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Description
Technical Field

[0001] The present disclosure relates to a steel sheet suitable as a material for structural members, reinforcing
members, and the like, of automobiles, and more particularly, to a steel sheet having an excellent hole expansion ratio
and excellent hardness of a surface layer portion, and a method for manufacturing the same.

Background Art

[0002] Recently, with the aim of reducing global greenhouse gases, power systems of automobiles have been
changing from internal combustion engines to electric motors, and in the electric vehicle market, competition for
reducing automobile weight to increase driving distance per charge has been intensifying. As part of this trend, in
order to minimize the weight of battery pack housing components, aluminum alloys having a lower density than steel
materials have been actively adopted.

[0003] Meanwhile, automobile manufacturers and parts manufacturers are expanding the adoption of steel materi-
als, which have relatively low material costs due to a decrease in battery prices, have low carbon emissions in terms of
life cycle assessment, and have excellent responsiveness to thermal runaway, along with mass production for popu-
larization of electric automobiles.

[0004] Examples of the related art include the following documents.

[0005] Patent Document 1 is an example in which a steel material is applied to a lower plate of a battery housing for
protecting battery cells. In this technology, from the viewpoint of crashworthiness, ultra-high-strength steel having a
tensile strength of 980 to 1,800 MPa is adopted in order to protect battery cells from impacts occurring at a lower
portion of an automobile body during driving. Such ultra-high-strength steel not only provides crashworthiness but also
has the effect of supporting a heavy battery pack. However, in order to achieve high strength, use of a large amount of
ferroalloys is essential, and manufacturing costs are also relatively high due to a complicated heat treatment process.
[0006] Patent Document 2 discloses a steel sheet for structural members or reinforcing members of an automobile
body, the steel sheet having a tensile strength of 490 MPa or more, a relationship between tensile strength and
elongation (TSXEI) of 15,000 MPa% or more, and excellent plating properties. In this technology, by adding Sb as an
alloying element, a uniform enriched layer is formed in the outermost surface layer portion of a steel sheet, and
formation of oxidative inclusions in the surface layer portion is suppressed, thereby ensuring plating properties. How-
ever, the range of the Sb content proposed for forming an Sb-enriched layer in the surface layer of the steel sheet has
limitations in ensuring impact resistance against external factors such as stone chipping that may occur during driving
of an automobile. That is, in order to ensure the above-described impact resistance and the like, the hardness of the
surface layer portion of the steel sheet should be uniform; however, solid-solution strengthening and transformation
strengthening effects required to implement this may be insufficient. In addition, addition of a large amount of Sb may
not only act as a factor that deteriorates plating adhesion, but may also be economically disadvantageous because Sb
is an expensive element and increases manufacturing costs.

[0007] Meanwhile, Patent Document 3 discloses a technology for manufacturing a hot-dip plated steel sheet or an
alloyed hot-dip plated steel sheet having a tensile strength of 590 MPa and excellent fatigue properties and impact
resistance. In this technology, in order to suppress softening of a surface layer portion that may generally occur during
a steel sheet manufacturing process, temper rolling is performed after hot rolling to increase precipitation formation
sites in the structure of the surface layer portion, thereby additionally realizing a precipitation strengthening effect and
ensuring the hardness of the surface layer portion. However, in order to obtain the precipitation strengthening effect,
addition of expensive alloying elements such as Nb, Ti, Mo, and V is essential, and when these elements are non-
uniformly distributed in the surface layer portion, there is a problem of deterioration in plating properties, such as
occurrence of unplated portions. In addition, when the hardness of the surface layer portion of the steel sheet depends
only on the precipitation strengthening effect, defects such as transverse cracks may be caused during component
processing.

(Patent Document 1) Korean Patent Laid-Open Publication No. 2023-0032302
(Patent Document 2) Korean Patent No. 10-0711358
(Patent Document 3) Korean Patent No. 10-1313957

Summary of Invention
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Technical Problem

[0008] An aspect of the present disclosure is to provide a steel sheet suitable as a material for structural members,
reinforcing members, and the like of automobiles, the steel sheet having uniform hardness of a surface layer portion
and an excellent hole expansion ratio in order to improve resistance to impacts and the like that may be caused during
use of an automobile, and a method for manufacturing the same.

[0009] The object of the present disclosure is not limited to the above description. The object of the present
disclosure may be understood from the overall content of the present specification, and those skilled in the art to which
the present disclosure pertains will have no difficulty in understanding additional objects of the present disclosure.

