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Description

Technical Field

[0001] The present invention relates to a plated steel sheet having excellent corrosion resistance, workability, and
surface quality and a method for manufacturing same.

Background Art

[0002] A zinc-based plated steel sheet has a sacrificial characteristic in which, when it is exposed to a corrosive
environment, zinc having a lower oxidation-reduction potential than iron corrodes first to suppress corrosion of a steel
plate. In addition, as zinc in a plating layer is oxidized, a dense corrosion product is formed on a surface of a steel plate to
block the steel plate from an oxidation atmosphere, thereby improving corrosion resistance of the steel plate. Due to the
advantageous properties as such, the scope of application of the zinc-based plated steel sheet has been recently
expanded to steel sheets for construction materials, home appliances, and automobiles.
[0003] However, due to an increase in air pollution caused by industrial advancement, a corrosive environment
gradually deteriorates, and due to strict regulations of resource and energy conservation, there is a growing need for
development of a steel plate having better corrosion resistance than a conventional zinc-based plated steel sheet.
[0004] In order to improve theproblem, various studies for amanufacturing technologyof a zinc alloy-based plated steel
sheet, by adding elements such as aluminum (Al) and magnesium (Mg) to a zinc plating bath to improve the corrosion
resistance of a steel plate have been conducted. As a representative example, there is a Zn-Mg-Al-based zinc alloy plated
steel sheet to which Mg is further added to a Zn-Mg-Al-based composition system.
[0005] Meanwhile, a zinc-based plated steel sheet is commonly used in a processed state in many cases, and in the
case of a Zn-Mg-Al-based zinc alloy plated steel sheet, a large amount of an intermetallic compound having a high
hardness is included in theplating layer todeteriorate bendingworkability, suchas causingcracks in theplating layer at the
time of bending processing. Even after being processed, there is also a problem that zinc in amolten state during welding
by spot welding, or the like, penetrates along grain boundaries of base iron and causes a so-called liquid metal
embrittlement (LME) to cause brittle cracks.
[0006] In addition, although the zinc-based plated steel sheet after being processed is often provided outside a product,
surface quality is inferior due to surface damage, and the like, by processing, and thus, it is necessary to improve outer
sheet quality.
[0007] Therefore, a technology to meet advanced demands for excellent corrosion resistance, processability, liquid
metal embrittlement (LME) occurrence reduction, surface quality, and the like, as described above has not been
developed.
[0008] (Patent Document 1) Korean Publication No. 2013‑0133358

Summary of Invention

Technical Problem

[0009] An aspect of the present disclosure is to provide a plated steel sheet having excellent corrosion resistance,
workability, and surface quality, and at the same time, capable of reducing occurrence of liquidmetal embrittlement (LME)
and a method for manufacturing the same.
[0010] The subject of the present invention is not limited to the above. The subject of the present invention will be
understood from the overall content of the present specification, and those of ordinary skill in the art to which the present
invention pertains will have no difficulty in understanding the additional subject of the present invention.

Solution to Problem

[0011] According to anaspect of thepresent disclosure, a plated steel sheet is provided, the plated steel sheet including:

a base steel sheet;
a Zn-Mg-Al based steel sheet plating layer provided on at least one surface of the base steel sheet; and
an Fe-Al based inhibition layer provided between the base steel sheet and the Zn-Mg-Al based plating layer,
wherein the plating layer includes, by weight: 4% ormore of Mg; 2.1 times ormore of Mg content and 14.2% or less of
Al; 0.2%or less (including0%)ofSi; 0.1%or less (including0%)ofSn,withabalanceofZnandunavoidable impurities.

[0012] According to another aspect of the present disclosure, a method for manufacturing a plated steel sheet is
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provided, the method including:
[0013] an operation of dipping a base steel sheet, the base steel sheet, including by weight%: 4% or more of Mg; 2.1
times ormore of aMg content and 14.2% or less of Al; 0.2%or less (including 0%) of Si; 0.1% or less (including 0%) of Sn,
with a balance of Zn and unavoidable impurities, in a plating bath maintained at a temperature 20 to 80°C higher than a
solidification start temperature in an equilibrium phase diagram and hot-dip galvanizing the same; and
[0014] an operation of cooling the steel sheet starting from a bath surface of the plating bath to a top roll section at an
average cooling rate of 3 to 30°C/s using inert gas.
[0015] wherein the cooling operation controls a cooling rate to satisfy the following Relations 1‑1 and 1‑2,

[0016] where, inRelations1‑1and1‑2, t isa thicknessof thesteel sheet,A isanaveragecooling rate (°C/s) fromaplating
bath temperature to a solidification start temperature, B is an average cooling rate (°C/s) from the solidification start
temperature toasolidification initiation temperature ‑30°C,andC isanaveragecooling rate (°C/s) fromasolidificationstart
temperature ‑30°C to 300°C.

Advantageous Effects of Invention

[0017] As set forth above, according to an embodiment of the present disclosure, a plated steel sheet having excellent
corrosion resistance, workability and surface quality, and at the same time, capable of reducing occurrence of liquidmetal
embrittlement (LME) and a method for manufacturing the same may be provided.
[0018] Various and beneficial merits and effects of the present disclosure are not limited to the descriptions above, and
may be more easily understood in a process of describing specific exemplary embodiments in the present disclosure.

Brief description of drawings

[0019]

FIG. 1 is a500×magnifiedphotographof a cross-sectional specimen, observedbya field emission scanning electron
microscope (hereinafter, referred to as "FE-SEM"), the cross-sectional specimen beingmade in a thickness direction
for a plated steel sheet of Example 1 so that an entire plating layer and base iron are observed together.
FIG.2 isa2,000×magnifiedphotographof across-sectionof aplatedsteel sheet ina thicknessdirectionofExample4
of the present disclosure, observed by a field emission scanning electron microscope (FE-SEM).
FIG. 3 is a 1,000×magnified photograph of a surface of a plated steel sheet of Example 2 of the present disclosure,
observed by a field emission scanning electron microscope (FE-SEM).
FIG. 4 is a 1,000×magnified photograph of a cross-sectional specimen of a plated steel sheet in a thickness direction
of Example 10 of the present disclosure in which outburst occurs, observed by a field emission scanning electron
microscope (FE-SEM).
FIG. 5 is an X-ray diffraction (hereinafter, referred to as ’XRD’) graph of a plating layer of Example 16 of the present
disclosure.
FIG. 6 illustrates an Mg-Al-Zn ternary phase diagram.
FIG. 7 illustrates a 2,500×magnifiedphotograph of a cross-section of a plated steel sheet of Example 4 of the present
disclosure, observed by a field emission scanning electron microscope (FE-SEM).
FIG. 8 is a diagram schematically illustrating a method for measuring a length occupied by an outburst phase.
FIG. 9 illustrates a schematic diagramof amicrostructure that can be observed in the plated steel sheet of the present
disclosure.

Best Mode for Invention

[0020] Terms used in the present specification are for explaining specific exemplary embodiments rather than limiting
the present disclosure. In addition, a singular form used in the present specification includes a plural form also, unless the
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relevant definition has a clearly opposite meaning thereto.
[0021] The meaning of "comprising" used in the specification is to embody the configuration and is not to exclude the
presence or addition of other configurations.
[0022] Unless otherwise defined, all terms including technical terms and scientific terms used in the present specifica-
tion have the same meaning as would be commonly understood by a person with ordinary skill in the art to which the
presentdisclosurepertains.Pre-defined termsare interpretedasbeingconsistentwith the relevant technical literatureand
the disclosure herein.
[0023] Hereinafter, the plated steel sheet according to an aspect of the present disclosure will be described in detail. A
content of each element in the present disclosure is by wt%, unless otherwise particularly defined.
[0024] In a conventional Zn-Mg-Al-based zinc alloy plated steel sheet-related technology, Mg was added to improve
corrosion resistance. However, when Mg is added excessively, occurrence of floating dross in a plating bath increases,
and the dross should be removed often. Therefore, an upper limit of an Mg addition amount was limited to 3%.
[0025] In addition thereto, as described above, it was not possible to provide a plated steel sheet capable of reducing
occurrenceof liquidmetal embrittlement (LME)whilehavingexcellent corrosion resistance,workabilityandsurfacequality
at the same time, in the prior art.
[0026] Accordingly, as a result of studying examples to solve theabove-describedproblems, the present inventors have
invented a plated steel sheet that can further improve corrosion resistance, workability, and surface quality, compared to
the prior art, and at the same time, reduce liquid metal embrittlement, and amethod for manufacturing the same, thereby
resulting in completion of the present disclosure. Hereinafter, the configuration of the present disclosure will be described
in detail.
[0027] According to an aspect of the present disclosure, a plated steel sheet includes a base steel sheet; a Zn-Mg-Al-
based plating layer provided on at least one surface of the base steel sheet; and a Fe-Al-based inhibition layer provided
between the base steel sheet and the Zn-Mg-Al-based plating layer.
[0028] In the present disclosure, the type of base steel sheetmay not be particularly limited. For example, the base steel
sheet may be a Fe-based base steel sheet used as the base steel sheet of a usual zinc-based plated steel sheet, that is, a
hot-rolled steel sheet or a cold‑ rolled steel sheet, but is not limited thereto. Otherwise, the base steel sheet may be, for
example, a carbon steel, an ultra-low carbon steel, or a high manganese steel, used as, for example, materials for
construction, home appliances, and automobiles.
[0029] However, as a non-limiting example, the base steel sheetmayhavea composition including, byweight: 0.17%or
less (0 exclusive) of C, 1.5%or less (0 exclusive) of Si, 0.01 to 2.7%ofMn, 0.07%or less (0 exclusive) of P, 0.015%or less
(0 exclusive) of S, 0.5%or less (0 exclusive) of Al, 0.06%or less (0 exclusive) of Nb, 1.1%or less (0 inclusive) of Cr, 0.06%
or less (0 exclusive) of Ti, and 0.03% or less (0 exclusive) of B, with a balance of Fe and other unavoidable impurities.
[0030] According to an aspect of the present disclosure, a Zn-Mg-Al-based plating layer formed of a Zn-Mg-Al-based
alloymay be provided on at least one surface of the base steel sheet. The plating layermay be formed on only one surface
of the base steel sheet ormay be formed on both surfaces of the base steel sheet. Here, the Zn-Mg-Al-based plating layer
refers to a plating layer including Mg and Al and 50% or more of Zn.
[0031] In addition, according to an aspect of the present disclosure, a Fe-Al-based inhibition layer may be provided
between thebasesteel sheet and theZn-Mg-Al-basedplating layer. TheFe-Al-based inhibition layer is a layer includingan
intermetallic compound of Fe and Al, and the intermetallic compound may include FeAl, FeAl3, Fe2Al5, and the like.
Besides, some components, for example, 40% or less of components derived from the plating layer, such as Zn and Mg,
may be further included. The inhibition layer is a layer formed by alloying of Fe diffused from the base steel sheet at the
beginningof platingandplatingbath components. The inhibition layer serves to improve closeadhesionbetween thebase
steel sheet and the plating layer, and also to block Fe diffusion from the base steel sheet to the plating layer.
[0032] According to an aspect of the present disclosure, the plating layer may include, by weight: 4% ormore of Mg; 2.1
times ormore and 14.2%or less of aMg content; 0.2%or less (including 0%) of Si; 0.1%or less (including 0%) of Sn; and a
balance of Zn and unavoidable impurities. Hereinafter, each component will be described in detail.

Mg: 4% or more

[0033] Mg is an element serving to improve corrosion resistance of a plated steel plate, and in the present disclosure, a
content of Mg in the plating layer is controlled to be 4% or more, for securing a desired level of excellent corrosion
resistance, and more preferably, the content of Mg may be controlled to be 4.1% or more. Meanwhile, since the effect is
improved as Mg is added from a viewpoint of securing corrosion resistance, an upper limit of the Mg content may not be
particularly limited. However, as an example, whenMg is excessively added, drossmay occur, so theMg content may be
controlled to 6.7% or less, more preferably 6.5% or less.
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Al: 2.1 times or more of Mg content and 14.2% or less

[0034] In general,whenMg is addedat 1%ormore, aneffect of improvingcorrosion resistance isexhibited, butwhenMg
is added at 2% or more, a plating bath floating dross occurrence by oxidation of Mg in the plating bath increases, so that
there is a problem in that the dross is often removed. Due to the problem, in the conventional technology, in Zn-Mg-Al-
based zinc alloy plating, Mg was added at 1.0% or more to secure corrosion resistance, while the upper limit of the Mg
content was set to 3.0% and commercialized.
[0035] However, as described above, in order to further improve corrosion resistance, it is necessary to increase theMg
content to 4% or more. However, when Mg is included in the plating layer at 4% or more, there is a problem in that dross
occurs by oxidation of Mg in the plating bath. In order to suppress dross occurrence as such, it is necessary to include 2.1
timesormoreof aMgcontent in the plating layer as theAl content. In order to further improve theabove-describedeffect of
dross inhibition, a lower limit of theAl content in the plating layermay be preferably 8.7%,more preferably 8.8%.However,
whenAl is excessively added for dross inhibition, amelting point of the plating bath is raised and an operating temperature
is accordingly too high, thereby causing a problem by high temperature operation, such as erosion of a plating bath
structureanddeformationof a steel plate.Besides,whenanAl content in theplatingbath is toohigh,Al reactswithFe in the
base iron and does not contribute to the formation of a Fe-Al inhibition layer, and rapidly increase a reaction contributing to
the formationof anoutburst phase, therebyexcessively forminganoutburst phase ina lumpshape todeteriorate corrosion
resistance. Therefore, an upper limit of the Al content in the plating layer may be controlled to preferably 14.2%, more
preferably 14%, and most preferably 13.8%.
[0036] In addition, according to an aspect of the present disclosure, the Al and Mg contents may be determined to be
positioned in the vicinity of a two processes line of MgZn2 and Al, in an Mg-Al-Zn ternary phase diagram. Here, being
determined to be positioned in the two processes line includes not only the case of being determined to be positioned
precisely in the two processes line, but also the case of being determined to be positioned within Mg =±0.5 wt% and Al =
±1 wt%, based on the two processes line, slightly out of the two processes line.
[0037] FIG. 6 illustrates a Mg-Al-Zn ternary phase diagram when the X-axis is an Al content and the Y-axis is a Mg
content. In FIG. 6, A represents the conditions corresponding to an example of the present disclosure, and as shown in
FIG. 5, theAl andMg contentsmay be determined to be positioned in the vicinity of the two processes line ofMgZn2 andAl
in the Mg-Al-Zn ternary phase diagram.

Si: 0.2% or less (including 0%)

[0038] Regarding a galvanized steel sheet, Si may be usually added to prevent alloying. However, when Si is
excessively added, Si reacts with Mg in the plating bath to form Mg2Si. Since Mg2Si formed in this manner has a brittle
structure, it may act as a factor that deteriorates workability during processing such as bending processing. Therefore, in
thepresent disclosure, in order tosecureprocessability, aSi contentmaybecontrolled to0.2%or less, preferably0.02%or
less, more preferably 0.01% or less, and most preferably 0.009% or less. Alternatively, since it is preferable that Mg2Si is
not formed, Si may be 0%.

Sn: 0.1% or less(including 0%)

[0039] Sn may be added to improve the corrosion resistance of the plating layer. However, in the present disclosure,
when Sn is excessively added to the Zn-Mg-Al-based plating bath, a melting point is lowered and a solidification
completion point of the plating layer is lowered by 10 °C or more, and the lowering of the solidification point may cause
surface defects due to non-uniform solidification. In addition, during spot welding, it is easy to cause liquid metal
embrittlement (LME) cracks generated by penetration of themolten plating layer into an interface of base iron. In addition,
Sn reacts with Mg in the plating bath to form an Mg2Sn intermetallic compound, which is relatively light and has a high
melting point of 770°C, compared to other phases in the plating layer. Therefore, when theMg2Sn intermetallic compound
is generated, it floats to a surface of the plating bath and is difficult to be re-dissolved, and when the Mg2Sn intermetallic
compound remainingon the surfaceof the plating bath is adsorbed to the surfaceof the plating layer during hot-dip plating,
it may cause surface defects.
[0040] Therefore, in thepresentdisclosure,aSncontent in theplating layerneeds tobecontrolled to0.1%or less.On the
other hand, in order to express the desired effect, the Sn content may be more preferably 0.09% or less, and most
preferably 0.05% or less.

Balance of Zn and other unavoidable impurities

[0041] A balance other than the composition of the plating layer described above may be Zn and other unavoidable
impurities. The unavoidable impurities may include any impurities as long as they may be incorporated unintentionally in

5

EP 4 818 361 A1

5

10

15

20

25

30

35

40

45

50

55



the manufacturing process of a common hot-dip galvanized steel sheet, and a person skilled in the art may easily
understand the meaning.
[0042] According to anaspect of thepresent disclosure, althoughnot particularly limited, theplating layermayoptionally
further satisfy a configuration described later.

Fe: 1% or less

[0043] According toanaspect of thepresent disclosure, anFecomponent included inabasesteel sheetmaybediffused
during theplatingprocessand included in theplating layer, andalthoughnotparticularly limited,anFecontent in theplating
layer may be 1% or less (including 0%). Meanwhile, more preferably, an upper limit of the Fe content in the plating layer
may be 0.3%, and a lower limit of the Fe content in the plating layer may be 0%.
[0044] Meanwhile,whenFe in thebasesteel sheet isdiffused to theplating layer, it is alloyedorproducesan intermetallic
compound, thereby forming an outburst phase so that the inhibition layer is discontinuously formed. However, since the
outburst phase is a factor which reduces corrosion resistance, it is preferred in the present disclosure that the
inhibitionlayer is continuously formed, based on a cut surface of the plated steel sheet (in a direction, perpendicular to
a rollingdirectionof thesteel sheet). That is, the inhibition layerbeingcontinuously formedmeans that theoutburst phase is
not formed.
[0045] However, a certain amount of Femaybediffused from thebase steel sheet to theplating layer to formanoutburst
phase, which is an alloy phase between the base steel sheet and the plating layer.
[0046] Therefore, though the outburst phase is formed in the present disclosure, in terms of securing corrosion
resistance, when an interface line of the base steel sheet is spaced 5 µm apart toward the surface of the plating layer,
in the cut surface in the thickness direction of the steel sheet, it is necessary for a length occupied by the outburst phase
intersecting the spaced line to be 10% or less, , more preferably be controlled to be 5% or less, and most preferably be
controlled to be 0%, to the length of the spaced line. Since a lower limit of a ratio of the length occupied by the outburst
phase intersecting the spaced line includes 0%, it is not particularly limited thereto. Here, a line drawn along the interface
formedby the layer in contactwith the base steel sheet is referred to as an interface line. The interface line of the base steel
sheet may be more preferably controlled to 5% or less, and most preferably be 0%.
[0047] Amethod ofmeasuring the length occupied by the outburst phase is schematically shown in FIG. 8. As shown in
FIG. 8, L1 represents a length of the spaced line, and L2 represents a length occupied by the outburst phase intersecting
the spaced line.
[0048] Therefore, the measurement method of FIG. 8 described above may be applied as it is to measure the length
occupied by the outburst phase, with FIG. 4 which is a 1000× magnified photograph of a cross-section specimen in the
thicknessdirectionof theplatedsteel sheetofExample10describedbelowof thepresent disclosure, takenbyFE-SEM,as
an example.
[0049] Asa result, it is preferred in the present disclosure that the inhibition layer is continuously formed, and even in the
case in which the inhibition layer is discontinuously formed, it is preferred that the inhibition layer is formed so that it
occupies 90%ormoreof the total interface length of the base steel sheet and the inhibition layer. For example, an interface
length and a length ratio therefrom may be measured at a magnification of the scanning electron microscope of 1,000
times, and include the case of being observed in at least one of three random points measured.
[0050] According to an aspect of the present disclosure, the content of Fe in the outburst phase is 10 to 45% by weight,
the alloy phase of the outburst phase includes at least one of Fe2Al5, FeAl, and Fe-Zn-based phases, and Zn may be
included at 20% by weight or more.
[0051] According toanaspectof thepresent disclosure, the inhibition layermayhavea thicknessof0.02µmormoreand
2.5µmor less. The inhibition layer serves to prevent alloying to secure corrosion resistance, but since it is brittle, it has an
adverse effect on workability, and thus, the thickness may be controlled to 2.5 µm or less. However, in order to act as the
inhibition layer, it is preferred that the thickness is controlled to 0.02 µm or more. In terms of further improving the above-
described effect, preferably, an upper limit of the thickness of the inhibition layermay be 1.8µm (more preferably 0.9µm).
In addition, a lower limit of the thickness of the inhibition layer may be 0.05 µm. Here, the thickness of the inhibition layer
may refer to a minimum thickness in a direction perpendicular to the interface of the base steel sheet.
[0052] According to an aspect of the present disclosure, as the case of discontinuously forming the inhibition layer, the
inhibition layer and the outburst phase may coexist in the interface of the base steel sheet. That is, the outburst phase
includes a region intersecting the linemoving 5µm in parallel from the interface, as described above, andmay be to a part
where the region is in contact with the interface of the base steel sheet. However, the alloy layer including the Fe-Al-based
intermetallic compound other than the outburst phase is regarded as being an inhibition layer.
[0053] Meanwhile, according to an aspect of the present disclosure, based on the cut surface of the plated steel sheet,
thenumberofMg2Si phaseshavingamajor axis of 500nmormore in contactwith the interfacebetween the inhibition layer
and the plating layer may be 10 or less (including 0%) per 100 µm of the interface length. In this case, a cross-sectional
hardness of the plating layermay be 200 to 450Hv. Here,Mg2Si in contact with the interface between the plating layer and
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the inhibition layer includes both Mg2Si passing through the interface or in contact with the interface. In addition, the
interface length represents a lengthmeasured along the interface between theplating layer and the inhibition layer. Stress
is concentratedat the interfacebetween the inhibition layer and theplating layer, andwhena largenumber ofMg2Si,which
is abrittlemetallic compound, is formedat the interface, it serves asa starting point for crackoccurrenceduringbending. In
particular, since the Zn-Mg-Al-based plating layer according to an aspect of the present disclosure has a high hardness of
200 to 450Hv and is brittle, the presence of theMg2Si phasemay further deteriorateworkability. In terms of preventing the
above-described factors of deterioration inworkability and further improvingworkability, the number (Na) ofMg2Si phases
havingamajor axis of 500nmormore in contactwith the interfacebetween the inhibition layer and theplating layer per 100
µm of the interface length may be 4 or less. More preferably, the number thereof may be 2 or less.
[0054] Therefore, in the present disclosure, while the hardness of the plating layer is controlled to be high in a range of
200 to 450 Hv by controlling the content of Mg to be high, the number of Mg2Si phases having a major axis of 500 nm or
more in contactwith the interface between the inhibition layer and the plating layer is controlled to be 10 or less per 100µm
of interface length, so that it is possible to provide a plated steel sheet having excellent workability as well as improving
corrosion resistance. For example, the interface length and the number of Mg2Si phases may be measured using a
scanning electronmicroscope at amagnification of 1000, and a plurality of photographsmay be repeatedly taken until the
interface length of 100 µm is observed.
[0055] In addition, according to an aspect of the present disclosure, in order to secure corrosion resistance, the sum of
areasof anAl singlephase included inaMgZn2phasemayexist in anarea ratioof 0.5 to10%toa total cross-sectional area
of the plating layer,more preferably it may exist in an area ratio of 0.5 to 5%. The ratio of theAl single phase included in the
MgZn2phase to the total cross-sectional areaof the plating layer satisfies theabove-mentioned range, so that theAl single
phase included in the MgZn2 phase may play a role in maintaining a skeleton, thereby securing excellent corrosion
resistance and at the same time, excellent sacrificial corrosion resistance.
[0056] Here, the Al single phase included in the MgZn2 phase means not only an Al single phase completely included
inside the MgZn2 phase, but also a phase including a portion of the Al single phase in the MgZn2 phase.
[0057] Specifically, two points of contact where a boundary line of an Al phase (or other phases surrounding the Al
phase) and a boundary line of an MgZn2 phase meet are connected in a straight line, thereby calculating the region
occupied by the Al single phase inside the MgZn2 phase.
[0058] That is, theMgZn2 and theAl single phasemaybedistinguished froma2,500×magnifiedphotographof a cross-
section of the plated steel sheet, as shown in FIG. 7, observed by a field emission scanning electron microscope (FE-
SEM). Here, a region of① shows that only MgZn2 is present, a region of② shows that the Al single phase is included in
MgZn2, a region of③ shows that a portion of the Al single phase is included inside theMgZn2 phase and the other portion
protrudesout of theMgZn2phase, anda regionof④showsacase inwhichAl is included in theMgZn2phase, andaportion
of the Al single phase is included inside the MgZn2 phase and the other portion the Al single phase protrudes out of the
MgZn2 phase.
[0059] Alternatively, these experimental results may be utilized by component mapping so that Mg and Al component
distributionsmay be viewed using EPMA (Electron ProbeMicro Analyzer), which is generally known in the art. Thereby, a
total fraction of theMgZn2 phase in theplating structuremaybeobtained, and a fraction of onlyAl belonging to the inside of
MgZn2 or extending over MgZn2 may be separately obtained.
[0060] That is, according toanaspectof thepresentdisclosure, theAl singlephasemaybeentirelyorpartiallypositioned
inside the MgZn2 phase.
[0061] In addition, according to an aspect of the present disclosure, a ratio of diffraction intensity I(200)/I(111), which is a
ratio ofX-raydiffraction (XRD) intensity I(200)of plane (200) of theAl single phase200anda ratio ofX-raydiffraction (XRD)
intensity I(111)of plane (111) of theAl single phasemay be 0.8 or less (0 exclusive),more preferably 0.79 or less, andmost
preferably0.7or less. In this case,a ratioof integrated intensityof the (200)plane to integrated intensityof the (111)planeof
Al wasmeasured. By satisfying this, corrosion resistancemay be exhibited by controlling the ratio of the Al single phase in
the MgZn2 phase. According to the present disclosure, a certain amount of Al should be included in the MgZn2 phase in
order toexhibit corrosion resistance, and this structure characteristicmaybeconfirmedbyanorientation ratioofAl crystals
when measured by XRD. For XRD measurement, the X-ray diffraction pattern may be confirmed by measuring the
intensity ratio of each orientation of Al within a range of 34 to 46° (2 theta) using the Cu-Kα source.
[0062] According to an aspect of the present disclosure, the Al single phase included inside the MgZn2 phase may
correspond to one of the following cases, which is schematically shown in FIG. 9:
[0063] - anAl singlephase included insideaMgZn2phase,andcompletely includedby theMgZn2phase [Microstructure
1 in FIG. 9],
[0064] - anAl single phase, a portion of theAl single phase being included inside theMgZn2 phase, and theother portion
of the Al single phase protruding out of the MgZn2 phase [Microstructure 2 in FIG. 9],
[0065] - an Al single phase, in which a mixed phase ofAl and Zn is completely included inside the MgZn2 phase, and
completely included in the mixed phase of Al and Zn [Microstructure 3 in FIG. 9]
[0066] - an Al single phase completely included in themixed phase of Al andZn, wherein a portion of theAl single phase
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is included inside the MgZn2 phase and the other portion of the Al single phase protrudes out of the MgZn2 phase
[Microstructure 4 in FIG. 9],
[0067] - an Al single phase partially included in themixed phase of Al and Zn, wherein a portion of the Al single phase is
included inside the MgZn2 phase and the other portion of the Al single phase protrudes out of the MgZn2 phase, and
completely included inside a MgZn2 region [Microstructure 5 in FIG. 9], and
[0068] - an Al single phase, partially included in themixed phase of Al and Zn, wherein a portion of the Al single phase is
included inside the MgZn2 phase and the other portion of the Al single phase protrudes out of the MgZn2 phase, and a
portion of the Al single phase is included inside the MgZn2 region and the other of the Al single phase protrudes out of the
MgZn2 region [Microstructure 6 in FIG. 9].
[0069] Meanwhile, the Al single phase in the present disclosure means a single phase mainly composed of Al, and Zn
andother componentsmaybedissolvedand included in thephase.According toanaspect of thepresent disclosure, theAl
single phase may include, by weight, 40 to 70% of Al, with a balance of Zn and unavoidable impurities.
[0070] According to an aspect of the present disclosure, a ratio of the Al single phase in the plating layer to the entire
cross-section of the plating layermay be 1 to 15%by area fraction.When the ratio of theAl single phase is 1%ormore, the
plating layer may contribute to a role as a physical protective barrier by Al functioning to retain a skeleton. On the other
hand,when the ratioof theAl singlephase is15%or less, it is possible topreventdeteriorationof stabilitydue tocorrosionof
Al. In termsof improvement of the above-describedeffect, preferably, a lower limit of the ratio of theAl single phasemaybe
1.7%. Alternatively, in terms of improvement of the above-described effect, an upper limit of the ratio of theAl single phase
may be 11% (more preferably 9.8%).
[0071] In addition, according to an embodiment of the present disclosure, the Al-Znmixed phase included in theMgZn2
phase may be present in an amount of 10% or less to the total cross-sectional area of the plating layer.
[0072] According to According to an aspect of the present disclosure, an arithmetic average surface roughness (Ra) of
the plating layer may be 0.5 to 3.0µm,more preferably, Ramay be 0.6 to 3.0µm.When the surface roughness Ra is less
than 0.5 µm, a surface frictional force is reduced and plate materials slip when the plate materials are stacked on top of
each other, which may interfere with work. In addition, when rust preventive oil is applied to a surface of the steel sheet, a
characteristic of the rust preventive oil remaining on the surface thereofmay be deteriorated. On the other hand, when the
surface roughness Ra exceeds 3.0 µm, cracks may occur in the plating layer due to excessive pressure in the process of
forming the surface roughness to exceed 3.0 µm by physical pressure.
[0073] According to an aspect of the present disclosure, a ten-point average surface roughness Rz of the plating layer
maybe1 to20µm,morepreferably5 to18µm.WhenRz is less than1µmorexceeds20µm,Rzmaybeobserved tobe too
bright or dark in terms of metallic luster, representing an aesthetic effect of the surface of the steel sheet. Therefore, it is
appropriate to be managed in a range of 1 to 20 µm as an appropriate range. The above-described roughness was
measured according to KS B 0161, and a cutoff value was based on 2.5 µm when measuring the roughness.
[0074] According to an aspect of the present disclosure, a cross-sectional hardness of the plating layer may be 200 to
450Hv. The hardness of the plating layer is related to the type and size of a crystal phase constituting the plating layer, and
when the cross-sectional hardness is less than 200 Hv, the resistance of the plating layer to external frictional force is
weakened. As a result, when there is surface friction from the outside, a friction coefficient may increase, resulting in poor
workability and also deformation. However, if the hardness of the plating layer exceeds 450 Hv, it may be excessively
brittle, so that there may be a side effect of cracks occurring in the plating layer during processing.
[0075] According to an aspect of the present disclosure, the plating layer may have a thickness of 5 to 100 µm, more
preferably 5 to 90 µm.When the thickness of the plating layer is less than 5 µm, the plating layer may locally become too
thin due to errors due to variations in the thickness of the plating layer, and thus corrosion resistancemay be deteriorated.
When the thickness of the plating layer exceeds 100µm, cooling of the hot-dip plating layer may be delayed, for example,
solidification defects such as flow patternsmay occur on the surface of the plating layer, and productivity of the steel sheet
may decrease in order to solidify the plating layer.
[0076] Additionally, althoughnot particularly limited, according toanaspect of thepresent disclosure, in theplating layer,
LDH may be formed on the surface of the plating layer before Simoncolite and Hydrozincsite under an atmospheric
environment and a chloride environment (e.g., ISO14993 test standard). That is, rapid nucleationcrystallization of LDH
(Layered Double Hydroxide; (Zn,Mg)6Al2(OH)16(CO3)·4H2O), which is a dense initial corrosion product, is formed on the
surface of the plating layer when maintained under a corrosive environment (or under an atmospheric environment for a
long time) may be performed. Thereafter, over time, it is uniformly distributed over the surface to shield a corrosion active
region, and it is possible to induce uniform formation of secondarily formed Simonkolleite; Zn5(OH)8Cl2 andHydrozincite;
(Zn5(OH)6(CO3)2.
[0077] According toanaspect of thepresent disclosure, aLDHcorrosionproduct, formed inasurface layer portionof the
plating layer may be formed within 6 hours under an atmospheric environment and within 5 minutes under an ISO14993
chloride environment.
[0078] Next, a method for manufacturing a plated steel sheet according to another aspect of the present disclosure will
be described in detail. However, this does not mean that the plated steel sheet of the present disclosure should be
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necessarily manufactured by the following manufacturing method.
[0079] According to an aspect of the present disclosure, an operation of preparing a base steel sheet may be further
included, and the typeof thebase steel sheet is not particularly limited. Thebase steel sheetmaybeaFe-basedbase steel
sheet, usedas thebase steel sheet of a usual hot-dip galvanized steel sheet, that is, a hot-rolled steel sheet or a cold-rolled
steel sheet, but the present disclosure is not limited thereto. In addition, the base steel sheet may be, for example, carbon
steel, ultra-low carbon steel, or high manganese steel used as a material for construction, home appliances, and
automobiles, but the present disclosure is not limited thereto.
[0080] According to an aspect of the present disclosure, an operation of dipping a base steel sheet including, byweight:
4%ormore ofMg; 2.1 times ormore of aMg content and 14.2%or less of Al; 0.2%or less (including 0%) of Si; 0.1%or less
(including0%)ofSn,withabalanceof Znandunavoidable impurities, in aplatingbath andhot-dip galvanizing the same. In
order to manufacture a plating bath having a composition described above, a composite ingot containing predetermined
Zn, Al, andMg or a Zn-Mg and Zn-Al ingot containing individual componentsmay be used.Meanwhile, the components of
the plating bathmay be as described for the components of the plating layer described above except for the content of Fe
introduced from the base steel sheet.
[0081] In order to supplement the plating bath consumed by hot-dip plating, the ingot is additionally dissolved and
supplied. In this case, amethod of directly dipping the ingot and dissolving the same in the plating bathmaybe selected, or
a method of dissolving the ingot in a separate pot and then supplanting the molten metal in the plating bath may be
selected.
[0082] In addition, according to anaspect of the present disclosure, a temperature of theplating bathmaybemaintained
at a temperatureof20 to80°Chigher thanasolidificationstart temperature (Ts) inanequilibriumphasediagram,and in this
case, althoughnot particularly limited, the solidification start temperature (Ts) in the equilibriumphasediagrammaybe in a
range of 390 to 460 °C (more preferably 390 to 452 °C). Alternatively, the temperature of the plating bath may be
maintained in a range of 440 to 520°C (more preferably, 450 to 500°C).
[0083] As the temperature of the plating bath increases, it is possible to secure fluidity in the plating bath and form a
uniform composition, and to reduce a floating dross occurrence amount.When the temperature of the plating bath is lower
than 20°C (or lower than 440°C), compared to the solidification start temperature in the equilibrium phase diagram, the
dissolution of the ingot is very slow and the viscosity of the plating bath is high, so that it may be difficult to secure excellent
surface quality of the plating layer. On the other hand, when the temperature of the plating bath is higher than 80°C (or
higher than 520°C), compared to the solidification start temperature in the equilibrium phase diagram, ashy defects by Zn
evaporationmay be caused on the plating surface, and diffusion of Femay be excessively progressed to excessively form
anoutburst phase. Inaddition, diffusionof Femaybeexcessively progressed toexcessively formanoutburst phasedue to
the too high plating bath temperature. Accordingly, a length occupied by the outburst phase intersecting the above-
described spaced line may exceed 10% of the length of the spaced line, which may cause a decrease in corrosion
resistance.
[0084] According to an aspect of the present disclosure, a bathing time after dipping the base steel sheet in the plating
bath may be in a range of 1 to 10 seconds.
[0085] In addition, according to an aspect of the present disclosure, an operation of cooling the steel sheet from a bath
surface of the plating bath to a top roll section at an average cooling rate of 3 to 30°C/s using inert gas may be included.
Here, when the cooling rate from the bath surface of the plating bath to the top roll section is less than 3°C/s, a MgZn2
structure is developed too coarsely to bend the surface of the plating layer severely. In addition, a binary process structure
anda ternaryprocessstructureare formedcoarsely, respectively, so that itmaybeunfavorable tosecureuniformcorrosion
resistance andworkability. On the other hand, when the cooling rate from the bath surface of the plating bath to the top roll
section exceeds 30°C/s, a liquid phase is started to solidify into a solid phase during amelting plating process and rapidly
solidified ina temperaturesection inwhich the liquidphase isall changed intoasolid phase, and thus, thesizeof theMgZn2
structure is formed toosmall, resulting in locally non-uniformcorrosion resistance. Inaddition, due to lackofuniformgrowth
of the Fe-Zn-Al phase, workability may be deteriorated, with a focus on the interface of the plating layer and the base steel
sheet, andanamount of nitrogenused is increased for anexcessive cooling rate to increasemanufacturing costs. In terms
of further improving the above-mentioned effect, the average cooling rate may be more preferably 3 to 27 °C/s.
[0086] According to an aspect of the present disclosure, the inert gasmay include one or more of N2, Ar, and He, and in
terms of reducing manufacturing costs, it is preferred to use N2 or N2+Ar.
[0087] In addition, according to an aspect of the present disclosure, in the cooling operation, the cooling rate may be
controlled to satisfy the following relations 1‑1 and 1‑2.
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[0088] where, in the relations 1‑1 and 1‑2, t is a thickness of the steel sheet, A is an average cooling rate (°C/s) from a
plating bath temperature to a solidification start temperature, B is anaverage cooling rate (°C/s) from the solidification start
temperature to the solidification start temperature‑30°C, andC is anaveragecooling rate (°C/s) from the solidification start
temperature ‑30°C to 300°C. In this case, according to an aspect of the present disclosure, A is not particularly limited, but
may be in a range of 4 to 40 °C/s.
[0089] As a casewhere relations 1‑1 and 1‑2 are not satisfied, when an initial cooling rate is too fast, the size of aMgZn2
phase is formed too small, so that a formcontaining anAl single phase inside theMgZn2 phasemaynot be formed, and the
Al single phase inside the MgZn2 phase may not be controlled within an appropriate range. Meanwhile, when the initial
cooling rate is tooslow, sinceanAl component contributes to formationof aZn-Almixedphase, theAl singlephasemaynot
be formed, and it may be difficult to control a range of the Al single phase in the plating layer to an appropriate range.
[0090] Meanwhile, in order to reduce surface defects of the plating layer, it is important to secure uniformity of a
solidification structure of the plating layer. As such, in order to secure the uniformity, solidification nuclei should be
generated uniformly in an initial stage of solidification, and it is important to control amelting temperature and cooling rate
for each plating component. In addition, by controlling the cooling rate in this manner, it is possible to suppress the
formation of Mg2Si phase, or the like, which is disadvantageous in workability, at the interface between the inhibition layer
and the plating layer.
[0091] To this end, in the present disclosure, as described above, in the cooling operation, a cooling rate in each section
is controlled to satisfy the relations 1‑1 and 1‑2 by setting a 3-step cooling section, so that the solidification nuclei in the
initial stage of solidification may be uniformly formed so that surface defects in a final product may be reduced.
[0092] In particular, as the steel sheet begins to be withdrawn from the plating bath, a starting point of solidification is
determined in the initial cooling section. In this case, when the starting point of solidification is determined too slowly
because the cooling rate does not satisfy the above-described relations, a structure is locally formed coarsely so that non-
uniform solidificationmay beperformed. Therefore, it is preferred to control the cooling rate to satisfy the above-described
relations in order to secure uniformdistribution of solidification nuclei in the cooling step and reduce structural differences,
and thereby, a plated steel sheet having excellent surface quality may be obtained.
[0093] Meanwhile, although not particularly limited, according to an aspect of the present disclosure, after completing
hot-dip plating by dipping the base steel sheet in a plating bath, an air knife treatment may be performed to satisfy the
following Relation 2.

[Relation 2] 0.1 ≤ (AK interval × Thickness of steel sheet)/AK Pressure ≤ 25

[0094] where, in the relation 2, the AK interval represents an interval(mm) between knives, the thickness of the steel
sheet represents a thickness (mm) after being treated with an air knife, and the AK pressure represents air knife pressure
(kPa) of a nozzle.
[0095] Although not particularly limited, according to an aspect of the present disclosure, the interval of air knife may be
in a rangeof 5 to 150mm. Inaddition, a thicknessof the steel sheet after being treatedwith theair knifemaybe in a rangeof
0.2 to 6 mm. In addition, the air knife pressure of the nozzle may be in a range of 8 to 70 kPa.
[0096] By controlling to satisfy the air knife condition and/or relation 2, described above, an air knife treatment is
performed under severe conditions so that it is possible to prevent non-plating from occurring on the surface of the plated
steel sheet. In addition, a uniform plating layer may be formed by contributing to uniform growth of a plurality of structures
during solidification, and at the same time, an area ratio of the Al single phase included in the MgZn2 phase to the total
cross-sectional area of the plating layer and an area ratio of the Al single phase to the total cross-sectional area of the
plating layer may be controlled within an appropriate range. Therefore, it is possible to effectively provide a plated steel
sheet having excellent corrosion resistance and excellent surface quality.
[0097] In addition, according to an aspect of the present disclosure, although not particularly limited, during the cooling,
coolingmaybeperformedso thata ratio (De/Dc)of adamperopening rate (De)of anedgeportion toadamperopening rate
(Dc) to a central portion of the selectively hot-dip galvanized steel sheet in a width direction satisfy 60 to 99%. In this case,
the ’width direction’ of the steel sheet refers to a direction, perpendicular to a conveying direction of the steel sheet, based
on a surfaceexcluding a thickness-side surface of the hot-dip galvanized steel sheet (i.e., a surfacewhere the thickness of
the steel sheet is visible). In addition, the damper opening rate is a numerical value referring to an opening degree of a
control plate for controlling a flow rate of cooling gas to be sent from a cooling device to the base steel sheet. In order to
secureauniformcooling capacity according toawidth of the steel sheet,whichwill bedescribed later, a damper is installed
so that a total cooling gas input or controlled to the cooling device may be divided into the central portion and the edge
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portion according to the width direction of the base steel sheet and injected. A boundary between the dampers may be
divided into three sections according to the width of the base steel plate, and a position thereof may variably controlled so
that a middle section is occupied as a central portion, and two sections on an outer edge thereof are occupied as an edge
portion.
[0098] During cooling the conventional hot-dip galvanized steel sheet, there was a problem in that it is difficult to secure
microstructural characteristics on the surface of the plating layer bymaking the flow rate of the cooling gas constant in the
edge portion and the center portion without using a method or device for adjusting the ratio (De/Dc). In contrast, in the
present disclosure, contrary to usual cooling conditions, the damper opening rate of the edge portionmay be controlled to
be lower than that of the central portion by setting the ratio (De/Dc) to a range of 60 to 99%, so that uniform cooling
performancemaybe realized in thewidth direction of the steel sheet. That is, thepresent inventors recognize that theedge
portion has a larger area exposed to an external atmosphere than the central portion, in the width direction of the steel
sheet, so that a temperature of the steel sheet in a region corresponding to theedgeportion is inevitably loweredat a faster
rate than the central portion, and have found that it is possible to secure uniformcharacteristics of the surfaceof the plating
layer by artificially reducing the cooling rate at the edge portion. That is, cooling gas incident on the central portion in the
aforementioned cooling processnaturally escapes from the central portion to anexternal portion through theedgeportion.
However, since the edge portion receives the cooling gas incident on the edge portion and the cooling gas after being
incident on the central portion part in an overlapping manner, the cooling gas may be overcooled compared to the center
portion and adversely affect the cooling gas. Therefore, since the cooling rate of the edge portion is faster even without
applying artificial cooling gas, uniform cooling performance in the width direction is realized, and at the same time, LDH
(Layered Double Hydroxide; (Zn,Mg)6Al2(OH)16(CO3)·4H2O))is formed as an initial corrosion product, so that, in order to
increase corrosion resistance, the damper opening rate of the edge portion needs to be controlled to be lower than that of
the central portion.
[0099] In this case, when the ratio (De/Dc) of the damper opening rate (De) of the edge portion to the damper opening
rate (Dc) of the central portion is less than 60%, the edge portion is cooledmore slowly than the central portion, and when
exceeding 99%, the edge portion is overcooled compared to the central portion, which may be disadvantageous in
implementing uniform cooling performance in thewidth direction of the steel sheet. Due thereto, a structure of the surface
of the plating layer in the edge portion and the central portion becomes non-uniform, and when maintained under a
corrosive environment or under an atmospheric environment for a long period of time, LDH (Layered Double Hydroxide;
(Zn,Mg)6Al2(OH)16(CO3)·4H2O))as an initial corrosion product may be difficult to be formed uniformly.
[0100] In addition, although not particularly limited, according to an aspect of the present disclosure, an operation of
removing surface oxides of the base steel sheet before plating may be further included. In this case, a shot blasting
treatment before plating may be performed to remove the surface oxides of the base steel sheet. In addition, there is an
effect of activating a plating reaction by giving fine plastic deformation to a surface of the steel sheet to increase the
dislocation density in a structure of base iron.
[0101] In addition, according to an aspect of the present disclosure, a diameter of a metal ball used in the shot blasting
treatment may be 0.3 to 10 µm.
[0102] According to anaspect of the present disclosure, theoperating speedof the steel sheetmaybecontrolled to 50 to
150 mpm (meters per minute) during the shot blasting treatment.
[0103] According to an aspect of the present disclosure, it is possible to control themetal ball to collide with a surface of
the steel sheet at a projection amount of 300 to 3,000 kg/min during the shot blasting treatment.
[0104] According to an aspect of the present disclosure, by using ametal ball having a diameter of 0.3 to 10µm, ametal
ball of 300 to3,000 kg/min collideswith the surfaceof the steel plate onasteel sheetmovingat amoving speedof 50 to150
mpm, and a shot blasting treatment may be performed.
[0105] According to an aspect of the present disclosure, by performing a shot blasting treatment before plating the base
steel sheet to satisfy the above-described conditions for the base steel sheet before plating, in order that a inhibition layer
may be formed rapidly and uniformly by introducing mechanical potential before surface plating, or solidification nuclei
may be formedmore uniformly during solidification of the plating layer, a surface of the base steel sheetmay be activated.
[0106] That is, by satisfying the above-described conditions during a shot blasting treatment, a problem in which the
structure is formed rough due to the severe shot blasting treatment, resulting in deterioration of workability, or a problem in
which a degree of activation of the surface of the base steel sheet before plating is low due to the insufficient shot blasting
treatment, resulting in uniformity of the surface, may be prevented.
[0107] Therefore, it is possible to easily manufacture a plated steel sheet satisfying one or more of Ra, Rz, cross-
sectional hardness and thickness of the plating layer in the specific range described above by performing a shot blasting
treatment on the base steel sheet before plating, and optimizing the treatment conditions of the shot blasting, and
accordingly, a plated steel sheet having excellent corrosion resistance and workability, as well as uniformity or surface
quality suppressing the occurrence of non-plated regions.

