
[Document Type] Specification

[Title of the Invention] HOT-DIP PLATED STEEL SHEET AND METHOD OF

MANUFACTURING THE SAME

[Technical Field of the Invention]

[0001]

The present invention relates to a hot-dip plated steel sheet and a method of

manufacturing the hot-dip plated steel sheet.

Priority is claimed on Japanese Patent Application No. 2020-075495, filed

April 21, 2020, the content of which is incorporated herein by reference.

[Related Art]

[0002]

A Zn-Al-Mg-based hot-dip plated steel sheet has high corrosion resistance.

Further, a Zn-Al-Mg-Si-based hot-dip plated steel sheet, which is obtained in a case

where a small amount of Si is further contained in the Zn-Al-Mg-based hot-dip plated

steel sheet, is excellent on both corrosion resistance and workability. For this reason,

the Zn-Al-Mg-based hot-dip plated steel sheet and the Zn-Al-Mg-Si-based hot-dip

plated steel sheet are used in various technical fields, such as the field of building

materials, the field of home appliances, and the field of vehicles.

[0003]

Patent Document 1 discloses a highly corrosion-resistant hot-dip galvanized

steel sheet that is excellent in external appearance evenness and includes a hot-dip

galvanized layer provided on the surface thereof and containing Al: 4 to 22 mass%, Mg:

1 to 6 mass%, and a remainder consisting of Zn and unavoidable impurities. The

degree of non-recrystallization of a surface layer of a plating base sheet is 30% or more,

and an average grain size of a ternary eutectic phase of Al/MgZn2/Zn among component



phases of a plating layer is in a range of 10 to 100 µm.

[0004]

Patent Document 2 discloses a highly corrosion-resistant hot-dip galvanized

steel sheet that is excellent in external appearance evenness and includes a plating layer

formed on the surface thereof and containing Al: 4 to 22 mass%, Mg: 1 to 6 mass%, Si:

0.001 to 1 mass%, and a  remainder consisting of Zn and unavoidable impurities.

Mg2Si phases and Ca phases, which contain Ca or Ca compounds as main components,

are present at an interface between the plating layer and a base steel sheet, and at least

part of the Mg2Si phases are precipitated using the Ca phases as nuclei.

[0005]

Patent Document 3 discloses an aluminum-plated steel sheet that is excellent in

corrosion resistance and external appearance and includes a plating layer formed on at

least one surface of a steel sheet and containing, by mass%, Si: 2% or more and 11% or

less, Mg: 3% or more and 9% or less, Ca: 0.1% or more and 5% or less, Ti: 0.005% or

more and 0.05% or less, and a remainder consisting of Al and unavoidable impurities.

Mg2Si particles, of which a diameter on a major axis is 10 µm or less and an aspect ratio

as a ratio of a diameter on the major axis to a diameter on a minor axis is 1 or more and

3 or less, are present in the plating layer.

[Prior Art Document]

[Patent Document]

[0006]

[Patent Document 1] Japanese Unexamined Patent Application, First

Publication No. 2013-14794

[Patent Document 2] Republished Japanese Translation WO2013/002358 of

the PCT International Publication for Patent Applications
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[Patent Document 3] Republished Japanese Translation WO2013/008341 of

the PCT International Publication for Patent Applications

[Disclosure of the Invention]

[Problems to be Solved by the Invention]

[0007]

The present inventors found that a coating film is likely to be peeled off from a

coated steel sheet obtained in a case where coating is performed on the Zn-Al-Mg-Si-

based hot-dip plated steel sheet. As the result of the detailed investigation of the

coated steel sheet from which a coating film is peeled off, it was clarified that the

peeling of a coating film tends to occur at an interface between plating and a base steel

sheet. This result shows that there is a concern about the plating adhesion of a worked

portion of the Zn-Al-Mg-Si-based hot-dip plated steel sheet. The plating adhesion of a

worked portion means the adhesion of plating at a portion to which machining, such as

bending and drawing, has been applied.

[0008]

There are few examples where focus has been on the plating adhesion of a

worked portion in the related art of a Zn-Al-Mg-based hot-dip plated steel sheet or a Zn-

Al-Mg-Si-based hot-dip plated steel sheet. Among the above-mentioned prior art

documents, Patent Document 3 discloses that spherical Mg2Si particles reduce pressure

concentration in forming with high stress and suppress the occurrence and propagation

of potential cracks. However, the peeling of plating has not been examined in Patent

Document 3 at all.

[0009]

The present invention has been made in consideration of the above-mentioned

circumstances and an object of the present invention is to provide a highly corrosion-
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resistant hot-dip plated steel sheet that has excellent plating adhesion of a worked

portion and a method of manufacturing the highly corrosion-resistant hot-dip plated

steel sheet.

[Means for Solving the Problem]

[0010]

The gist of the present invention is as follows.

(1) A hot-dip plated steel sheet according to an aspect of the present invention

includes a base steel sheet and a hot-dip plating layer; a chemical composition of the

hot-dip plating layer contains Al: 4.0 to 22 mass%, Mg: 1 to 10 mass%, Si: 0.0001 to 2

mass%, and a remainder consisting of Zn and impurities; a coating weight of the hot-dip

plating layer is in a range of 40 to 600 g/m² on both surface in total; a total value of an

interface contact length of interface Mg2Si phases present at an interface between the

base steel sheet and the hot-dip plating layer is 20% or less of the visual field, in which

the total value is measured in a visual field having a length of 10 mm in a vertical crosS

section; and a number density of the interface Mg2Si phases having an equivalent circle

diameter of 30 µm or more present at the interface between the base steel sheet and the

hot-dip plating layer is 10 pieces/mm² or less, in which the number density is measured

in a plan view.

(2) In the hot-dip plated steel sheet according to (1), a maximum value of the

interface contact length of the interface Mg2Si phase may be 50 µm or less, in which the

maximum value is measured in the visual field having a length of 10 mm in the vertical

cross section.

(3) In the hot-dip plated steel sheet according to (1) or (2), a ratio b/a of a

length b of the interface Mg2Si phase in an interface-horizontal direction to a length a of

the interface Mg2Si phase in a plating-depth direction may be 0.1 or more and 10 or less
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in the visual field having a length of 10 mm in the vertical cross section.

(4) In the hot-dip plated steel sheet according to any one of (1) to (3), the

chemical composition of the hot-dip plating layer may contain 0.001 to 2 mass% of one

or more selected from Fe, Sb, Pb, Sn, Ca, Co, Mn, P, B, Bi, Cr, Group 3 elements, REM,

and Hf in total, instead of part of the Zn.

(5) In the hot-dip plated steel sheet according to any one of (1) to (4), the

chemical composition of the hot-dip plating layer may contain 0.001 to 2 mass% of one

or more selected from Ni, Ti, Zr, and Sr in total, instead of part of the Zn.

(6) A method of manufacturing a hot-dip plated steel sheet according to another

aspect of the present invention is a method of manufacturing the hot-dip plated steel

sheet according to any one of (1) to (5). The method includes: alkaline degreasing a

base steel sheet using alkaline degreasing liquid containing 0.5 to 5.0 mass% of a

surfactant; water rinsing the base steel sheet after the alkaline degreasing; annealing the

base steel sheet after the water rinsing; and immersing the base steel sheet in a hot-dip

plating bath containing Al: 4.0 to 22 mass%, Mg: 1 to 10 mass%, Si: 0.0001 to 2

mass%, and a remainder consisting of Zn and impurities after the annealing, to form a

hot-dip plating layer. A pH of rinsing water is always set to 8.7 or more and 12 or less

in the water rinsing.

(7) In the method of manufacturing the hot-dip plated steel sheet according to

(6), the hot-dip plating bath may contain 0.001 to 2 mass% of one or more selected from

Fe, Sb, Pb, Sn, Ca, Co, Mn, P, B, Bi, Cr, Group 3 elements, REM, and Hf in total,

instead of part of the Zn.

(8) In the method of manufacturing the hot-dip plated steel sheet according to

(6) or (7), the hot-dip plating bath may contain 0.001 to 2 mass% of one or more

selected from Ni, Ti, Zr, and Sr in total, instead of part of the Zn.
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[Effects of the Invention]

[0011]

According to the present invention, it is possible to provide a highly corrosion-

resistant hot-dip plated steel sheet that has excellent plating adhesion of a worked

portion and a method of manufacturing the highly corrosion-resistant hot-dip plated

steel sheet.

[Brief Description of the Drawings]

[0012]

FIG. 1 is a schematic cross-sectional view of a highly corrosion-resistant hot-

dip plated steel sheet, which has excellent plating adhesion of a worked portion,

according to an aspect of the present invention.

FIG. 2 is a schematic cross-sectional view of the highly corrosion-resistant hot-

dip plated steel sheet, which has excellent plating adhesion of a worked portion,

according to the aspect of the present invention.

[Embodiments of the Invention]

[0013]

The present inventors have performed the detailed structural analysis of plating

peeling that occurs in a worked portion in a case where a plated steel sheet is applied to

a test simulating forming with stress, such as a 180°-bending test. As a result, it has

been clarified that the crystallization form of Mg2Si phases at an interface between a

base steel sheet and plating has a great influence on the plating adhesion of a worked

portion.

[0014]

In a case where the cross-sectional observation of Mg2Si phases (hereinafter,

referred to as "interface Mg2Si phases") present at an interface between a base steel
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sheet and a hot-dip plating layer in a normal plated steel sheet is performed, the

interface Mg2Si phases are present along the interface. The present inventors have

found that the plating adhesion of a worked portion is improved in a case where the

lengths of the interface Mg2Si phases along the interface (interface contact lengths) are

reduced. Further, it can be confirmed that the interface Mg2Si phases adhere to the

base steel sheet in a case where the surface of the base steel sheet is observed using

SEM after the removal of the plating of the plated steel sheet. The present inventors

have found that the plating adhesion of a worked portion is further improved in a case

where the number density of interface Mg2Si phases, which have an equivalent circle

diameter of 30 µm or more, (coarse interface Mg2Si phases) of the interface Mg2Si

phases is reduced.

[0015]

In addition, the present inventors have found that there is a close relationship

between the interface contact length of the interface Mg2Si phases measured in a cross

section and rinsing conditions before the plating of the base steel sheet, and between the

number density of the coarse interface Mg2Si phases measured in a plan view and

rinsing conditions before the plating of the base steel sheet. Then, the present

inventors have clarified rinsing conditions that allow the state of the interface Mg2Si

phases to be in a desirable range.

[0016]

As shown in, for example, FIG. 1, a highly corrosion-resistant hot-dip plated

steel sheet 1, which is excellent in plating adhesion, according to an aspect of the

present invention (a hot-dip plated steel sheet 1 according to the present embodiment),

obtained from the above-mentioned knowledge includes a base steel sheet 11 and a hot-

dip plating layer 12, in which the chemical composition of the hot-dip plating layer 12

7



contains Al: 4.0 to 22 mass%, Mg: 1 to 10 mass%, Si: 0.0001 to 2 mass%, and a

remainder consisting of Zn and impurities; the coating weight of the hot-dip plating

layer 12 is in a range of 40 to 600 g/m² on both surface in total; the total interface

contact length of interface Mg2Si phases 13 is 20% or less of the visual field, in which

the total value is measured in a visual field having a length of 10 mm in a vertical cross

section; and the number density of the interface Mg2Si phases 13 having an equivalent

circle diameter of 30 µm or more present at an interface between the base steel sheet 11

and the hot-dip plating layer 12 is 10 pieces/mm² or less, in which the total value is

measured in a plan view.

[0017]

The hot-dip plated steel sheet 1 according to the present embodiment includes

the base steel sheet 11. The type of the base steel sheet 11 is not particularly limited.

Various components, thicknesses, metallographic structures, mechanical properties, and

the like can be applied to the base steel sheet 11 depending on the use of the hot-dip

plated steel sheet 1.

[0018]

The hot-dip plated steel sheet 1 according to the present embodiment includes a

hot-dip plating layer 12 provided on the surface of the base steel sheet 11. The hot-dip

plating layer 12 may be provided on one surface of the base steel sheet 11 and may be

provided on both surfaces of the base steel sheet 11. First, the chemical composition

of the hot-dip plating layer 12 will be described below. Hereinafter, the unit "%" of the

content of each element means mass% unless otherwise specified.

[0019]

(Al: 4.0 to 22 mass%)

In the hot-dip plating layer 12, the Al content is set to 4.0 mass% or more and
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22 mass% or less. It is considered that an effect of improving corrosion resistance is

not sufficiently obtained in a case where the Al content is less than 4.0 mass%. It is

considered that an effect of improving corrosion resistance is saturated in a case where

the Al content is 22 mass% or more. In order to further improve corrosion resistance,

the Al content may be 5 mass% or more or 10 mass% or more. Further, in order to

lower the melting point of  a plating bath or improve plating adhesion, the Al content

may be set to 20 mass% or less or 15 mass% or less.

[0020]

(Mg: 1 to 10 mass%)

In the hot-dip plating layer 12, the Mg content is set to 1 mass% or more and

10 mass% or less. It is considered that an effect of improving corrosion resistance is

not sufficiently obtained in a case where the Mg content is less than 1 mass%. Further,

it is considered that the plating layer is embrittled and plating adhesion deteriorates in a

case where the Mg content exceeds 10 mass%. In order to further improve corrosion

resistance, the Mg content may be set to 2 mass% or more or 3 mass% or more. In

order to further improve the adhesion of the plating layer, the Mg content may be 9

mass% or less, 7 mass% or less, 5 mass% or less, 4.5 mass% or less, or 4 mass% or less.