Solution to Problem

[0010] According to an aspect of the present disclosure, a steel sheet contains, by wt%, 0.050 to 0.150% of carbon
(C), 0.010 to 1.000% of silicon (Si), 1.000 to 3.000% of manganese (Mn), 0.01 to 0.10% of aluminum (Sol.Al), 0.001 to
0.050% of phosphorus (P), 0.001 to 0.020% of sulfur (S), 0.0010 to 0.0100% of nitrogen (N), 0.020 to 0.300% of
chromium (Cr), 0.010 to 0.100% of nickel (Ni), 0.010 to 0.400% of copper (Cu), and the balance of Fe and other
inevitable impurities.

[0011] In the steel sheet according to an embodiment in the present disclosure, Si, Cr, and Ni in the alloy composi-
tion may satisfy the following Relational Expression 1.

[Relational Expression 1]

2.000 £ 17(Cr+Ni)/Si £ 4.000

[0012] (In Relational Expression 1, Cr, Ni, and Si represent the weight contents of the respective elements.)

[0013] As such, the steel sheet according to an embodiment in the present disclosure that satisfies the alloy
composition and Relational Expression 1 representing the content relationship of specific elements may control
enrichment behavior of Cr and Ni in a surface layer portion. In particular, a relationship between the contents of Cr
and Ni and the enrichment values of Cr and Ni in the surface layer portion may satisfy the following Relational
Expression 2.

[Relational Expression 2]
0.150 € A(Cr+Ni) £ 0.500
A(Cr+Ni) = [Cr(.5 mm*NLi(o.5 pmy] — [Cr(1/at)+Ni(1/45)]

[0014] (In Relational Expression 2, Cr(g 5 ,m) and Niq 5 ,m) represent the maximum enrichment values (wt%) of Cr
and Ni, respectively, in a surface layer region from a surface of the steel sheet to a depth of 500 nm in a thickness
direction, and Cr(4,4;) and Ni(/4,) represent the weight average contents of Cr and Ni, respectively, at a /4 point in the
thickness direction of the steel sheet (where t represents the thickness (mm) of the steel sheet).)

[0015] In an embodiment in the present disclosure, the steel sheet may further contain one or more selected from
molybdenum (Mo), niobium (Nb), and antimony (Sb) in a total content of 1.0% or less, and may further contain
0.0030% or less of boron (B).

[0016] In an embodiment in the present disclosure, the steel sheet may include, as a microstructure, ferrite having
an area fraction of 90% or more, and, as the balance, one or more of bainite, martensite, and retained austenite.
[0017] The steel sheet according to an embodiment in the present disclosure may have high strength and an
excellent hole expansion ratio, and may ensure uniform surface hardness.

[0018] As an example, the steel sheet may have a tensile strength (TS) of 590 MPa or more, and a relationship
between the tensile strength (TS) and hole expansion ratio (HER) may satisfy the following Relational Expression 3. In
addition, the steel sheet may have a surface hardness (Vickers hardness) of 170 or more.

[0019] In an embodiment in the present disclosure, the steel sheet may include a zinc-based plating layer formed on
at least one surface.

[0020] According to another aspect of the present disclosure, a method for manufacturing a steel sheet includes:
preparing a steel slab; heating the steel slab in a temperature range of 1,000 to 1,350°C; obtaining a hot-rolled steel
sheet by finish hot-rolling the heated steel slab in a temperature range of 800 to 1000°C; coiling the hot-rolled steel
sheet in a temperature range of 400 to 650°C; obtaining a cold-rolled steel sheet by cold-rolling the coiled hot-rolled
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steel sheet at a reduction ratio of 30% or more; annealing the cold-rolled steel sheet by heating the cold-rolled steel
sheet to a temperature of Ac1 or higher and holding the cold-rolled steel sheet at the temperature; and cooling the
annealed cold-rolled steel sheet to a temperature range of 450 to 650°C at a cooling rate of 35°C/s or less.

[0021] In an embodiment in the present disclosure, the steel slab may have the above-described alloy composition
and may also satisfy Relational Expression 1.

[0022] When the steel slab satisfying the alloy composition and Relational Expression 1 according to an embodi-
ment in the present disclosure is used, the steel sheet to be manufactured may satisfy Relational Expression 2.
[0023] In an embodiment in the present disclosure, the method may further include obtaining a hot-dip galvanized
steel sheet by subjecting the cooled cold-rolled steel sheet to hot-dip galvanizing in a temperature range of 440 to
480°C, and may optionally further include subjecting the hot-dip galvanized steel sheet to alloying heat treatment.

Advantageous Effects of Invention

[0024] According to the present disclosure, it is possible to provide a steel sheet having excellent hardness unifor-
mity in a surface layer compared to a high-strength steel sheet using a conventional transformed structure, and having
an improved hole expansion ratio.

[0025] The steel sheet of the present disclosure may also be easily formed into components, and thus may be
suitably applied to structural members, reinforcing members, and the like of automobiles.

Brief Description of Drawings

[0026] FIG. 1 shows part of the results obtained by measuring Cr and Ni enrichment values from a surface to a
depth of 1 wm in a thickness direction of a steel sheet according to an embodiment in the present disclosure, using a
glow discharge analysis technique (GDS, Glow Discharge Spectrometer).

Best Mode for Invention

[0027] The inventors of the present disclosure recognized problems of existing ultra-high-strength steel used as a
material for structural members, reinforcing members, and the like of automobiles. Accordingly, the inventors of the
present disclosure conducted intensive research on measures for ensuring resistance to impacts continuously applied
in an automobile use environment and for improving a hole expansion ratio of a steel sheet so that the steel sheet may
be easily formed into components and the like.

[0028] As a result, while optimizing the alloy composition and manufacturing conditions of the steel sheet, the
inventors of the present disclosure confirmed that the content relationship between specific elements affects the
surface layer hardness of the steel sheet, thereby completing the present disclosure.

[0029] Hereinafter, the present disclosure will be described in detail.

[0030] According to an aspect of the present disclosure, a steel sheet may contain, by wt%, 0.050 to 0.150% of
carbon (C), 0.010 to 1.000% of silicon (Si), 1.000 to 3.000% of manganese (Mn), 0.01 to 0.10% of aluminum (Sol.Al),
0.001 to 0.050% of phosphorus (P), 0.001 to 0.020% of sulfur (S), 0.0010 to 0.0100% of nitrogen (N), 0.020 to 0.300%
of chromium (Cr), 0.010 to 0.100% of nickel (Ni), and 0.010 to 0.400% of copper (Cu).

[0031] Hereinafter, reasons for limiting the alloy composition of the steel sheet according to an aspect of the present
disclosure will be described in detail. Meanwhile, unless otherwise specifically stated, the content of each element is
based on weight, and a fraction of a structure is based on area.

Carbon (C): 0.050 to 0.150%

[0032] Carbon (C) is the most economical and effective element for strengthening steel, and as a content thereof
increases, a fraction of hard phases (martensite, bainite, and the like) in a structure constituting the steel increases,
thereby increasing tensile strength.

[0033] In an embodiment in the present disclosure, when the content of C is less than 0.050%, the fraction of hard
phases in the steel structure becomes insufficient, such that a target level of strength cannot be ensured. On the other
hand, when the content thereof exceeds 0.150%, formation of coarse carbides or pearlite in the steel is facilitated,
such that formability deteriorates and weldability also deteriorates.

[0034] Therefore, in an embodiment in the present disclosure, C may be contained in an amount of 0.050 to 0.150%.
According to another embodiment in the present disclosure, C may be contained in an amount of 0.060% or more or
0.070% or more. According to still another embodiment in the present disclosure, C may be 0.145% or less or 0.140%
orless.
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Silicon (Si): 0.010 to 1.000%

[0035] Silicon (Si) is an element added for deoxidation of molten steel and may exhibit a solid-solution strengthening
effect.

[0036] In an embodiment in the present disclosure, when a content of Si is less than 0.010%, the above-described
effects cannot be sufficiently obtained. On the other hand, when the content thereof exceeds 1.000%, oxides are
formed on a surface of the steel, thereby inhibiting plating properties.

[0037] Therefore, in an embodiment in the present disclosure, Si may be contained in an amount of 0.010 to
1.000%. According to another embodiment in the present disclosure, Si may be contained in an amount of 0.020% or
more or 0.030% or more. According to still another embodiment in the present disclosure, Si may be 0.900% or less or
0.850% or less.

Manganese (Mn): 1.000 to 3.000%

[0038] Manganese (Mn) may be added for a solid-solution strengthening effect, similarly to Si. In addition, Mn
increases hardenability of steel, thereby facilitating formation of hard phases in the structure of the steel.

[0039] In an embodiment in the present disclosure, when the content of Mn is less than 1.000%, the above-
described effects cannot be sufficiently obtained. On the other hand, when the content thereof exceeds 3.000%,
hardenability of the steel greatly increases, and the fraction of hard phases becomes excessively high, such that it
may be difficult to ensure intended ductility.

[0040] Therefore, in an embodiment in the present disclosure, Mn may be contained in an amount of 1.000 to
3.000%. According to another embodiment in the present disclosure, Mn may be contained in an amount of 1.100%
or more or 1.200% or more. According to still another embodiment in the present disclosure, Mn may be 2.900% or
less or 2.850% or less.

Aluminum (Sol.Al): 0.01 to 0.10%

[0041] Aluminum (Sol.Al) is an element added for deoxidation of molten steel.

[0042] In an embodiment in the present disclosure, when a content of Sol.Al is less than 0.01%, the effect of adding
Sol.Al is insufficient. On the other hand, when the content thereof exceeds 0.10%, Sol.Al combines with nitrogen (N) to
form AIN, thereby easily causing corner cracks in a slab during continuous casting. In addition, defects may occur due
to formation of Al-based inclusions.

[0043] Therefore, in an embodiment in the present disclosure, Sol.Al may be contained in an amount of 0.01 to
0.10%.

Phosphorus (P): 0.001 to 0.050%

[0044] Phosphorus (P) is an element inevitably introduced into steel, and when a content thereof is excessive,
weldability of the steel may be inhibited, and a risk of embrittlement may increase. Meanwhile, in order to control P to
an extremely small amount, refining costs sharply increase.

[0045] Accordingly, in an embodiment in the present disclosure, the content of P may be limited to 0.001 to 0.050%.

Sulfur (S): 0.001 to 0.020%

[0046] Sulfur (S) is an element inevitably introduced into steel, and when a content thereof is excessive, weldability
of the steel may be inhibited, and ductility of the steel may deteriorate. Meanwhile, in order to control S to an extremely
small amount, refining costs sharply increase.

[0047] Accordingly, in an embodiment in the present disclosure, the content of S may be limited to 0.001 to 0.020%.

Nitrogen (N): 0.0010 to 0.0100%

[0048] Nitrogen (N) is an element inevitably introduced into steel, and when a content thereof is excessive, a risk of
embrittlement of the steel increases. In addition, there is a problem in that continuous casting quality deteriorates due
to excessive precipitation of AIN caused by reaction with Al. Meanwhile, in order to control N to an extremely small
amount, refining costs sharply increase.

[0049] Accordingly, in an embodiment in the present disclosure, the content of N may be limited to 0.0010 to
0.0100%.
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Chromium (Cr): 0.020 to 0.300%

[0050] Chromium (Cr) is an element that delays formation of ferrite and promotes formation of hard phases during a
cooling process in a steel manufacturing process.

[0051] In an embodiment in the present disclosure, when a content of Cr is less than 0.020%, hard phases are not
sufficiently formed, such that a target level of strength cannot be ensured. On the other hand, when the content thereof
exceeds 0.300%, a martensite phase is excessively formed in the structure of the steel, resulting in deterioration of
ductility.

[0052] Therefore, in an embodiment in the present disclosure, Cr may be contained in an amount of 0.020 to
0.300%. According to another embodiment in the present disclosure, Cr may be contained in an amount of 0.025% or
more or 0.030% or more. According to still another embodiment in the present disclosure, Cr may be 0.295% or less or
0.290% or less.

Nickel (Ni): 0.010 to 0.100%

[0053] Nickel (Ni), similarly to Cr, is an element that delays formation of ferrite and promotes formation of hard
phases during a cooling process in a steel manufacturing process.

[0054] In an embodiment in the present disclosure, when a content of Ni is less than 0.010%, hard phases are not
sufficiently formed, such that a target level of strength cannot be ensured. On the other hand, when the content thereof
exceeds 0.100%, a martensite phase is excessively formed in the structure of the steel, resulting in deterioration of
ductility.

[0055] Therefore, in an embodiment in the present disclosure, Ni may be contained in an amount of 0.010 to
0.100%. According to another embodiment in the present disclosure, Ni may be contained in an amount of 0.015% or
more or 0.020% or more. According to still another embodiment in the present disclosure, Ni may be 0.098% or less.

Copper (Cu): 0.010 to 0.400%

[0056] Copper (Cu) is an element useful for ensuring weather resistance of steel and preventing hydrogen embrit-
tlement.

[0057] In an embodiment in the present disclosure, when a content of Cu is less than 0.010%, the above-described
effects cannot be sufficiently obtained. On the other hand, when the content thereof exceeds 0.400%, a large number
of scab (dent) defects due to intergranular liquation may occur on a surface of a slab.

[0058] Therefore, in an embodiment in the present disclosure, Cu may be contained in an amount of 0.010 to
0.400%. According to another embodiment in the present disclosure, Cu may be contained in an amount of 0.012%
or more. According to still another embodiment in the present disclosure, