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(57) A plated steel according to the present inven-
tion comprises: a base steel; and a plating layer formed
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Description

TECHNICAL FIELD

[0001] The present invention relates to a plated steel and a method for manufacturing the same, and more particu-
larly, to a plated steel with excellent corrosion resistance in a worked section, and a method for manufacturing the
same.

BACKGROUND ART

[0002] Existing hot-dip galvanized steel products are widely used in construction materials, home appliances, and
other applications due to their excellent sacrificial protection properties. When exposed to corrosive environments,
zinc (Zn) acts as a sacrificial anode for iron (Fe) exposed at uncoated areas, resulting in the depletion of zinc from the
plating layer. While this sacrificial anode action of zinc plays a significant role in suppressing the formation of rust on
the base steel in corrosive environments, the sacrificial anode efficiency of zinc is relatively low. To address this issue,
high-corrosion-resistant plated products have been produced in Japan and Europe by adding magnesium (Mg) to a
zinc (Zn) plating bath, which generates dense corrosion products in corrosive environments and improves sacrificial
anode efficiency, thereby achieving excellent corrosion resistance.
[0003] However, a plating process using a plating bath in which magnesium (Mg) is added to zinc (Zn) has a
problem in that, as the magnesium (Mg) content increases, Mg reacts with oxygen in the air to form oxides, which
degrades the surface quality. To address this problem, the amount of plating is controlled using an inert gas (nitrogen)
in a wiping process that controls the amount of plating. In addition, a non-oxidizing chamber is used to minimize
contact with oxygen in order to minimize oxygen concentration in the wiping process zone.
[0004] Furthermore, while an increase in magnesium (Mg) content has the advantage of improving corrosion resis-
tance, the increase in the fraction of a Mg-rich phase or a eutectic phase having a lamellar structure, which are
generated by the addition of magnesium (Mg), may act as crack initiation sites in the plating layer during working,
thereby deteriorating the corrosion resistance of the worked section. Moreover, when the plated steel is worked after
coating, cracks in the plating layer may be transferred to the coating layer on top, thereby degrading the working
quality.
[0005] The related art includes Japanese Patent Publication No. 2005‑105367.

DETAILED DESCRIPTION OF THE INVENTION

TECHNICAL PROBLEM

[0006] A technical object of the present invention is to provide a highly corrosion-resistant plated steel having crack
resistance in a worked section and excellent corrosion resistance, and a method for manufacturing the same.
[0007] However, the above-described object is merely illustrative, and the technical concept of the present invention
is not limited thereto.

TECHNICAL SOLUTION

[0008] According to an aspect of the present invention for achieving the above object, a plated steel comprises: a
base steel; and a plating layer formed on the base steel, the plating layer comprising 1 to 4 wt% of aluminum (Al), 1 to
3 wt% of magnesium (Mg), and a balance of zinc (Zn) and inevitable impurities, wherein a weight ratio of aluminum to
magnesium in the plating layer is 1.0 or more and 4.0 or less, wherein the plating layer comprises a eutectic phase
structure containing a Zn phase, and a primary Zn phase structure, and wherein an area fraction of the primary Zn
phase structure and the Zn phase within the eutectic phase structure, in which crystal grain orientations coincide with
each other, is 30% or more on a cross section and a surface of the plating layer.
[0009] In the plated steel, a thickness of the plating layer may be 5 µm or more and less than 30 µm.
[0010] In the plated steel, the eutectic phase structure containing the Zn phase may comprise a binary eutectic
phase in which a Zn phase and an MgZn2 phase form a lamellar structure, or a ternary eutectic phase in which an
MgZn2 phase containing Al and a Zn phase form a lamellar structure.
[0011] According to another aspect of the present invention for achieving the above object, a method for manufac-
turing a plated steel comprises: (a) providing a base steel; (b) passing the base steel through a plating bath containing
aluminum (Al), magnesium (Mg), and zinc (Zn) to form a plating layer on the base steel, the plating layer comprising 1
to 4 wt% of aluminum (Al), 1 to 3 wt% of magnesium (Mg), and a balance of zinc (Zn) and inevitable impurities, and
having a weight ratio of aluminum to magnesium of 1.0 or more and 4.0 or less; and (c) cooling the plating layer at a
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cooling rate of 5 to 15°C/sec, wherein the plating layer obtained after performing step (c) comprises a eutectic phase
structure containing a Zn phase, and a primary Zn phase structure, and wherein an area fraction of the primary Zn
phase structure and the Zn phase within the eutectic phase structure, in which crystal grain orientations coincide with
each other, is 30% or more on a cross section and a surface of the plating layer.
[0012] In the method for manufacturing the plated steel, the plating bath may have a temperature of 420°C to 470°C.
[0013] In the method for manufacturing the plated steel, when the plating bath has a temperature of 420°C to 470°C,
an area fraction (A) of the primary Zn phase structure and the Zn phase within the eutectic phase structure, in which
crystal grain orientations coincide with each other, on a cross section and a surface of the plating layer, may satisfy the
following Formula 1.

