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[Title of the Invention]

SURFACE-TREATED METAL SHEET

[Technical Field]

[0001]

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

Priority is claimed on Japanese Patent Application No. 2020-189316, filed

November 13, 2020, the content of which is incorporated herein by reference.

[Background Art]

[0002]

Conventionally, treating steel sheets having a coating layer containing zinc with

a chromate such as a hexavalent chromate in order to prevent rust has been widely

performed, and in order to impart further advanced corrosion resistance, fingerprint

resistance, scratch resistance, lubricity and the like according to necessity, coating with

an organic resin is performed, and furthermore, overcoating with various paints is then

15 performed.
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[0003]

In recent years, against the background of increasing environmental problems,

there has been a movement to avoid chromate treatments. Since a chromate treatment

layer itself has advanced corrosion resistance and paint adhesion, it is expected that these

aspects of performance will be significantly reduced if this chromate treatment is not

performed. Therefore, it has become necessary to form a rust-preventive layer having

favorable corrosion resistance and paint adhesion simply by one-step treatment with an

organic resin without performing a base treatment based on a chromate treatment.

[0004]

Patent Document 1 describes a surface metal treatment material having a
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composite coating containing respective components obtained by applying a surface-

treated metal agent composed of an organosilicon compound, at least one fluoro

compound selected from fluorotitanic acid and fluorozironic acid, phosphoric acid, and a

vanadium compound to a surface of a metal material and drying it.

5 [0005]

10

15

20

Patent Document 2 describes a surface metal treatment material having a

composite coating containing an organosilicon compound, at least one fluoro compound

selected from fluorotitanic acid and fluorozironic acid, phosphoric acid, a vanadium

compound, and a lubricant which is at least one selected from the group consisting of an

aqueous dispersion type polyethylene wax, polypropylene wax and

polytetrafluoroethylene, and has a number average particle size of 0.01 µm to 1.0 µm and

a softening temperature of 100°C or higher on a surface of a metal material.

[0006]

Patent Document 3 describes a chromate-free surface-treated metal material

having a conversion coating formed by applying an aqueous treatment agent containing

an organosilicon compound and an organic fluorine compound having a perfluoroalkyl

group to the surface of a metal material, and drying or baking it.

[0007]

Patent Document 4 describes a surface-treated metal material having a

composite coating which contains an organosilicon compound as a film-forming

component, at least one metal compound selected from the group consisting of titanium

compounds and zirconium compounds, a phosphate compound and a fluorine compound

as inhibitor components, and in which an abundance ratio of cyclic siloxane bonds and

chain siloxane bonds in the organosilicon compound is 1.0 to 2.0 as a ratio W1/W2 of the

25 absorbance W1 at 1,090 to 1,100 cm¹ indicating a cyclic siloxane bond and the
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absorbance W2 at 1,030 to 1,040 cm¹ indicating a chain siloxane bond according to an

FT-IR reflection method on the surface of a metal material.

[Citation List]

[Patent Document]

5 [0008]

[Patent Document 1]

Japanese Patent No. 4776458

[Patent Document 2]

Japanese Patent No. 5335434
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Japanese Patent No. 4709942

15

20

25

[Patent Document 4]

Japanese Patent No. 5336002

[Summary of the Invention]

[Problems to be Solved by the Invention]

[0009]

Incidentally, the lubricity performance of a plated steel sheet on which a

conversion coating is formed by a chemical conversion treatment is determined by the

conversion coating on the outermost surface. The lubricity is evaluated by factors such

as a dynamic friction coefficient on the surface of the conversion coating. When a

conventional chromate coating is replaced with a chromate-free coating, a substitute

chromate-free coating is required to have a level of lubricity equivalent to that of the

chromate coating. If the lubricity of the chromate-free coating is reduced, when a

plurality of plated steel sheets are stacked flat, load collapse, which was not a problem

with the chromate coating, is more likely to occur. In addition, if the lubricity of the
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chromate-free coating is different from the lubricity of the chromate coating, for

example, when roll forming is performed on the plated steel sheet, it is necessary to

readjust processing setting conditions. However, so far there have been no attempts to

make the lubricity of a chromate-free coating closer to the lubricity of a chromate

5 coating.

[0010]

The present invention has been made in view of the above circumstances and an

object of the present invention is to provide a surface-treated metal sheet having a

conversion coating that has a level of lubricity equivalent to that of a conventional

10 chromate coating and has excellent corrosion resistance and paint adhesion.
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[Means for Solving the Problem]

[0011]

The gist of the present invention, which has been made to address the above

problems, is as follows.