Mode for Invention
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(Example)

[0108] Hereinafter, the present disclosure will be described in more detail with reference to Examples. However, the
following Examples are provided to illustrate and describe the present disclosure in detail, but are not intended to limit the
scopeof thepresent disclosure. This is because the scopeof thepresent disclosure is determinedbycontents disclosed in
the claims and contents reasonably inferred therefrom.

(Experimental Example 1)

[0109] For a base steel sheet having a composition of 0.025% of C, 0.03% of Si, 0.15% ofMn, 0.01% of P, 0.003% of S,
0.03% of Al 0.03%, with a balance of Fe and other unavoidable impurities, the base steel sheet was immersed in a plating
bath satisfying the conditions of Table 1 below, to obtain a hot-dip plated steel sheet. The hot-dip plated steel sheet was
cooled using an inert gas in a portion of a cooling section froma zinc surface of the plating bath to a top roll section thereof,
to satisfy cooling rates described in Table 1 below.

[Table 1]

No.

Plating bath composition (wt%)

Ts*
plating bath
temperature
[°C]

t* A* B* C*

Average
cooling rate
to Top roll
[°C/s]

Type of
gasMg Al Si Sn Zn

A1 4.1 8.9 0.005 0.003 87.0 390 450 4.5 4 3 3 3 N2

A2 4.3 11.3 0.001 0.005 84.4 415 470 2.5 13 10 9 13 N2

A3 5.1 11.3 0.004 0.02 83.6 419 490 0.4 40 23 21 27 N2

B1 5.4 12.9 0.007 0.001 81.7 430 490 3.5 10 8 10 9 N2

B2 5.9 13.5 0.1 0.09 80.4 441 480 0.6 35 22 19 27 N2+Ar

B3 6.4 13.8 0.15 0.07 79.6 452 500 1.6 29 18 15 20 Ar

C 4.0 8.0 0.25 0.05 87.7 391 450 5.5 2 3 3 2.5 -

D 6.6 15.0 0.3 0.09 78.0 441 500 1.5 11 15 21 15 N2

E 5.2 11.5 0.1 0.3 82.9 430 490 0.7 25 27 21 25 N2

F 6.0 13.5 0.25 0.05 80.2 464 545 0.4 31 30 25 35 N2

G 4.0 8.0 0.2 0.03 87.8 391 475 1.6 24 17 15 18 N2

H 5.0 15.0 0.15 0.06 79.8 436 470 1.5 21 15 13 17 N2

I 5.5 12.6 0.18 0.09 81.6 431 515 2.5 11 8 8 9 N2

J 6.2 13.8 0.15 0.05 79.8 446 500 6.5 3 3.5 3.5 3.3 N2

Ts*: a solidification start temperature in an equilibrium phase diagram
t*: a thickness of a steel sheet [mm]
A*:an average cooling rate from a plating bath temperature to a plating solidification start temperature [°C/s]
B*:anaveragecooling rate fromaplatingsolidificationstart temperature toaplatingsolidificationstart temperature ‑30°C
[°C/s]
C*:an average cooling rate from a plating solidification start temperature ‑30°C to 300°C [°C/s]

[0110] Meanwhile, a composition of the plating layer wasmeasured by dissolving the plating layer in a hydrochloric acid
solution for the above-described plated steel sheet and analyzing the dissolved liquid by a wet analysis (ICP) method. In
addition, a cross-sectional specimen cut in a direction, perpendicular to a rolling direction of the steel sheet was prepared
so that an interface between the plating layer and base iron was observed. After preparing a cross-sectional specimen, it
was imagedbySEM, itwasconfirmed that abasesteel sheet; aZn-Mg-Al-basedplating layer; andaFe-Al-based inhibition
layer was formed between the base steel sheet and the Zn-Mg-Al-based plating layer. Referring to FIG. 4, which is an
image captured by FE-SEMbymagnifying a cross-sectional specimen of such a plated steel sheet in a thickness direction
at amagnification of 1,000, as an example, an occupied length of an outburst phasewasmeasured by applying the above-
describedmeasurementmethod of FIG. 8 as it is. In addition, the number ofMg2Si alloy phases having amajor axis of 500
nmormore formed at the interface between the inhibition layer and the plating layer per 100µmof an interface lengthwas

12

EP 4 818 361 A1

5

10

15

20

25

30

35

40

45

50

55



measured. In addition, the characteristics were evaluated based on the following criteria for each example.

<Corrosion resistance>

[0111] In order to evaluate corrosion resistance, a salt spray tester (Salt Spray Tester) was used to evaluate the
corrosion resistance according to a test method conforming to ISO 4993 according to the following criteria.

⊚: a time taken for red rust to occur was exceeded 30 times that of Zn plating of the same thickness
○: a time taken for red rust to occur was 20 times or more and less than 30 times compared to Zn plating of the same
thickness
△: a time taken for red rust to occur was 10 times or more and less than 20 times compared to Zn plating of the same
thickness
X: a time taken for red rust to occur was less than 10 times that of Zn plating of the same thickness

<Uniformity>

[0112] In order to evaluate uniformity, a cross-section of the plating layer was photographed in a Back Scattering Mode
(BSI) using an SEM device, to identify a phase in the plating layer. After taking 5 random spots with a length of 600 µm, a
length of a section in which MgZn2 crystals with a circle-equivalent diameter of 5 µm or more were not formed were
measured and evaluated according to the following criteria.

⊚: a lengthof thesectionwhereMgZn2 crystalswithacircle-equivalent diameter of 5µmormorearenot formed is less
than 100 µm
○: a lengthof the sectionwhereMgZn2 crystalswith acircle-equivalent diameter of 5µmormorearenot formed is 100
µm or more and less than 200 µm
△: a lengthof the sectionwhereMgZn2 crystalswith acircle-equivalent diameter of 5µmormorearenot formed is 200
µm or more and less than 300 µm
X:a length of the sectionwhereMgZn2 crystalswith a circle-equivalent diameter of 5µmormoreare not formed is 300
µm or more

<Bendability>

[0113] In order toevaluatebendability, after 3Tbendingusingabending test device, thebendabilitywasevaluatedusing
a method obtaining an average of crack widths of the plating layer of the bent portion according to the following criteria.

⊚: an average width of cracks in the plating layer after 3T bending is less than 30 µm
○: an average width of cracks in the plating layer after 3T bending is 30 µm or more and less than 50 µm
△: an average width of cracks in the plating layer after 3T bending is 50 µm or more and less than 100 µm
X: an average width of cracks in the plating layer after 3T bending is 100 µm or more

[0114] The evaluation results for the above-described measured values and characteristics were illustrated in Table 2
below.

[Table 2]

No.
Plating layer composition (wt%)

Na* Lo*
Evaluation of properties

Mg Al Si Sn Fe Zn corrosion
resistance Uniformity Bendability

Example
1 A1 4.0 8.9 0.005 0.004 0.2 87.6 0 0 ⊚ ○ ○

Example
2 A2 4.5 11.4 0.004 0.005 0.3 84.0 0 0 ⊚ ○ ○

Example
3 A3 5.0 11.5 0.005 0.05 0.2 83.4 0 0 ⊚ ○ ○

Example
4 B1 5.5 13.0 0.007 0.001 0.3 81.5 1 0 ⊚ ○ ○
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(continued)

No.
Plating layer composition (wt%)

Na* Lo*
Evaluation of properties

Mg Al Si Sn Fe Zn corrosion
resistance Uniformity Bendability

Example
5 B2 6.0 13.9 0.1 0.09 0.1 79.9 3 0 ⊚ ○ ○

Example
6 B3 6.5 14.0 0.15 0.07 0.1 79.3 4 0 ⊚ ○ ○

Example
7 C 4.2 7.9 0.27 0.05 3.5 84.3 11 0 Δ Δ Δ

Example
8 D 6.7 15.1 0.05 0.01 0.3 78.8 12 14 ○ Δ ○

Example
9 E 5.3 11.6 0.1 0.25 0.2 83.3 15 5 ○ × Δ

Example
10 F 6.2 13.8 0.3 0.04 5.5 70.7 20 25 Δ Δ ×

Example
11 G 4.1 7.9 0.2 0.03 4.5 83.2 11 12 Δ ○ ×

Example
12 H 5.2 15.1 0.15 0.06 5.1 74.4 13 16 Δ Δ ×

Example
13 I 5.6 12.7 0.19 0.08 3.2 78.2 15 13 Δ ○ ×

Example
14 J 6.2 13.8 0.15 0.05 0.2 79.6 15 0 Δ Δ Δ

Lo*: When an interface line of the base steel sheet is spaced 5 µm apart toward a surface of the plating layer, a ratio
of the length, occupied by an outburst phase intersecting the spaced line to a length of the spaced line (%)
Na*: the number ofMg2Si alloy phaseswith amajor axis of 500 nmormore formed at an interface between the inhibition
layer and the plating layer per 100 µm of a length of the interface.

[0115] As can be seen in Tables 1 and 2, in the case of Examples 1 to 6, satisfying both the composition and
manufacturing conditions of the plating layer according to the present disclosure, it was confirmed that the properties
of corrosion resistance, uniformity and bendabilitywere all excellent, compared toExamples 7 to 14, not satisfying at least
one of the composition and manufacturing conditions of the plating layer.
[0116] Meanwhile, for the plated steel sheet prepared in Example 1, a cross-sectional specimen cut in a direction,
perpendicular to a rolling direction of the steel sheet wasmade so that an entire plating layer and base ironwere observed
together. Aphotographof the cross-sectional specimenwas takenbyFE-SEMat amagnificationof 500wasshown inFIG.
1. Thereby, it was confirmed that a Fe-Al-based inhibition layer and a Zn-Al-Mg-based plating layer were formed on the
base steel sheet.
[0117] In addition, for the plated steel sheet prepared in Example 4, a photograph of a cross-sectional specimen cut in
the same manner as described above was magnified with FE-SEM at a magnification of 500 and observed by FE-SEM,
which was shown in FIG. 2.
[0118] In addition, a photograph obtained by observing a surface of the plated steel sheet prepared in Example 2 by FE-
SEM at a magnification of 1,000 was shown in FIG. 3.

(Experimental Example 2)

[0119] A plated steel sheet was manufactured in the same manner as in Experimental Example 1 described above,
except that conditions were added to satisfy an interval of an air knife (AK), a thickness of the steel sheet, and air knife
pressure of Table 3 below. In this case, using the same analysis method as in Experimental Example 1, it was confirmed
that a Zn-Al-Mg-based plating layer and a Fe-Al-based inhibition layer were formed on the base steel sheet.
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[Table 3]

No.

Thickness
of steel
sheet
[mm]

AK
interval
[mm]

AK
pressure
[KPa]

Relation
2

Plating layer composition (wt%)

Mg Al Si Sn Fe Zn

EXAMPLE
15 A1 0.4 10 50 0.08 4 8.5 0.005 0.004 0.2 87.3

EXAMPLE
16 A1 0.1 15 10 0.60 4.1 8.7 0.003 0.005 0.2 87.0

EXAMPLE
17 A2 1 50 14.8 3.39 4.6 11.7 0.001 0.004 0.1 83.6

EXAMPLE
18 A3 1.5 150 8 28.13 5 11.5 0.005 0.05 0.2 83.2

EXAMPLE
19 A3 1.5 20 8 3.75 4.8 11.7 0.004 0.05 0.2 83.2

EXAMPLE
20 B1 2.5 25 50 1.25 5.5 12.9 0.007 0.001 0.3 81.3

EXAMPLE
21 B3 6 100 25 24.00 6.3 13.8 0.15 0.07 0.1 79.6

EXAMPLE
22 E 6 50 11 27.27 5.2 9 0.1 0.2 0.2 85.3

[0120] For the plated steel materials prepared from the examples in Table 3 above, an area ratio of an Al single phase
contained in a MgZn2 phase to a total cross-sectional area of the plating layer was measured. In this case, the Al single
phase contained in the MgZn2 phase was measured by the method described above in the present specification, as
illustrated in FIG. 7, using a photograph taken of a cross-section of the plated steel sheet with a field emission scanning
electronmicroscope (FE-SEM)andEPMA(ElectronProbeMicroAnalyzer), resultsof componentmappingwereanalyzed
usingEPMA (ElectronProbeMicro Analyzer) so thatMg andAl component distributions could be seen, andMgZn2 andAl
single phaseswere separatelymeasured. In addition, as for a thicknessof an inhibition layer, aminimum thickness thereof
in a direction, perpendicular to an interface was measured using an SEM or TEM apparatus.

[Table 4]

Lo * Na *

Plating layer Inhibition layer

Ne*

Al single phase
Thickness
[µm]

Fe content of
outburst phase

(wt%)
Area
fraction

Content (wt%)

Al Zn

EXAMPLE 15 0 0 0.6 1 40 50.4 1 -

EXAMPLE 16 0 0 1.0 1.7 54.5 38.5 1.2 -

EXAMPLE 17 0 0 3.0 9.8 67.5 31.5 0.9 -

EXAMPLE 18 0 0 4.8 15.0 71.5 28.5 0.05 -

EXAMPLE 19 0 0 3.2 8.8 59.4 38.5 0.05 -

EXAMPLE 20 0 0 0.5 0.8 51.5 47.9 0.1 -

EXAMPLE 21 0 2 2.1 3.9 55.8 42.9 0.1 -

EXAMPLE 22 5 11 0 0 - - 0.1 21

Ne*: an area ratio of an Al single phase included inside MgZn2 phase to a total cross-sectional area of the plating
layer

[0121] Meanwhile, with respect to the experimental examples in Table 4, it was observed whether or not there are the
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following examples as the Al single phase included inside the MgZn2 phase per 5,000 µm2 of the cross-sectional area of
the plating layer, and ∘ and X are shown in Table 5 below. In this case, the presence or absence of each phase included in
theplating layerwasevaluatedusing theabove-describedFE-SEMphotographandcomponentmapping result byEPMA.

(1) an Al single phase included inside a MgZn2 phase, and completely included by the MgZn2 phase
(2) an Al single phase partly included inside the MgZn2 phase, and partly protruding out of the MgZn2 phase
(3) an Al single phase in which a mixed phase of Al and Zn is completely included inside the MgZn2 phase, and
completely included inside the mixed phase of Al and Zn
(4) an Al single phase, completely included in themixed phase Al and Zn, a portion of which being included inside the
MgZn2 phase and the other portion of protruding out of the MgZn2 phase
(5) anAl single phase partly included in themixedphaseAl andZn, a portion ofwhich being included inside theMgZn2
phase and the other portion of which protruding out of the MgZn2 phase, and completely included inside a MgZn2
region
(6) an Al single phase partly included in the mixed phase of Al and Zn, a portion of which is being included inside the
MgZn2 phase and the other portion of which protruding out of the MgZn2 phase, wherein a portion of the Al single
phase is included inside the MgZn2 region and the other portion of the Al single phase protrudes of the MgZn2 region

[Table 5]

MgZn2 phase of plating layer

(1) (2) (3) (4) (5) (6)

EXAMPLE 15 × ○ × ○ ○ ×

EXAMPLE 16 ○ ○ ○ ○ ○ ×

EXAMPLE 17 ○ ○ ○ ○ ○ ○

EXAMPLE 18 × ○ ○ ○ ○ ○

EXAMPLE 19 ○ ○ ○ ○ ○ ○

EXAMPLE 20 × ○ × ○ ○ ○

EXAMPLE 21 ○ ○ ○ ○ ○ ○

EXAMPLE 22 × × × × × ×

[0122] In particular, with respect to Example 8, a X-ray diffraction (XRD) measurement result of the plating layer was
shown inFIG.5, and in this case, itwasconfirmed thatadiffraction intensity ratio I(200)/I(111),which isa ratioof (200)plane
X-ray diffraction intensity I (200) of the Al single phase and (111) plane X-ray diffraction intensity I (111) of the Al single
phase, is less than 0.8.
[0123] Meanwhile, the characteristics of Examples 5 to 22describedabovewere evaluatedand shown inTable 6below.
In this case, corrosion resistance, uniformity, and bendability were evaluated on in the same manner as in Experimental
Example 1 described above, and whether or not non-plated regions occurred was evaluated based on the following
criteria.

<Whether or not there is a non-plated region>

[0124]

⊚: No non-plating
∘: 1 to 3 non-plating
△: 4 or more non-plating
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[Table 6]

Evaluation of properties

Corrosion resistance Uniformity Bendability Whether or not non-plating region occurs

EXAMPLE 15 ⊚ ○ ⊚ ○

EXAMPLE 16 ⊚ ○ ⊚ ⊚

EXAMPLE 17 ⊚ ○ ⊚ ⊚

EXAMPLE 18 ⊚ ○ ○ ⊚

EXAMPLE 19 ⊚ ○ ⊚ ⊚

EXAMPLE 20 ⊚ ○ ○ ⊚

EXAMPLE 21 ⊚ ○ ⊚ ⊚

EXAMPLE 22 ○ × Δ Δ

[0125] As seen in Tables 3 to 6, in the case of Example 5 to 21, satisfying both the composition and manufacturing
conditions of the plating layer of the present disclosure, compared to Example 22, not satisfying the conditions of the
plating layer, characteristics such as uniformity, whether or not non-plating occurs, and bendability, were more excellent.
[0126] In particular, in the case of Examples 16, 17, 19, and 21 of the present disclosure, satisfying the condition of
Equation 2, it was confirmed that one or more of characteristics such as uniformity, whether or not a non-plated region
occurs, and bendability were further improved, compared to Examples 15, 18, and 20, not satisfying that Relation 2.

(Experimental Example 3)

[0127] Aplated steel sheet wasmanufactured in the samemanner as in Experimental Example 2, except that the same
base steel sheet as in Experimental Example 1was subjected to a shot blasting treatment satisfying the conditions shown
in Table 7 to remove surface oxides and then plating was performed. In this case, it was confirmed that an Fe-Al-based
inhibition layer and a Zn-Al-Mg-based plating layer were formed on the base steel sheet in the same manner as in
Experimental Example 1.

[Table 7]

No.

Air knife condition Shot blasting condition

AK
interval
[mm]

Thickness of
steel sheet

[mm]

AK
pressure
[KPa]

Diameter of
metallic ball

[µm]

Moving
speed
[mpm*]

Weight of metallic
ball per min.
[kg/min]

EXAMPLE 23 A1 0.4 20 15.5 0.5 160 3500

EXAMPLE 24 A1 0.4 20 15.5 0.5 140 2000

EXAMPLE 25 A2 1 26 18.555 0.5 100 100

EXAMPLE 26 A2 1 26 18.555 0.5 100 1000

EXAMPLE 27 A3 1.2 32 17.555 0.5 90 200

EXAMPLE 23 A3 1.2 32 16.115 0.5 90 1000

EXAMPLE 29 B1 1.6 28 16.115 5 85 3500

EXAMPLE 30 B1 1.6 28 14.83 5 85 3000

EXAMPLE 31 B2 4 40 14.83 5 60 250

EXAMPLE 32 B2 4 40 14.82 5 60 350

EXAMPLE 33 B3 6 60 14.82 9 50 100

EXAMPLE 34 B3 6 60 15.125 9 50 500

EXAMPLE 35 E 0.5 25 15.125 5 180 100
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(continued)

No.

Air knife condition Shot blasting condition

AK
interval
[mm]

Thickness of
steel sheet

[mm]

AK
pressure
[KPa]

Diameter of
metallic ball

[µm]

Moving
speed
[mpm*]

Weight of metallic
ball per min.
[kg/min]

EXAMPLE 36 F 4.5 25 13.975 5 40 3500

mpm*: meter per minute
mpm*: meter per minute

[0128] The results are shown in Tables 8 and 9 using the same measurement method as in Experimental Examples 1
and 2 described above. Meanwhile, Ra in Table 9 wasmeasured using a two-dimensional surface roughness measuring
device, Rzwasmeasured using aKSB0161measuringmethod, and a cutoff valuewasmeasured based on 2.5µmwhen
measuring roughness. Inaddition, basedonacross-sectionof theplating layer, thecross-sectional hardnessof theplating
layer was measured using a microhardness measuring device capable of measuring in the thickness of the plating layer.

[Table 8]

Plating layer composition (wt%)
Lo* Na*

Mg Al Si Sn Fe Zn

EXAMPLE 23 4.1 8.7 0.07 0.002 0.2 86.9 5 1

EXAMPLE 24 4.1 8.8 0.1 0.005 0.1 86.9 0 0

EXAMPLE 25 4.5 11.5 0.003 0.003 0.2 83.8 0 0

EXAMPLE 26 4.3 11.4 0.005 0.002 0.2 84.1 0 0

EXAMPLE 27 5.1 11.4 0.005 0.03 0.1 83.4 0 0

EXAMPLE 28 5.2 11.3 0.006 0.02 0.2 83.3 0 0

EXAMPLE 29 5.5 13.1 0.007 0.001 0.1 81.3 8 0

EXAMPLE 30 5.4 12.9 0.006 0.001 0.2 81.5 0 0

EXAMPLE 31 5.9 13.4 0.12 0.08 0.1 80.4 0 5

EXAMPLE 32 6 13.6 0.1 0.09 0.1 80.1 0 0

EXAMPLE 33 6.2 13.9 0.13 0.07 0.2 79.5 0 8

EXAMPLE 34 6.4 13.7 0.15 0.08 0.2 79.5 0 0

EXAMPLE 35 5.3 11.6 0.12 0.25 0.2 82.5 23 15

EXAMPLE 36 6.1 13.6 0.3 0.05 0.3 79.7 32 20

[0129] For theplatedsteel sheetsmanufactured inExamples23 to36describedabove, propertieswereevaluated in the
same manner as in Experimental Example 2, which are shown in Table 10 below.

[Table 9]

Plating layer Inhibition layer

Al single phase Area
fraction
of single
phase in
MgZn2
phase

Ra
[µm]

Rz
[µm]

Cross-
sectional
hardness
[HV]

Thickness
[µm]

Thickness
[µm]

Fe
content

of
outburst
phase
(wt%)

Area
fraction

content
(wt%)

Al Zn

EXAMPLE
23 1 38.5 50.8 0 0.5 1 220 4 2.5 22

18

EP 4 818 361 A1

5

10

15

20

25

30

35

40

45

50

55



(continued)

Plating layer Inhibition layer

Al single phase Area
fraction
of single
phase in
MgZn2
phase

Ra
[µm]

Rz
[µm]

Cross-
sectional
hardness
[HV]

Thickness
[µm]

Thickness
[µm]

Fe
content

of
outburst
phase
(wt%)

Area
fraction

content
(wt%)

Al Zn

EXAMPLE
24 5 51.5 47.8 1 0.6 5 210 5 1.8 -

EXAMPLE
25 11 55.5 44 2.5 0.7 6 190 6 0.8 -

EXAMPLE
26 8 59.3 40.1 3 1.3 12 250 7 0.9 -

EXAMPLE
27 9 61 38.4 2 2.9 25 400 30 0.05 -

EXAMPLE
28 8 61.5 38.1 2.6 1.7 15 310 20 0.1 -

EXAMPLE
29 12 59.4 40.3 0 1.5 15 460 60 0.05 21

EXAMPLE
30 9 67.3 32.5 1.5 3.0 18 440 45 0.05 -

EXAMPLE
31 1 43.5 45.6 0 0.5 4 470 105 0.05 -

EXAMPLE
32 6 48.7 40.6 2 0.8 5 400 70 0.05 -

EXAMPLE
33 5 38.5 50.9 0 0.5 0.5 460 110 0.1 -

EXAMPLE
34 4 44.5 45.1 1.5 0.9 8 390 90 0.1 -

EXAMPLE
35 0 - - - 0.4 0.5 190 4 0.1 23

EXAMPLE
36 0 - - - 3.5 25 460 110 0.1 25

[Table 10]

Corrosion resistance
Evaluation of properties

Uniformity Whether or not non-plating region occurs Bendability

EXAMPLE 23 ⊚ ⊚ ○ ○

EXAMPLE 24 ⊚ ⊚ ⊚ ⊚

EXAMPLE 25 ⊚ ⊚ ○ ⊚

EXAMPLE 26 ⊚ ⊚ ⊚ ⊚

EXAMPLE 27 ⊚ ○ ⊚ ⊚

EXAMPLE 28 ⊚ ⊚ ⊚ ⊚

EXAMPLE 29 ⊚ ○ ⊚ ○

EXAMPLE 30 ⊚ ⊚ ⊚ ⊚

EXAMPLE 31 ⊚ ○ ⊚ ⊚
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(continued)

Corrosion resistance
Evaluation of properties

Uniformity Whether or not non-plating region occurs Bendability

EXAMPLE 32 ⊚ ⊚ ⊚ ⊚

EXAMPLE 33 ⊚ ○ ⊚ ⊚

EXAMPLE 34 ⊚ ⊚ ⊚ ⊚

EXAMPLE 35 ○ Δ × ×

EXAMPLE 36 ○ × ○ ×

[0130] As can be seen in Tables 8 to 10, in the case of Examples 23 to 34 of the present application, satisfying both the
compositionandmanufacturing conditionsof theplating layer of thepresent disclosure, compared toExamples35and36,
not satisfying the conditions of the plating layer, characteristics such as uniformity, whether or not non-plating occurs,
bendability, and the like were further improved.
[0131] In particular, in the case ofExamples 24, 26, 28, 30, 32, and 34, satisfying all shot blasting treatment conditions in
which ametallic ball at 300 to 3,000 kg/min collideswith a surface of the steel sheetmoving at amoving speed of 50 to 150
mpm, themetallic ball usedhavingadiameter of 0.3 to10µm, itwasconfirmed that at least oneofuniformity,whetherornot
non-plated regions occur, and bendability was further improved, compared to Examples 23, 25, 27, 29, 31 and 33, not
satisfying at least one of the above-described shot blasting treatment conditions.

(Experimental Example 4)

[0132] Except for changing the manufacturing conditions to satisfy Table 11 below, and setting an average damper
opening rate of the edge portion and the central portion in the width direction of the steel sheet based on the surface of the
hot-dipped steel sheet during cooling as shown in Table 12 below, an experiment was conducted under the same
conditions as in Example 1.

[Table 11]

Remarks No.

Plating bath composition (balance
of Zn) [wt%]

Ts*

Plating
bath

temper -
ature
[°C]

t* A* B* C* Vc*
Mg Al Si Sn

EXAMPLE 37 K 5.0 11.9 0.001 0.001 417 470 1.2 21 14 20 17

EXAMPLE 38 L 5.3 12.3 0.005 0.004 425 480 2.5 16 9 13 13

EXAMPLE 39 M 5.4 12.6 0.01 0.02 428 460 3.0 10 7 10 9

EXAMPLE 40 N 3.5 10 0.02 0.03 408 450 6.0 29 17 10 9

[Table 12]

Remarks No. De* Dc* De/Dc

EXAMPLE 37 K 62 99 63

EXAMPLE 38 L 66 100 66

EXAMPLE 39 M 60 98 61

EXAMPLE 40 N 98 99 101

De*: an average damper opening rate of edge portion [%]
Dc*: an average damper opening rate in central portion [%]

[0133] A specimen of the plated steel sheet described above was prepared, the plating layer was dissolved in a
hydrochloric acid solution, and the dissolved solutionwas analyzed bywet analysis (ICP) tomeasure a composition of the
plating layer, so that it was confirmed that the composition of the plating layer of the present disclosure was satisfied.In
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addition, after preparing a cross-sectional specimen cut in a direction, perpendicular to a rolling direction of the steel sheet
so that the interface between the plating layer and base iron is observed, photographed by SEM, it was confirmed that a
base steel sheet; a Zn-Mg-Al-basedplating layer; andanFe-Al-based inhibition layerwere formedbetween the base steel
sheet and the Zn-Mg-Al-based plating layer.
[0134] For the surface specimens of the plating layer obtained from each Example and Comparative Example,
characteristics were evaluated based on the following criteria, and the evaluation results of the characteristics are shown
in Table 13 below.

<Plate corrosion resistance>

[0135] In order to evaluate corrosion resistance of a plate, a salt spray tester (SST) was used to perform evaluation
according to the following criteria, by the testing method in accordance with ISO14993.

⊚: a time taken for red rust to occur exceeded 40 times that of Zn plating of the same thickness
∘: a time taken for red rust to occur was 30 times or more and less than 40 times compared to Zn plating of the same
thickness
△: a time taken for red rust to occurwasmore than 20 timesand less than 30 times compared toZnplating of the same
thickness
X:a time taken for red rust to occur was less than 20 times that of Zn plating of the same thickness

<Bent portion corrosion resistance>

[0136] In order to evaluate corrosion resistance of a bent portion, it was evaluated by a test method conforming to
ISO14993 using a salt spray tester (SST). The corrosion resistance evaluation specimen was subjected to 90° bending
with the same material thickness and the same plating amount.

⊚: a time taken for red rust to occur was 30 times longer than Zn plating of the same thickness
∘: a time taken for red rust to occur was 20 times or more and less than 30 times compared to Zn plating of the same
thickness
△: a time taken for red rust to occur was 10 times or more and less than 20 times compared to Zn plating of the same
thickness
X: a time taken for red rust to occur was less than 10 times that of Zn plating of the same thickness

<Scattering reflectance>

[0137] Each specimen is collected by dividing a position thereof into 1/4 point, center, 3/4 point, and edge in a width
direction of the hot-dip plated steel sheet. In order to evaluate an amount of scattered and reflected light compared to total
reflection for each specimen, light in a visible light wavelength band (400 to 800 nm)was incident on an integrating sphere
and evaluated by a test method conforming to ISO9001 according to the type of reflected light.

⊚: a ratio of scattering reflectance to average total reflectance in a width direction exceeded 80%, and deviation of
scattering reflectance in the width direction was less than 10%.

o: a ratio of scattering reflectance to average total reflectance in awidth directionwas70%ormoreand less than80%,
and deviation of scattering reflectance in the width direction was 10% or more

△: a ratioof scattering reflectance toaverage total reflectance inawidthdirectionwas60%ormoreand less than70%,
and deviation of scattering reflectance in the width direction was 10% or more

X: a ratio of scattering reflectance to average total reflectance in a width direction was less than 60%%, and deviation
of scattering reflectance in the width direction was 10% or more

[0138] For the plated steel sheets obtained fromExamples 37 to 40, the type of corrosion product initially formed on the
surfaceand the timeatwhich theLDHcorrosionproductwas formedweremeasuredusinganEDSorXRDapparatus, and
are shown in Table 13 below.
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[Table 13]

Remarks Types of corrosion products
that first form on a surface

Time for
LDH

corrosion
products to
be formed

Evaluation of properties

Corrosion
resistance of
plate portion

Corrosion
resistance of
bent portion

Scattering
refectance

EXAMPLE 37 Layered Double Hydroxide 5 min. ⊚ ⊚ ⊚

EXAMPLE 38 Layered Double Hydroxide 5 min. ⊚ ⊚ ⊚

EXAMPLE 39 Layered Double Hydroxide 5 min. ⊚ ⊚ ⊚

EXAMPLE 40 Simonkolleite - Δ × ×

De*: an average damper opening rate of an edge portion [%]
262 Dc*: Average damper opening rate of an central portion [%]

[0139] As can be seen in Table 13, in the case of Examples 37 to 39 satisfying both the plating composition and the
manufacturing conditions of the present disclosure, it was confirmed that LDH was first formed on a surface of the plated
steel sheet during the corrosion resistance evaluation experiment. For this reason, it was confirmed that the corrosion
resistance was further improved in a plate portion and a bent portion, and scattering reflectance of the surface of the steel
sheet was somewhat high, so that the surface quality was excellent.
[0140] Ontheotherhand, in thecaseofExample40,not satisfying thecoolingconditionsof thepresentdisclosure, itwas
confirmed that Simon colite was first formed on a surface of the plated steel sheet during the corrosion resistance
evaluation experiment. For this reason, not only the plate corrosion resistance of the plated steel sheet, but also the
corrosion resistance of the bent portionwas somewhat inferior. In addition, it was confirmed that the scattering reflectance
was also somewhat low and the surface quality was inferior.
[0141] While example embodiments have been shownand described above, it will be apparent to those skilled in the art
that modifications and variations could bemade without departing from the scope of the present disclosure as defined by
the appended claims.
[0142] The invention is described in further detail with reference to the following aspects:
Aspects

Aspect 1
A plated steel sheet, comprising:

a base steel sheet;
a Zn-Mg-Al based steel sheet plating layer provided on at least one surface of the base steel sheet; and
an Fe-Al based inhibition layer provided between the base steel sheet and the Zn-Mg-Al based plating layer,
wherein the plating layer comprises, by weight:
4% or more of Mg; 2.1 times or more of a Mg content and 14.2% or less of Al; 0.2% or less (including 0%) of Si;
0.1% or less (including 0%) of Sn, with a balance of Zn and unavoidable impurities.

Aspect 2
The plated steel sheet of aspect 1, wherein, in a cut surface of the steel sheet in a thickness direction, when an
interface line of thebase steel sheet is spaced5µmapart towarda surfaceof the plating layer, a length occupiedbyan
outburst phase intersecting the spaced line is 10% or less compared to a length of the spaced line.

Aspect 3
The plated steel sheet of aspect 2, wherein a Fe content of the outburst phase is 10 to 45% by weight, and an alloy
phaseof the outburst phase contains at least oneof Fe2Al5, FeAl andFe-Zncompounds, and contains 20%ormoreof
Zn by weight.

Aspect 4
The plated steel sheet of aspect 1, wherein a cross-sectional hardness of the plating layer is 200 to 450 Hv.

Aspect 5
The plated steel sheet of aspect 4, wherein the number of Mg2Si phases having a major axis of 500 nm or more, in
contact with an interface between the plating layer and the inhibition layer is 10 or less per 100 µm.
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Aspect 6
The plated steel sheet of aspect 1, wherein a Si content of the plating layer is 0.01% or less.

Aspect 7
The plated steel sheet of aspect 1, wherein a Si content of the plating layer is 0.09% or less.

Aspect 8
The plated steel sheet of aspect 7, wherein a Sn content of the plating layer is 0.05% or less.

Aspect 9
The plated steel sheet of aspect 1, wherein a Fe content of the plating layer is 1% or less.

Aspect 10
The plated steel sheet of aspect 1, wherein the inhibition layer has a thickness of 0.02µmormore and 2.5µmor less.

Aspect 11
Theplated steel sheet of aspect 1,wherein a sumof areasof anAl single phase included in aMgZn2phaseexists in an
area ratio of 0.5 to 10% to a total plating layer cross-sectional area.

Aspect 12
The plated steel sheet of aspect 11, wherein the single Al single phase is entirely or partly located inside the MgZn2
phase.

Aspect 13

[0143] The plated steel sheet of aspect 12, wherein the Al single phase included inside theMgZn2 phase is an Al single
phase corresponding to at least one of the following cases:

- an Al single phase included inside a MgZn2 phase, and completely included by the MgZn2 phase,

- an Al single phase, a portion of the Al single phase being included inside theMgZn2 phase and the portion of Al single
phase protruding out of the MgZn2 phase,

- anAl single phase inwhichamixedphaseofAl andZn is completely included inside theMgZn2phase, andcompletely
included inside the mixed phase of Al and Zn,

- an Al single phase completely included inside the mixed phase Al and Zn, in which a portion of the Al single phase is
included inside the MgZn2 phase and the other portion of the Al single phase protrudes out of the MgZn2 phase,

- anAl single phase partly included in themixed phase of Al and Zn, in which a portion of the Al single phase is included
inside theMgZn2phaseand theother portion of theAl single phaseprotrudesout of theMgZn2 phase, and completely
included inside a MgZn2 region, and

- Al single phase partly included in the mixed phase of Al and Zn, in which a portion of the Al single phase is included
inside the MgZn2 phase and the other portion of the Al single phase protrudes out of the MgZn2 phase, wherein a
portion thereof is included inside the MgZn2 region and the other portion thereof protrudes out of the MgZn2 region.

Aspect 14
The plated steel sheet of aspect 12, wherein the Al single phase comprises, byweight%, 40 to 70%of Al; 0.2%, with a
balance of Zn and unavoidable impurities.

Aspect 15
The plated steel sheet of aspect 12, wherein, in the plating layer, a ratio of the Al single phase to the entire cross-
section of the plating layer is 1 to 15% by area fraction.

Aspect 16
The plated steel sheet of aspect 1, wherein surface roughness Ra of the plating layer is 0.5 to 3.0 µm.
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Aspect 17
The plated steel sheet of aspect 1, wherein surface roughness Rz of the plating layer is 1 to 20 µm.

Aspect 18
The plated steel sheet of aspect 1, wherein the thickness of the plating layer is 5 to 100 µm.

Aspect 19
The plated steel sheet of aspect 1, wherein a diffraction intensity ratio I(200)/I(111), which is a ratio of X-ray diffraction
intensity I(200) of (200) plane of Al and X-ray diffraction intensity I(111) of (111) plane of Al, is 0.8 or less.

Aspect 20
The plated steel sheet of aspect 1, wherein, under an atmospheric environment and a chloride environment of
ISO14993, LDH((Zn,Mg)6Al2(OH)16(CO3)·4H2O) is formed before simoncolite (Zn5(OH)8Cl2) and hydrozinsite (Zn5
(OH)6(CO3)2) on a surface of the Zn-Mg-Al-based plating layer.

Aspect 21
The plated steel sheet of aspect 1, wherein, under an atmospheric environment and a chloride environment of
ISO14993, LDH((Zn,Mg)6Al2(OH)16(CO3)·4H2O) is formed on a surface of the Zn-Mg-Al-based plating layer within 6
hours in an atmospheric environment, and within 5 minutes in a chloride environment of ISO14993.

Aspect 22
The plated steel sheet of aspect 1, wherein a time taken for red rust to occur under a chloride environment including
salt spray and dipping environments is 40 to 50 times longer than that of Zn plating of the same thickness in a plate
portion; and 20 to 30 times longer in 90 degree in a bending portion.

Aspect 23
A method for manufacturing a plated steel sheet, comprising:

an operation of dipping a base steel sheet, the base steel sheet, including by weight%: 4% or more of Mg; 2.1
times or
more of aMg content and 14.2%or less of Al; 0.2%or less (including 0%) of Si; 0.1%or less (including 0%) of Sn,
with a balance of Zn and unavoidable impurities, in a plating bath maintained at a temperature 20 to 80°C higher
than a solidification start temperature in an equilibrium phase diagram and hot-dip galvanizing the same; and
an operation of cooling the steel sheet starting from a bath surface of the plating bath to a top roll section at an
average cooling rate of 3 to 30°C/s using inert gas, wherein the cooling operation controls a cooling rate to satisfy
the following Relations 1‑1 and 1‑2,

where, inRelations1‑1and1‑2, t is a thicknessof thesteel sheet,A isanaveragecooling rate (°C/s) fromaplatingbath
temperature to a solidification start temperature, B is an average cooling rate (°C/s) from the solidification start
temperature to a solidification initiation temperature ‑30°C, andC is anaveragecooling rate (°C/s) fromasolidification
start temperature ‑30°C to 300°C.

Aspect 24
The plated steel sheet of aspect 23, after the operation of hot-dip galvanizing, an air knife treatment is performed to
satisfy the following Relation 2,
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where, in the above relation 2, the AK interval represents an interval (mm) between knives, the thickness of the steel
sheet represents a thickness (mm) of the steel sheet including all of the base steel sheet, the plating layer, and the
inhibition layer, and the AK pressure represents air knife pressure (KPa) of a nozzle.

Aspect 25
The plated steel sheet of aspect 23, wherein, before the operation of hot-dip galvanizing, further comprising:

an operation of performing a shot blasting treatment to remove surface oxides of the base steel sheet,
wherein the shot blasting treatment is performed so that ametal ball of 300 to 3,000 kg/min collideswith a surface
of the steel sheet at a moving speed of 50 to 150 mpm by using a metal ball having a diameter of 0.3 to 10 µm.

Aspect 26
The plated steel sheet of aspect 23, wherein, in the cooling operation, the cooling operation is performed such that a
ratio (De/Dc)of adamperopening rate (De)of anedgeportion toadamperopening rate (Dc)ofacentral portion is60 to
99%.

Claims

1. A plated steel sheet, comprising:

a base steel sheet;
a Zn-Mg-Al based steel sheet plating layer provided on at least one surface of the base steel sheet; and
an Fe-Al based inhibition layer provided between the base steel sheet and the Zn-Mg-Al based plating layer,
wherein the plating layer comprises, by weight:

Mg: 4% or more; Al: 2.1 times or more of Mg content; Si: 0.2% or less (including 0%); Sn: 0.1% or less
(including 0%), with a balance of Zn and unavoidable impurities,
wherein, in a cut surface of the steel sheet in a thickness direction, when an interface line of the base steel
sheet is spaced 5 µm apart toward a surface of the plating layer, a length occupied by an outburst phase
intersecting the spaced line is 10% or less compared to a length of the spaced line.

2. The plated steel sheet of claim 1, wherein a Fe content of the outburst phase is 10 to 45% by weight, and
analloy phaseof the outburst phase contains at least oneof Fe2Al5, FeAl andFe-Zncompounds, andcontains 20%or
more of Zn by weight.

3. The plated steel sheet of claim 1, wherein a cross-sectional hardness of the plating layer is 200 to 450 Hv.

4. The plated steel sheet of claim 1, wherein the number of Mg2Si phases having a major axis of 500 nm or more, in
contact with an interface between the plating layer and the inhibition layer is 10 or less per 100 µm.

5. The plated steel sheet of claim 1, wherein a Si content of the plating layer is 0.01% or less.

6. The plated steel sheet of claim 1, wherein a Sn content of the plating layer is 0.09% or less.

7. The plated steel sheet of claim 6, wherein a Sn content of the plating layer is 0.05% or less.

8. The plated steel sheet of claim 1, wherein a Fe content of the plating layer is 1% or less.

9. The plated steel sheet of claim 1, wherein the inhibition layer has a thickness of 0.02 µmor more and 2.5 µmor less.

10. The plated steel sheet of claim 1, wherein a sumof areas of an Al single phase included in aMgZn2 phase exists in an
area ratio of 0.5 to 10% to a total plating layer cross-sectional area.
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11. The plated steel sheet of claim 10, wherein the single Al single phase is entirely or partly located inside the MgZn2
phase.

12. The plated steel sheet of claim 11, wherein the Al single phase included inside theMgZn2 phase is an Al single phase
corresponding to at least one of the following cases:

- an Al single phase included inside a MgZn2 phase, and completely included by the MgZn2 phase,
- an Al single phase, a portion of the Al single phase being included inside the MgZn2 phase and the portion of Al
single phase protruding out of the MgZn2 phase,
- an Al single phase in which a mixed phase of Al and Zn is completely included inside the MgZn2 phase, and
completely included inside the mixed phase of Al and Zn,
- anAl singlephasecompletely included inside themixedphaseAlandZn, inwhichaportionof theAl singlephase
is included inside theMgZn2 phase and the other portion of theAl single phase protrudes out of theMgZn2 phase,
- an Al single phase partly included in the mixed phase of Al and Zn, in which a portion of the Al single phase is
included inside the MgZn2 phase and the other portion of the Al single phase protrudes out of the MgZn2 phase,
and completely included inside a MgZn2 region, and
- Al single phase partly included in the mixed phase of Al and Zn, in which a portion of the Al single phase is
included inside the MgZn2 phase and the other portion of the Al single phase protrudes out of the MgZn2 phase,
wherein a portion thereof is included inside the MgZn2 region and the other portion thereof protrudes out of the
MgZn2 region.

13. The plated steel sheet of claim 11, wherein the Al single phase comprises, by weight%, 40 to 70% of Al; 0.2%, with a
balance of Zn and unavoidable impurities.

14. Theplated steel sheet of claim11,wherein, in the plating layer, a ratio of theAl single phase to the entire cross-section
of the plating layer is 1 to 15% by area fraction.

15. The plated steel sheet of claim 1, wherein surface roughness Ra of the plating layer is 0.5 to 3.0 µm.

16. The plated steel sheet of claim 1, wherein surface roughness Rz of the plating layer is 1 to 20 µm.

17. The plated steel sheet of claim 1, wherein the thickness of the plating layer is 5 to 100 µm.

18. The plated steel sheet of claim 1, wherein a diffraction intensity ratio I(200)/I(111), which is a ratio of X-ray diffraction
intensity I(200) of (200) plane of Al and X-ray diffraction intensity I(111) of (111) plane of Al, is 0.8 or less.

19. The plated steel sheet of claim 1, wherein, under an atmospheric environment and a chloride environment of
ISO14993, LDH((Zn,Mg)6Al2(OH)16(CO3)·4H2O) is formed before simoncolite (Zn5(OH)8Cl2) and hydrozinsite (Zn5
(OH)6(CO3)2) on a surface of the Zn-Mg-Al-based plating layer.

20. The plated steel sheet of claim 1, wherein, under an atmospheric environment and a chloride environment of
ISO14993, LDH((Zn,Mg)6Al2(OH)16(CO3)·4H2O) is formed on a surface of the Zn-Mg-Al-based plating layer within 6
hours in an atmospheric environment, and within 5 minutes in a chloride environment of ISO14993.

21. Theplated steel sheet of claim1,wherein a time taken for red rust to occur under a chloride environment including salt
spray anddipping environments is 40 to 50 times longer than that of Znplating of the same thickness in a plate portion;
and 20 to 30 times longer in 90 degree in a bending portion.
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