(wherein [Cooling Rate] is the cooling rate in cooling step (c) in units of °C/sec, [Mg] is the content of magnesium in the
plating layer in units of wt%, and [Al] is the content of aluminum in the plating layer in units of wt%)
[0014] In the method for manufacturing the plated steel, the area fraction (A, unit: %) may be 30% or more.
[0015] In the method for manufacturing the plated steel, a thickness of the plating layer may be 5 µm or more and
less than 30 µm.
[0016] In the method for manufacturing the plated steel, the eutectic phase structure containing the Zn phase may
comprise a binary eutectic phase in which a Zn phase and an MgZn2 phase form a lamellar structure, or a ternary
eutectic phase in which an MgZn2 phase containing Al and a Zn phase form a lamellar structure.

ADVANTAGEOUS EFFECTS

[0017] According to an embodiment of the present invention, a plated steel having excellent corrosion resistance in
a worked section and a method for manufacturing the same can be implemented.
[0018] However, the scope of the present invention is not limited to the above effects.

DESCRIPTION OF THE DRAWINGS

[0019]

FIG. 1 is a flowchart illustrating a method for manufacturing a plated steel according to an embodiment of the
present invention.
FIG. 2 is a view showing EBSD analysis results for a zinc (Zn) component on a cross section of a plating layer of a
plated steel according to Example 3 among the test examples of the present invention.
FIG. 3 is a view showing EBSD analysis results for a zinc (Zn) component on a surface of a plating layer of a
plated steel according to Example 3 among the test examples of the present invention.
FIG. 4 is a view showing EBSD analysis results for a zinc (Zn) component on a cross section of a plating layer of a
plated steel according to Comparative Example 6 among the test examples of the present invention.
FIG. 5 is a view showing EBSD analysis results for a zinc (Zn) component on a surface of a plating layer of a
plated steel according to Comparative Example 6 among the test examples of the present invention.

MODE OF THE INVENTION

[0020] Hereinafter, preferred embodiments of the present invention will be described in detail with reference to the
accompanying drawings. The embodiments of the present invention are provided to more fully explain the technical
concept of the present invention to those skilled in the art, and the following embodiments may be modified into
various other forms. The scope of the technical concept of the present invention is not limited to the following embodi-
ments. Rather, these embodiments are provided so that this disclosure will be thorough and complete and will fully
convey the technical concept of the present invention to those skilled in the art.
[0021] A plated steel with excellent corrosion resistance in a worked section and a method for manufacturing the
same, according to an embodiment of the present invention, will now be described in detail. The terms used herein are
appropriately selected in consideration of their functions in the present invention, and the definitions of such terms
should be made based on the content of the entire specification.
[0022] FIG. 1 is a flowchart illustrating a method for manufacturing a plated steel according to an embodiment of the
present invention.
[0023] Referring to FIG. 1, the method for manufacturing a plated steel according to an embodiment of the present
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invention comprises: (a) providing a base steel (S10); (b) passing the base steel through a plating bath containing
aluminum (Al), magnesium (Mg), and zinc (Zn) to form, on the base steel, a plating layer comprising 1 to 4 wt% of
aluminum (Al), 1 to 3 wt% of magnesium (Mg), and a balance of zinc (Zn) and inevitable impurities, and having a
weight ratio of aluminum to magnesium of 1.0 or more and 4.0 or less (S20); and (c) cooling the plating layer at a
cooling rate of 5 to 15°C/sec (S30).
[0024] The plating layer obtained after performing step (c) (S30) comprises a eutectic phase structure containing a
Zn phase, and a primary Zn phase structure, wherein an area fraction of the primary Zn phase structure and the Zn
phase within the eutectic phase structure, in which crystal grain orientations coincide with each other, is 30% or more
on a cross section and a surface of the plating layer.
[0025] A thickness of the plating layer may be 5 µm or more and less than 30 µm.
[0026] In the method for manufacturing the plated steel, when the plating bath has a temperature of 420°C to 470°C,
the area fraction (A) of the primary Zn phase structure and the Zn phase within the eutectic phase structure, in which
crystal grain orientations coincide with each other, on a cross section and a surface of the plating layer, may satisfy
Formula 1 below, and the area fraction (A, unit: %) may be 30% or more.

wherein [Cooling Rate] is the cooling rate in cooling step (c) (S30) in units of °C/sec, [Mg] is the content of magnesium
in the plating layer in units of wt%, and [Al] is the content of aluminum in the plating layer in units of wt%.
[0027] In general, in a high-corrosion-resistant plated steel, while an increase in magnesium (Mg) content has the
advantage of improving corrosion resistance, the increase in the fraction of an Mg-rich phase or a eutectic phase
having a lamellar structure, which are generated by the addition of magnesium (Mg), may act as crack initiation sites in
the plating layer during working, thereby deteriorating the corrosion resistance of the worked section. As used herein,
the eutectic phase may comprise a binary eutectic phase in which a Zn phase and an MgZn2 phase form a lamellar
structure, or a ternary eutectic phase in which an MgZn2 phase containing Al and a Zn phase form a lamellar structure.
Additionally, when working is performed after coating, cracks in the plating layer may be transferred to the coating
layer on top, thereby degrading the working quality. Furthermore, when the Mg content is high, the amount of Mg dross
adhesion increases, which may deteriorate corrosion resistance.
[0028] On the other hand, when the Mg content is reduced such that the fraction of the primary Zn phase in the
plating microstructure increases, the workability of the plating layer may be improved. However, when the Mg content
is excessively low, the primary Zn phase formed during solidification of the plating layer is produced in a relatively
coarse form, and regions where coarse primary Zn phase is formed develop into areas with poor corrosion resistance
in corrosive environments. In addition, when the Mg content decreases, the amount of eutectic phase containing Mg
decreases, making it difficult to achieve high corrosion resistance.
[0029] The fractions of the primary Zn phase and the eutectic phase can be controlled by adjusting the aluminum
(Al) and magnesium (Mg) contents, and additionally by adjusting the cooling rate during the solidification of the plating
layer after plating. However, to ensure both corrosion resistance and workability of the plating layer simultaneously, the
concentrations of aluminum (Al) and magnesium (Mg) added to the zinc plating bath must be limited. It has been
confirmed that a plated steel with excellent workability can be achieved by controlling the fraction of phases in which
the crystal grain orientation of the primary Zn phase and the crystal grain orientation of the Zn phase in the eutectic
phase (which is adjacent to the primary Zn phase) are the same.
[0030] Depending on the contents of aluminum (Al) and magnesium (Mg) added to the zinc plating solution to
improve corrosion resistance, the fractions of the microstructures formed during solidification of the plating layer differ:
a primary Zn phase, an Mg-rich phase, a binary eutectic phase in which a Zn phase and an MgZn2 phase form a
lamellar structure, and a ternary eutectic phase in which an MgZn2 phase containing Al and a Zn phase form a lamellar
structure.
[0031] The primary Zn phase has a Zn content of 90% or more by composition and has lower hardness than the
eutectic phase, thereby contributing to crack resistance of the plating layer. The eutectic phase formed in the plating
layer acts as a crack initiation site during working due to its high hardness. However, when the crystal grain orientation
of the primary Zn phase and the crystal grain orientation of the eutectic phase (more specifically, the crystal grain
orientation of the Zn phase present in the eutectic phase) are aligned, the occurrence of cracks in the eutectic phase
can be minimized.
[0032] In the technical concept of the present invention, in order to increase the probability that the crystal grain
orientations of the Zn phase in the primary Zn phase and the eutectic phase coincide, the solidification process is
critical: solidification begins from the primary Zn phase during cooling, and at the end of solidification, the eutectic
phase solidifies from the interface of the primary Zn phase. If rapid cooling is performed during the eutectic phase
solidification zone after the primary Zn phase has solidified, the eutectic phase solidification does not occur from the
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interface of the primary Zn phase. Under rapid cooling in the eutectic phase solidification zone, solidification of the
eutectic phase begins from within the liquid phase, so the probability that the crystal grain orientation of the primary Zn
phase and the crystal grain orientation of the Zn phase in the eutectic phase coincide decreases.
[0033] To implement the technical concept of the present invention, the cooling rate during the process of cooling the
plating layer after controlling the plating amount in the production process must satisfy a range of 5 to 15°C/sec. More
preferably, the cooling rate may be set at 7 to 13°C/sec.
[0034] When the fraction of the primary Zn phase structure and the Zn phase in the eutectic phase structure, in
which the crystal grain orientations coincide on the cross section and surface of the plating layer produced under these
process conditions, is 30% or more, excellent crack resistance of the plating layer is achieved.
[0035] When the cooling rate exceeds 15°C/sec, the fraction of phases in which the crystal grain orientations of the
primary Zn phase and the eutectic phase coincide is formed at less than 30%, resulting in a negligible contribution to
workability. In addition, when the cooling rate is less than 5°C/sec, the plating layer does not solidify and flows down,
causing flow marks.
[0036] To implement the technical concept of the present invention, the contents of aluminum (Al) and magnesium
(Mg) added to the zinc bath can be limited.
[0037] An appropriate range of aluminum (Al) concentration is 1 to 4 wt%, and more strictly 1 to 3.5 wt%. An
appropriate range of magnesium (Mg) concentration is 1 to 3 wt%. Furthermore, to minimize Mg oxidation, the weight
ratio of aluminum (Al) to magnesium (Mg) must be 1.0 or more and 4.0 or less.
[0038] When the aluminum (Al) concentration is less than 1 wt%, considering the Al-to-Mg addition ratio, a Mg
content of less than 1 wt% is insufficient to achieve corrosion resistance. When the aluminum (Al) concentration
exceeds 4 wt%, the amount of iron (Fe) eluted from the base steel increases, raising the likelihood of Fe dross
formation. When the weight ratio of aluminum (Al) to magnesium (Mg) exceeds 4.0, the iron (Fe) content eluted from
the base steel increases, leading to Fe dross formation and reduced surface quality. When the magnesium (Mg)
concentration exceeds 3.0 wt%, a rapid increase in the eutectic phase reduces the fraction of the primary Zn phase
to less than 30%, resulting in a sharp decrease in workability.
[0039] In the method for manufacturing the plated steel, the plating bath preferably has a temperature of 420°C to
470°C. When the plating bath temperature is less than 420°C, cooling occurs in the plated steel during the process of
controlling the plating amount, which causes supercooling down to the temperature at which the eutectic phase
solidifies, making it difficult to achieve a phase fraction of 30% or more in which the crystal grain orientations of the
primary Zn phase and the Zn phase in the eutectic phase coincide. When the plating bath temperature exceeds
470°C, an excessive temperature rise increases the amount of zinc (Zn) vaporization on the plating layer surface,
causing an increase in ash defects.
[0040] In the method for manufacturing the plated steel, when the plating bath has a temperature of 420°C to 470°C,
the area fraction (A) of the primary Zn phase structure and the Zn phase within the eutectic phase structure, in which
crystal grain orientations coincide with each other, on a cross section and a surface of the plating layer, may satisfy
Formula 1 below, and the area fraction (A, unit: %) may be 30% or more.

wherein [Cooling Rate] is the cooling rate in cooling step (c) (S30) in units of °C/sec, [Mg] is the content of magnesium
in the plating layer in units of wt%, and [Al] is the content of aluminum in the plating layer in units of wt%.
[0041] The plated steel manufactured by the above-described method comprises: a base steel; and a plating layer
formed on the base steel, the plating layer comprising 1 to 4 wt% of aluminum (Al), 1 to 3 wt% of magnesium (Mg), and
a balance of zinc (Zn) and inevitable impurities, wherein a weight ratio of aluminum to magnesium in the plating layer
is 1.0 or more and 4.0 or less, wherein the plating layer comprises a eutectic phase structure containing a Zn phase,
and a primary Zn phase structure, and wherein an area fraction of the primary Zn phase structure and the Zn phase
within the eutectic phase structure, in which crystal grain orientations coincide with each other, is 30% or more on a
cross section and a surface of the plating layer.
[0042] A thickness of the plating layer may be 5 µm or more and less than 30 µm.
[0043] Hereinafter, preferred test examples are presented to facilitate understanding of the present invention. How-
ever, the following test examples are provided only for the purpose of facilitating understanding of the present inven-
tion, and the present invention is not limited to the following test examples.

Test Examples

[0044] A base steel having a thickness of 0.7 mm is immersed in an alkaline solution at 50°C for 30 minutes, and
then washed with water to remove foreign substances and oil from the surface, thereby preparing a specimen. The
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specimen is annealed and then plated. The annealing is performed in a reducing atmosphere consisting of 5 to 20%
hydrogen and 80 to 95% nitrogen at an annealing heat treatment temperature of 700°C to 850°C.
[0045] The plating is performed by cooling the annealed specimen to the plating bath temperature, immersing the
specimen in the plating bath for 2 seconds, withdrawing the specimen, and adjusting the plating thickness to approxi-
mately 10 µm by nitrogen wiping.
[0046] The cold-rolled steel sheet constituting the base steel has a composition comprising carbon (C): 0.15 wt%,
manganese (Mn): 0.6 wt%, phosphorus (P): 0.05 wt%, sulfur (S): 0.05 wt%, and the balance of iron (Fe).
[0047] Table 1 shows the compositions and process conditions of the plated steels according to the test examples of
the present invention, and Table 2 shows the evaluation results for plating layer workability, corrosion resistance of the
worked section, and surface appearance quality of the plating layer according to the compositions and process
conditions in Table 1.

[Table 1]

Category Zn Al
(wt%)

Mg
(wt%)

Al:Mg Area
Fraction
(%)

Cooling
Rate
(°C/s)

Plating
Bath
Temp.
(°C)

Formula
Satisfied

Comparative Example 1 Bal. 0.5 0.5 1:1 51 7 450 ○

Comparative Example 2 Bal. 1 0.5 2:1 49 7 450 ○

Comparative Example 3 Bal. 1 1.8 1:1.8 39 7 450 ○

Comparative Example 4 Bal. 1.2 2 0.6:1 38 7 450 ○

Comparative Example 5 Bal. 1.2 2 0.6:1 40 4 450 ○

Comparative Example 6 Bal. 1.5 2 0.75:1 25 17 450 ×

Comparative Example 7 Bal. 2 1.5 1.3:1 24 17 450 ×

Comparative Example 8 Bal. 2 1.5 1.3:1 27 7 410 ○

Comparative Example 9 Bal. 1.5 1.5 1:1 42 3 450 ○

Comparative Example 10 Bal. 6 1.2 5:1 35 7 450 ○

Comparative Example 11 Bal. 4 4 1:1 33 7 450 ×

Comparative Example 12 Bal. 5 1 5:1 37 7 450 O

Comparative Example 13 Bal. 2 1.2 1.6:1 30 12 480 O

Example 1 Bal. 1.5 1 1.5:1 44 5 450 O

Example 2 Bal. 1.5 1.5 1:1 32 15 450 O

Example 3 Bal. 2 1 2:1 41 7 450 O

Example 4 Bal. 2 1.2 1.6:1 32 12 450 O

Example 5 Bal. 2.5 1.5 1.6:1 36 10 450 O

Example 6 Bal. 3 1.8 1.6:1 37 6 450 O

Example 7 Bal. 2.5 1.2 1.6:1 34 10 460 O

Example 8 Bal. 2.5 1.2 1.6:1 36 10 470 O

[0048] In Table 1, Zn, Al, and Mg indicate the plating bath composition (unit: wt%) in the plating process. The cooling
rate refers to the cooling rate in the cooling step (S30) shown in FIG. 1, and the plating bath temperature refers to the
plating bath temperature in the plating layer forming step (S20) shown in FIG. 1. The area fraction column refers to the
area fraction of the primary Zn phase structure and the Zn phase in the eutectic phase structure, in which the crystal
grain orientations coincide with each other, as measured on the cross section and surface of the plating layer. In the
"Formula Satisfied" column, the result is indicated as ∘ when the calculated value of: 57 - 1.30 × [Cooling Rate] - 3.47
× [Mg] - 1.40 × [Al] is 30 or more, and as × when the calculated value is less than 30. In the formula, [Cooling Rate] is
the numerical value of the cooling rate (unit: °C/s) in the cooling step (S30), [Mg] is the numerical value of the Mg
content (unit: wt%) in the plating layer, and [Al] is the numerical value of the Al content (unit: wt%) in the plating layer.
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[0049] FIG. 2 is a view showing EBSD analysis results for a Zn component on a cross section of the plating layer of
Example 3, FIG. 3 is a view showing EBSD analysis results for a Zn component on a surface of the plating layer of
Example 3, FIG. 4 is a view showing EBSD analysis results for a Zn component on a cross section of the plating layer
of Comparative Example 6, and FIG. 5 is a view showing EBSD analysis results for a Zn component on a surface of
the plating layer of Comparative Example 6. In FIGS. 2 to 5, regions labeled as "Zn PHASE" correspond to the primary
Zn phase structure, and regions labeled as "EUTECTIC PHASE" correspond to the Zn phase in the eutectic phase
structure.

[Table 2]

Category Surface
Quality
Grade

Flow Mark Fe dross
adhesion

Mg dross
adhesion

Workability Corrosion
Resistance
(Worked
Section)

Comparative Example 1 ○ Good Good Good ⊚ △

Comparative Example 2 ○ Good Good Good ⊚ △

Comparative Example 3 △ Good Good Observed ○ ○

Comparative Example 4 △ Good Good Observed ○ ○

Comparative Example 5 × Observed Good Observed ○ ○

Comparative Example 6 △ Good Good Observed △ ○

Comparative Example 7 ○ Good Good Good △ ○

Comparative Example 8 ○ Good Good Good △ ○

Comparative Example 9 △ Observed Good Good ○ ○

Comparative Example 10 △ Good Observed Good ○ ⊚

Comparative Example 11 ○ Good Good Good × ⊚

Comparative Example 12 △ Good Observed Good ○ ⊚

Comparative Example 13 ○ Good Good Poor ○ ○

Example 1 ○ Good Good Good ⊚ ○

Example 2 ○ Good Good Good ○ ○

Example 3 ○ Good Good Good ⊚ ○

Example 4 ○ Good Good Good ○ ○

Example 5 ○ Good Good Good ○ ○

Example 6 ○ Good Good Good ○ ⊚

Example 7 ○ Good Good Good ○ ○

Example 8 ○ Good Good Good ○ ○

[0050] In the workability evaluation of the plating layer in Table 2, for plated steel sheets having a plating layer
thickness of 10 µm, 3T bending was performed and observation was made at 50× magnification using an electron
microscope. The number of cracks passing through a line drawn perpendicularly to the bending direction of the worked
section was measured, and the degree of crack formation in the worked section was evaluated based on the following
criteria: ⊚ indicates no cracks observed; ○ indicates an average of fewer than 20 cracks observed; △ indicates an
average of 20 to 25 cracks observed; and × indicates an average of 26 or more cracks observed.
[0051] In the corrosion resistance evaluation of the worked section, after 3T bending, the time to red rust formation
on the worked section was evaluated by a salt spray test using a 5% NaCl solution at 35°C. ⊚ indicates a time to red
rust formation of 1200 hours or more; ○ indicates a time to red rust formation of approximately 1000 hours; △
indicates a time to red rust formation of approximately 800 hours; and × indicates a time to red rust formation of
approximately 600 hours.
[0052] In the surface appearance quality evaluation of the plating layer, ∘ indicates no flow mark, no Fe dross
adhesion, and no Mg dross adhesion observed visually; △ indicates that any one of flow mark, Fe dross adhesion, or
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Mg dross adhesion is observed visually; and × indicates that two or more of flow mark, Fe dross adhesion, or Mg
dross adhesion are observed visually.
[0053] Referring to Tables 1 and 2, Examples 1 to 8 satisfy the composition ranges of aluminum (Al): 1 to 4 wt%,
magnesium (Mg): 1 to 3 wt%, and the balance zinc (Zn), with a weight ratio of aluminum to magnesium of 1.0 or more
and 4.0 or less, and were produced by immersing a base steel in a plating bath at a temperature of 420°C to 470°C,
forming a plating layer having a thickness of 5 µm or more and less than 30 µm by nitrogen wiping, and cooling at a
cooling rate of 5 to 15°C/sec. It is confirmed that, on the cross section and surface of the resulting plating layer, the
area fraction of the primary Zn phase structure and the Zn phase within the eutectic phase structure, in which the
crystal grain orientations coincide with each other, is 30% or more (see FIGS. 2 and 3).
[0054] Furthermore, in Examples 1 to 8, when the plating bath temperature is 420°C to 470°C, the area fraction (A)
of the primary Zn phase structure and the Zn phase within the eutectic phase structure, in which the crystal grain
orientations coincide with each other, on the cross section and surface of the plating layer, satisfies Formula 1, and the
area fraction (A) is confirmed to be 30% or more.

(wherein [Cooling Rate] is the cooling rate in cooling step (c) in units of °C/sec, [Mg] is the content of magnesium in the
plating layer in units of wt%, and [Al] is the content of aluminum in the plating layer in units of wt%)
[0055] Additionally, in Examples 1 to 8, it is confirmed that no visible cracks are observed in the worked section after
3T bending, indicating excellent workability of the plating layer; the time to red rust formation evaluated by a salt spray
test using a 5% NaCl solution at 35°C on the worked section after 3T bending is 1000 hours or more, indicating
excellent corrosion resistance of the worked section; and the surface appearance quality of the plating layer is good.
[0056] In contrast, Comparative Example 1 is a plated steel in which the content of aluminum (Al) is below the range
of 1 to 4 wt% and the content of magnesium (Mg) is below the range of 1 to 3 wt%. Evaluation of the time to red rust
formation by a salt spray test using a 5% NaCl solution at 35°C on the worked section after 3T bending yielded a result
of approximately 800 hours, confirming that the corrosion resistance of the worked section is not satisfactory.
[0057] Comparative Example 2 is a plated steel in which the content of magnesium (Mg) is below the range of 1 to 3
wt%. Evaluation of the time to red rust formation on the worked section after 3T bending yielded a result of approxi-
mately 800 hours, confirming that the corrosion resistance of the worked section is not satisfactory.
[0058] Comparative Examples 3 and 4 are plated steels in which the weight ratio of aluminum to magnesium is
below the range of 1.0 or more and 4.0 or less. Mg dross adhesion occurs in both cases, confirming that the surface
appearance quality of the plating layer is not satisfactory.
[0059] Comparative Example 5 is a plated steel in which the weight ratio of aluminum to magnesium is below the
range of 1.0 or more and 4.0 or less and the cooling rate is below the range of 5 to 15°C/sec. Mg dross adhesion
occurs and flow marks are generated, confirming that the surface appearance quality of the plating layer is not
satisfactory.
[0060] Comparative Example 6 is a plated steel in which the weight ratio of aluminum to magnesium is below the
range of 1.0 or more and 4.0 or less, the cooling rate exceeds the range of 5 to 15°C/sec, and the area fraction of the
primary Zn phase structure and the Zn phase within the eutectic phase structure, in which crystal grain orientations
coincide with each other, does not satisfy and falls below the range of 30% or more (see FIGS. 4 and 5). It is confirmed
that Mg dross adhesion occurs such that the surface appearance quality is not satisfactory, and that 20 to 25 cracks on
average are observed in the worked section after 3T bending, indicating that workability is not satisfactory.
[0061] Comparative Example 7 is a plated steel in which the cooling rate exceeds the range of 5 to 15°C/sec and the
area fraction of the primary Zn phase structure and the Zn phase within the eutectic phase structure, in which crystal
grain orientations coincide with each other, does not satisfy and falls below the range of 30% or more. It is confirmed
that 20 to 25 cracks on average are observed in the worked section after 3T bending, indicating that workability is not
satisfactory.
[0062] Comparative Example 8 is a plated steel in which the plating bath temperature is below the range of 420°C to
470°C and the area fraction of the primary Zn phase structure and the Zn phase within the eutectic phase structure, in
which crystal grain orientations coincide with each other, does not satisfy and falls below the range of 30% or more. It
is confirmed that 20 to 25 cracks on average are observed in the worked section after 3T bending, indicating that
workability is not satisfactory.
[0063] Comparative Example 9 is a plated steel in which the cooling rate is below the range of 5 to 15°C/sec. Flow
marks are generated, confirming that the surface appearance quality of the plating layer is not satisfactory.
[0064] Comparative Examples 10 and 12 are plated steels in which the aluminum (Al) content and the weight ratio of
aluminum to magnesium exceed the ranges of 1 to 4 wt% and 1.0 or more and 4.0 or less, respectively. Fe dross
adhesion occurs in both cases, confirming that the surface appearance quality of the plating layer is not satisfactory.
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[0065] Comparative Example 11 is a plated steel in which the magnesium (Mg) content exceeds the range of 1 to 3
wt%. It is confirmed that 26 or more cracks on average are observed in the worked section after 3T bending, indicating
that workability is not satisfactory.
[0066] Comparative Example 13 is a plated steel in which the plating bath temperature exceeds the range of 420°C
to 470°C. Mg dross adhesion occurs, confirming that the surface appearance quality of the plating layer is not
satisfactory.
[0067] Meanwhile, referring to Comparative Examples 6, 7, and 11, although the plating bath temperature falls within
the range of 420°C to 470°C, when the calculated value of 57 - 1.30 × [Cooling Rate] - 3.47 × [Mg] - 1.40 × [Al] falls
below 30, workability is confirmed to be unsatisfactory. Conversely, referring to Comparative Example 8 or 13, it is
confirmed that even when the calculated value of 57 - 1.30 × [Cooling Rate] - 3.47 × [Mg] - 1.40 × [Al] exceeds 30, if
the plating bath temperature does not fall within the range of 420°C to 470°C, workability is not satisfactory or surface
appearance quality is not satisfactory. Here, [Cooling Rate] is the cooling rate in cooling step (c) (S30) in units of
°C/sec, [Mg] is the content of magnesium in the plating layer in units of wt%, and [Al] is the content of aluminum in the
plating layer in units of wt%.
[0068] While the present invention has been described with reference to the embodiments above, various changes
and modifications can be made by those skilled in the art within the scope of the technical concept of the present
invention. Such changes and modifications fall within the scope of the present invention. Accordingly, the scope of
rights of the present invention shall be determined by the following claims.

Claims

1. A plated steel comprising:

a base steel; and
a plating layer formed on the base steel, the plating layer comprising 1 to 4 wt% of aluminum (Al), 1 to 3 wt%
of magnesium (Mg), and a balance of zinc (Zn) and inevitable impurities,
wherein a weight ratio of aluminum to magnesium in the plating layer is 1.0 or more and 4.0 or less,
wherein the plating layer comprises a eutectic phase structure containing a Zn phase, and a primary Zn phase
structure, and
wherein an area fraction of the primary Zn phase structure and the Zn phase within the eutectic phase
structure, in which crystal grain orientations coincide with each other, is 30% or more on a cross section and
a surface of the plating layer.

2. The plated steel of claim 1, wherein a thickness of the plating layer is 5 µm or more and less than 30 µm.

3. The plated steel of claim 1, wherein the eutectic phase structure containing the Zn phase comprises a binary
eutectic phase in which a Zn phase and an MgZn2 phase form a lamellar structure, or a ternary eutectic phase in
which an MgZn2 phase containing Al and a Zn phase form a lamellar structure.

4. A method for manufacturing a plated steel, the method comprising:

(a) providing a base steel;
(b) passing the base steel through a plating bath containing aluminum (Al), magnesium (Mg), and zinc (Zn) to
form a plating layer on the base steel, the plating layer comprising 1 to 4 wt% of aluminum (Al), 1 to 3 wt% of
magnesium (Mg), and a balance of zinc (Zn) and inevitable impurities, and having a weight ratio of aluminum
to magnesium of 1.0 or more and 4.0 or less; and
(c) cooling the plating layer at a cooling rate of 5 to 15°C/sec,
wherein the plating layer obtained after performing step (c) comprises a eutectic phase structure containing a
Zn phase, and a primary Zn phase structure, and
wherein an area fraction of the primary Zn phase structure and the Zn phase within the eutectic phase
structure, in which crystal grain orientations coincide with each other, is 30% or more on a cross section and
a surface of the plating layer.

5. The method of claim 4, wherein the plating bath has a temperature of 420°C to 470°C.

6. The method of claim 5, wherein the area fraction (A) of the primary Zn phase structure and the Zn phase within the
eutectic phase structure, in which crystal grain orientations coincide with each other, on a cross section and a
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surface of the plating layer, satisfies the following Formula 1:

wherein [Cooling Rate] is the cooling rate in cooling step (c) in units of °C/sec, [Mg] is the content of magnesium in
the plating layer in units of wt%, and [Al] is the content of aluminum in the plating layer in units of wt%.

7. The method of claim 6, wherein the area fraction (A) is 30% or more.

8. The method of claim 4, wherein a thickness of the plating layer is 5 µm or more and less than 30 µm.

9. The method of claim 4, wherein the eutectic phase structure containing the Zn phase comprises a binary eutectic
phase in which a Zn phase and an MgZn2 phase form a lamellar structure, or a ternary eutectic phase in which an
MgZn2 phase containing Al and a Zn phase form a lamellar structure.
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