[0021]

(Si: 0.0001 to 2 mass%)

In the hot-dip plating layer 12, the Si content is set to 0.0001 mass% or more

and 2 mass% or less. Si has an effect of improving the corrosion resistance of the hot-

dip plating layer 12, but it is considered that it is industrially difficult to control the Si

content to less than 0.0001 mass%. Further, it is considered that an effect of

improving corrosion resistance is saturated in a case where the Si content is 2 mass% or

more. The Si content may be set to 0.001 mass% or more or 0.01 mass% or more.
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 [Document Type]  CLAIMS 

 1.  A hot-dip plated steel sheet comprising: 

 a base steel sheet; and 

 a hot-dip plating layer, 

 wherein a chemical composition of the hot-dip plating layer contains Al: 4.0 to 

22 mass%, Mg: 1 to 10 mass%, Si: 0.060 to 2 mass%, and a remainder consisting of Zn 

and impurities, 

 a coating weight of the hot-dip plating layer is in a range of 40 to 600 g/m2 on 

both surface in total, 

 a total value of an interface contact length of interface Mg2Si phases present at 

an interface between the base steel sheet and the hot-dip plating layer is 20% or less of 

the visual field, in which the total value is measured in a visual field having a length of 

10 mm in a vertical cross section, and 

 a number density of the interface Mg2Si phases having an equivalent circle 

diameter of 30 μm or more present at the interface between the base steel sheet and the 

hot-dip plating layer is 10 pieces/mm2 or less, in which the number density is measured 

in a plan view. 

 2.  The hot-dip plated steel sheet according to claim 1, 

 wherein a maximum value of the interface contact length of the interface 

Mg2Si phase is 50 μm or less, in which the maximum value is measured in the visual 

field having a length of 10 mm in the vertical cross section. 

 3.  The hot-dip plated steel sheet according to claim 1 or 2, 

 wherein a ratio b/a of a length b of the interface Mg2Si phase in an interface-

horizontal direction to a length a of the interface Mg2Si phase in a plating-depth 

direction is 0.1 or more and 10 or less in the visual field having a length of 10 mm in the 
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vertical cross section. 

 4.  The hot-dip plated steel sheet according to any one of claims 1 to 3, 

 wherein the chemical composition of the hot-dip plating layer contains 0.001 to 

2 mass% of one or more selected from Fe, Sb, Pb, Sn, Ca, Co, Mn, P, B, Bi, Cr, Group 3 

elements, REM, and Hf in total, instead of part of the Zn. 

 5.  The hot-dip plated steel sheet according to any one of claims 1 to 4, 

 wherein the chemical composition of the hot-dip plating layer contains 0.001 to 

2 mass% of one or more selected from Ni, Ti, Zr, and Sr in total, instead of part of the 

Zn. 

 6.  A method of manufacturing a hot-dip plated steel sheet, the method 

comprising: 

 alkaline degreasing a base steel sheet using alkaline degreasing liquid 

containing 0.5 to 5.0 mass% of a surfactant; 

 water rinsing the base steel sheet after the alkaline degreasing; 

 annealing the base steel sheet after the water rinsing; and 

 immersing the base steel sheet in a hot-dip plating bath containing Al: 4.0 to 22 

mass%, Mg: 1 to 10 mass%, Si: 0.0001 to 2 mass%, and a remainder consisting of Zn 

and impurities after the annealing, to form a hot-dip plating layer, 

 wherein a pH of rinsing water is always set to 8.7 or more and 12 or less in the 

water rinsing, 

the hot-dip plated steel sheet comprises: 

a base steel sheet; and 

a hot-dip plating layer, 

a chemical composition of the hot-dip plating layer contains Al: 4.0 to 22 

mass%, Mg: 1 to 10 mass%, Si: 0.0001 to 2 mass%, and a remainder consisting of Zn 
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and impurities, 

a coating weight of the hot-dip plating layer is in a range of 40 to 600 g/m2 on 

both surface in total, 

a total value of an interface contact length of interface Mg2Si phases present at 

an interface between the base steel sheet and the hot-dip plating layer is 20% or less of 

the visual field, in which the total value is measured in a visual field having a length of 

10 mm in a vertical cross section, and 

a number density of the interface Mg2Si phases having an equivalent circle 

diameter of 30 μm or more present at the interface between the base steel sheet and the 

hot-dip plating layer is 10 pieces/mm2 or less, in which the number density is measured 

in a plan view. 

 7.  The method of manufacturing the hot-dip plated steel sheet according to 

claim 6, 

 wherein the hot-dip plating bath contains 0.001 to 2 mass% of one or more 

selected from Fe, Sb, Pb, Sn, Ca, Co, Mn, P, B, Bi, Cr, Group 3 elements, REM, and Hf 

in total, instead of part of the Zn. 

 8.  The method of manufacturing the hot-dip plated steel sheet according to 

claim 6 or 7, 

 wherein the hot-dip plating bath contains 0.001 to 2 mass% of one or more of 

Ni, Ti, Zr, and Sr in total, instead of part of the Zn. 

 

 


