Bmg=>2.0 (10)

Af/Bf>2.0 (11)

Bsi<5.0 (12)

wherein the Dti is a maximum concentration of Ti in mass% from the interface
to a center in the thickness direction from the interface to the surface,

the Dzr is a maximum concentration of Zr in mass% from the interface to a
center in the thickness direction from the interface to the surface,

the Dv is a maximum concentration of V in mass% from the interface to a center
in the thickness direction from the interface to the surface,

the Bc is an average concentration of C in mass% in the center portion of the
coating,

the Amg is a maximum concentration of Mg in mass% in the boundary region of
the coating,

the Bmg is an average concentration of Mg in mass% in the center portion of the
coating,

the Af is a maximum concentration of F in mass% in the boundary region of the
coating,

the Bf is an average concentration of F in mass% in the center portion of the
coating,

the Bsi is an average concentration of Si in mass% in the center portion of the
coating, and

the M is a constant that is 1 when the plating layer has a Mg concentration of 0
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mass% or more and less than 1.0 mass% and is 2 when the plating layer has a Mg
concentration of 1.0 mass% or more and less than 4.0 mass%.
[Claim 2] The surface-treated steel sheet according to claim 1, further satisfying the
following formula (13):

0<Cmg<5.0 (13)

wherein the Cmg is a concentration of Mg in mass% at a position of 10 nm on
the side of the plating layer from the interface in the thickness direction of the plating
layer.
[Claim 3] The surface-treated steel sheet according to claim 1 or 2, further satisfying
the following formulas (14) to (16):

5.0<Aal<20.0 (14)

0.2<Bal<5.0 (15)

Aal/Bal >5.0 (16)

wherein the Aal is a maximum concentration of Al in mass% in the boundary
region, and the Bal is an average concentration of Al in mass% in the center portion of
the coating.
[Claim 4] The surface-treated steel sheet according to any one of claims 1 to 3, further
satisfying the following formulas (17) to (18):

10.0<Ap<25.0 (17)

0.5<Bp<8.0 (18)

wherein the Ap is a maximum concentration of P in mass% in the boundary
region, and the Bp is an average concentration of P in mass% in the center portion of the
coating.
[Claim 5] The surface-treated steel sheet according to any one of claims 1 to 4, further

satisfying the following formula (19):
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1.0<Bzn<30.0 (19)

wherein the Bzn is an average concentration of Zn in mass% in the center
portion of the coating.
[Claim 6] The surface-treated steel sheet according to any one of claims 1 to 5, further
satisfying the following formula (20):

Af/Bf>2.5 (20).