[1] A surface-treated metal sheet according to one aspect of the present invention

including:

a steel sheet;

a coating layer (plating layer) containing zinc formed on the steel sheet; and

a conversion coating formed on the coating layer,

wherein the conversion coating contains an organosilicon compound, a

phosphate compound and a fluorine compound,

wherein, when the surface roughness in a rectangular area with a side of 1 µm

on the surface of the conversion coating is represented by an arithmetic mean height of

the scale limited surface Sa, a maximum height of the scale limited surface Sz, and a root

mean square height of the scale limited surface Sq, one or more of an arithmetic mean
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height of the scale limited surface Sa being 0.10 to 10.0 nm, a maximum height of the

scale limited surface Sz being 1.0 to 1,000 nm, and a root mean square r height of the

scale limited surface Sq being 0.10 to 100 nm are satisfied.

[2] In the surface-treated metal sheet according to [1], when the surface roughness in a

rectangular area with a side of 5 μm on the surface of the conversion coating is

represented by an arithmetic mean height of the scale limited surface Sa, a maximum

height of the scale limited surface Sz, and a root mean square height of the scale limited

surface Sq, one or more of an arithmetic mean height of the scale limited surface Sa

being 0.10 to 10 nm, a maximum height of the scale limited surface S being 1.0 to 1,000

nm, and a root mean square height of the scale limited surface Sq being 0.10 to 100 nm

may be satisfied.

[3] In the surface-treated metal sheet according to [1] or [2], the rectangular area with a

side of 1 µum on the surface of the conversion coating may contain 1 or more and 100 or

less granular organosilicon compound particles having a major axis of 10 nm or more

15 and 300 nm or less.
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[4] In the surface-treated metal sheet according to any one of [1] to [3], the coating layer

may have an average chemical composition containing, in mass%,

Al: more than 4.0% and less than 25.0%,

Mg: more than 1.0% and less than 12.5%,

Sn: 0% to 20%,

Bi: 0% and less than 5.0%,

In: 0% and less than 2.0%,

Ca: 0% to 3.0%,

Y: 0% to 0.5%,

La: 0% and less than 0.5%,
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Ce: 0% and less than 0.5%,

Si: 0% and less than 2.5%,

Cr: 0% and less than 0.25%,

Ti: 0% and less than 0.25%,

Ni: 0% and less than 0.25%.

Co: 0% and less than 0.25%,

V: 0% and less than 0.25%,

Nb: 0% and less than 0.25%.

Cu: 0% and less than 0.25%.

Mn: 0% and less than 0.25%,

Fe: 0% to 5.0%,

Sr: 0% and less than 0.5%,

Sb: 0% and less than 0.5%.

Pb: 0% and less than 0.5%, and

B: 0% and less than 0.5% with the remainder being Zn and impurities.

[Effects of the Invention]

[0012]

According to the above aspects of the present invention, it is possible to provide

a surface-treated metal sheet having a conversion coating that has a level of lubricity

equivalent to that of a conventional chromate coating and has excellent corrosion

resistance and paint adhesion.

[Brief Description of Drawings]

[0013]

FIG. 1 is a schematic cross-sectional view of a surface-treated metal sheet

25 according to the present embodiment.
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FIG. 2 is a schematic view illustrating a method of producing a surface-treated

metal sheet according to the present embodiment.

[Embodiment(s) for implementing the Invention]

[0014]

In order to realize a conversion coating that has a level of lubricity equivalent to

that of a conventional chromate coating and also has paint adhesion and corrosion

resistance, the inventors conceived a conversion coating design for controlling the

roughness of a microscopic area on the surface of a conversion coating. Generally, the

roughness is measured in an area of "mm (millimeters)" or "cm (centimeters)" as a

measurement area by a roughness meter or the like. However, the inventors postulated

that the roughness in a micrometer area actually controls the lubricity (dynamic friction

coefficient) and paint adhesion, and designed the following chromate-free coating.

[0015]

That is, it was found that, in order to improve the paint adhesion and control the

lubricity (dynamic friction coefficient) according to a physical action, when the surface

roughness in a rectangular (including a square) area with a side length of 1 µm is

represented by an arithmetic mean height of the scale limited surface Sa, a maximum

height of the scale limited surface Sz, and a root mean square height of the scale limited

surface Sq, and one or more conditions among an arithmetic mean height of the scale

limited surface Sa being 0.10 to 10.0 nm, a maximum height of the scale limited surface

Sz being 1.0 to 1,000 nm, and a root mean square height of the scale limited surface Sq

being 0.10 to 100 nm are satisfied, the lubricity (dynamic friction coefficient) can be

made to be equivalent to that of the chromate coating.

[0016]

In addition, it was found that, in a rectangular area with a side length of 5 µm,
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when one or more of an arithmetic mean height of the scale limited surface Sa being 0.10

to 10.0 nm, a maximum height of the scale limited surface Sz being 1.0 to 1,000 nm, and

a root mean square height of the scale limited surface Sq being 0.10 to 100 nm are

satisfied, the lubricity can be better controlled.

5 [0017]

In addition, it can be understood that, in order to improve the paint adhesion

according to a chemical action, when the main component of the conversion coating is an

organosilicon compound, the lubricity (dynamic friction coefficient) can be made to be

equivalent to that of the chromate coating, and the paint adhesion is improved.

10 [0018]
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In addition, it is found that it is effective to incorporate a phosphate compound

and a fluorine compound into a conversion coating as components that improve corrosion

resistance without influencing lubricity and paint adhesion.

[0019]

It can be understood that, in order to realize the above design concept,

immediately after a surface-treated metal agent with a viscosity of 0.5 mPa-s to 2.0 mPa-s

is applied, when natural drying (first drying process) is performed in an atmosphere of 10

to 35°C and a relative humidity of 30 to 90% for 0.2 to 10 seconds, and additional heat

drying (second drying process) is then performed, the roughness of the microscopic area

on the surface of the conversion coating can be controlled to be to be within the above

range.

[0020]

Hereinafter, a surface-treated metal sheet which is one embodiment of the

present invention will be described.

The surface-treated metal sheet of the present embodiment includes a steel sheet,
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a coating layer containing zinc formed on the steel sheet, and a conversion coating

formed on the coating layer, the conversion coating contains an organosilicon compound,

a phosphate compound and a fluorine compound, and when the surface roughness in a

rectangular area with a side of 1 µm on the surface of the conversion coating is

represented by an arithmetic mean height of the scale limited surface Sa, a maximum

height of the scale limited surface Sz, and a root mean square height of the scale limited

surface Sq, one or more conditions of an arithmetic mean height of the scale limited

surface Sa being 0.10 to 10 nm, a maximum height of the scale limited surface Sz being

1.0 to 1,000 nm, and a root mean square height of the scale limited surface Sq being 0.10

to 100 nm are satisfied.

In addition, when the surface roughness in a rectangular area with a side of 5 µm

on the surface of the conversion coating is represented by an arithmetic mean height of

the scale limited surface Sa, a maximum height of the scale limited surface Sz, and a root

mean square height of the scale limited surface Sq, it is preferable that one or more of an

arithmetic mean height of the scale limited surface Sa being 0.10 to 10.0 nm, a maximum

height of the scale limited surface Sz being 1.0 to 1,000 nm, and a root mean square

height of the scale limited surface Sq being 0.10 to 100 nm be satisfied.

In addition, the rectangular area with a side of 1 µm on the surface of the

conversion coating preferably contains 1 or more and 100 or less granular organosilicon

compound particles having a major axis of 10 nm or more and 300 nm or less.

[0021]

In the following description, "%" of the amount of each element in the chemical

composition means "mass%." In addition, when a numerical value range is indicated

using "to," the range includes numerical values stated before and after "to" as a lower

limit value and an upper limit value. Here, a numerical value range when "more than"
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or "less than" is attached to numerical values stated before and after "to" means a range

that does not include these numerical values as a lower limit value or an upper limit

value.

[0022]

5 <Steel sheet 11>

As shown in FIG. 1, a surface-treated metal sheet 1 according to the present

embodiment can obtain the same level of lubricity as when a chromate coating is formed

by a coating layer 12 and a composite coating 13. In addition, the surface-treated metal

sheet 1 according to the present embodiment has excellent corrosion resistance and paint

adhesion of the conversion coating. Therefore, a steel sheet 11 is not particularly

limited, and it may be determined according to application products, the required

strength, the sheet thickness and the like. For the material of the steel sheet 11, for

example, various steel sheets such as general steel, Ni pre-plated steel, Al killed steel,

ultra-low carbon steel, high carbon steel, various high-tensile steels, and some high-alloy

15 steels (steel containing strengthening elements such as Ni and Cr, etc.) can be applied.

In addition, conditions such as a production method (a hot rolling method, a pickling

method, a cold rolling method, etc.) of the steel sheet 11 are not particularly limited.

addition, as the steel sheet 11, a steel sheet on which a film of a metal or alloy such as

In

Zn, Ni, Sn, or an alloy thereof having a thickness of less than 1 µm is formed may be

20 used. Examples of the steel sheet 11 include hot-rolled steel sheets described in JIS G

3193:2008 and cold-rolled steel sheets described in JIS G 3141:2017.

[0023]

<Coating layer 12>

The coating layer 12 provided on the surface-treated metal sheet 1 according to

25 the present embodiment is formed on the surface of the steel sheet 11 and contains zinc.
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The amount of zinc may be, for example, 50 mass% or more. In addition, the coating

layer 12 may contain aluminum. In addition, it may further contain magnesium. The

corrosion resistance of the coating layer 12 improves in the order of a coating layer

containing zinc, a coating layer containing zinc and aluminum, and a coating layer

5 containing zinc, aluminum and magnesium. The surface-treated metal sheet 1

10
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according to the present embodiment may have any coating layer among these coating

layers. When aluminum is contained, the amount thereof is less than 25.0 mass%, and

when magnesium is contained, the amount thereof is less than 12.5 mass%.

[0024]

As the coating layer 12 containing zinc, for example, a coating layer of hot-dip

galvanized steel or electrogalvanized layer composed of zinc and the remainder being

impurities may be exemplified. In addition, as the coating layer 12 containing zinc and

aluminum, for example, a hot-dip coating layer composed of zinc, aluminum and the

remainder being impurities, and a hot-dip coating layer containing additional additive

elements may be exemplified. In addition, as the coating layer 12 containing zinc,

aluminum and magnesium, for example, a hot-dip coating layer composed of zinc,

aluminum, magnesium and the remainder being impurities and a hot-dip coating layer

containing additional additive elements may be exemplified.

[0025]

20 Hereinafter, a chemical composition of the coating layer 12 containing zinc,

aluminum, and magnesium will be described.

The coating layer 12 preferably has a chemical composition including Al: more

than 4.0% and less than 25.0%, Mg: more than 1.0% and less than 12.5%, Sn: 0% to

20%, Bi: 0% and less than 5.0%, In: 0% and less than 2.0%, Ca: 0% to 3.0%, Y: 0% to

25 0.5%, La: 0% and less than 0.5%, Ce: 0% and less than 0.5%, Si: 0% and less than 2.5%,
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Cr: 0% and less than 0.25%, Ti: 0% and less than 0.25%, Ni: 0% and less than 0.25%,

Co: 0% and less than 0.25%, V: 0% and less than 0.25%, Nb: 0% and less than 0.25%,

Cu: 0% and less than 0.25%, Mn: 0% and less than 0.25%, Fe: 0% to 5.0%, Sr: 0% and

less than 0.5%, Sb: 0% and less than 0.5%, Pb: 0% and less than 0.5%, B: 0% and less

5 than 0.5% with the remainder being Zn and impurities.

[0026]

[Al: more than 4.0% and less than 25.0%]

Al is an element effective for securing corrosion resistance in the coating layer

12 containing aluminum (Al), zinc (Zn), and magnesium (Mg). In order to sufficiently

10 obtain the above effect, the Al content is preferably more than 4.0%.
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On the other hand, if the Al content is 25.0% or more, corrosion resistance of the

cut end surface of the coating layer 12 decreases. Therefore, the Al content is

preferably less than 25.0%.

[0027]

[Mg: more than 1.0% and less than 12.5%]

Mg is an element having an effect of improving corrosion resistance of the

coating layer 12. In order to sufficiently obtain the above effect, the Mg content is

preferably more than 1.0%.

On the other hand, if the Mg content is 12.5% or more, the effect of improving

corrosion resistance is maximized and the processability of the coating layer 12

deteriorates. In addition, if the Mg content is 12.5% or more, production problems

occur such as an increase in the amount of dross generated in a coating bath. Therefore,

the Mg content is preferably less than 12.5%.

[0028]

The coating layer 12 may contain Al and Mg, with the remainder being Zn and

12
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impurities. However, as necessary, it may further contain the following elements.

[0029]

[Sn: 0% to 20%]

[Bi: 0% and less than 5.0%]

5 [In: 0% and less than 2.0%]

When the coating layer 12 contains these elements, new intermetallic compound

phases such as a Mg2Sn phase, a Mg3Bi2 phase, and a Mg3In phase are formed in the

coating layer 12.

These elements form an intermetallic compound phase only with Mg without

forming an intermetallic compound phase with either Zn or Al that constitutes the main

body of the coating layer 12. When a new intermetallic compound phase is formed, the

weldability of the coating layer 12 changes greatly. Since any intermetallic compound

phase has a high melting point, it exists as an intermetallic compound phase without

evaporating after welding. Mg,  which inherently tends to form MgO through

oxidization from welding heat, does not oxidize because of the formation of an

intermetallic compound phase with Sn, Bi, and In, and it becomes easy to remain without

change as the intermetallic compound phase in the coating layer 12 even after welding.

Therefore, when these elements are present in the coating layer 12, corrosion resistance

and sacrificial corrosion resistance are improved, and corrosion resistance around the

welded part is improved. In order to obtain the above effects, the amount of each

element is preferably 0.05% or more.

Among these elements, Sn is preferable because it is a low-melting-point metal

and can be easily contained without impairing the properties of a coating bath. The

upper limit of these elements may be 20% or less for Sn, less than 5.0% for Bi, and less

25 than 2.0% for In.
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[CLAIMS] 

What is claimed is: 

1.   A surface-treated metal sheet, comprising: 

 a steel sheet; 

 a coating layer containing zinc formed on the steel sheet; and 

 a conversion coating formed on the coating layer, 

 wherein the amount of zinc of the coating layer is 50 mass% or more, 

 wherein the conversion coating contains a zirconium compound, a vanadium 

compound, an organosilicon compound, a phosphate compound and a fluorine compound, 

 wherein, the average value of F/Si, which is the ratio of the solid content mass of F 

derived from the fluorine compound and the solid content mass of Si derived from the 

organosilicon compound, is 0.01 to 0.15, 

 wherein, the average value of Zr/Si, which is the ratio of the solid content mass of Zr 

derived from the zirconium compound and the solid content mass of Si derived from the 

organosilicon compound, is 0.06 to 0.15, 

 wherein, the average value of V/Si, which is the ratio of the solid content mass of V 

derived from the vanadium compound and the solid content mass of Si derived from the 

organosilicon compound, is 0.010 to 0.200, 

 wherein F/Si, Zr/Si and V/Si are measured as described in the description, 

 wherein, when the surface roughness in a rectangular area with a side of 1 μm on the 

surface of the conversion coating is represented by an arithmetic mean height of the scale 

limited surface Sa, a maximum height of the scale limited surface Sz, and a root mean square 

height of the scale limited surface Sq, one or more of an arithmetic mean height of the scale 

limited surface Sa being 0.10 to 10.0 nm, a maximum height Sz being 1.0 to 1,000 nm, and a 

root mean square r height of the scale limited surface Sq being 0.10 to 100 nm are satisfied, 

 wherein Sa, Sz and Sq are measured as described in the description. 

 

2.   The surface-treated metal sheet according to claim 1, 

 wherein, when the surface roughness in a rectangular area with a side of 5 μm on the 

surface of the conversion coating is represented by an arithmetic mean height of the scale 

limited surface Sa, a maximum height of the scale limited surface Sz, and a root mean square 

height of the scale limited surface Sq, one or more of an arithmetic mean height of the scale 
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limited surface Sa being 0.10 to 10.0 nm, a maximum height of the scale limited surface Sz 

being 1.0 to 1,000 nm, and a root mean square height of the scale limited surface Sq being 

0.10 to 100 nm are satisfied. 

 

3.   The surface-treated metal sheet according to claim 1 or 2, 

 wherein a rectangular area with a side of 1 μm on the surface of the conversion 

coating contains 1 or more and 100 or less granular organosilicon compound particles having 

a major axis of 10 nm or more and 300 nm or less. 

 

4.   The surface-treated metal sheet according to any one of claims 1 to 3, 

 wherein the coating layer has an average chemical composition containing, in 

mass%, 

Al: more than 4.0% and less than 25.0%, 

Mg: more than 1.0% and less than 12.5%, 

Sn: 0% to 20%, 

Bi: 0% and less than 5.0%, 

In: 0% and less than 2.0%, 

Ca: 0% to 3.0%, 

Y: 0% to 0.5%, 

La: 0% and less than 0.5%, 

Ce: 0% and less than 0.5%, 

Si: 0% and less than 2.5%, 

Cr: 0% and less than 0.25%, 

Ti: 0% and less than 0.25%, 

Ni: 0% and less than 0.25%, 

Co: 0% and less than 0.25%, 

V: 0% and less than 0.25%, 

Nb: 0% and less than 0.25%, 

Cu: 0% and less than 0.25%, 

Mn: 0% and less than 0.25%, 

Fe: 0% to 5.0%, 

Sr: 0% and less than 0.5%, 
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Sb: 0% and less than 0.5%, 

Pb: 0% and less than 0.5%, and 

B: 0% and less than 0.5% with the remainder being Zn and impurities. 

 

 


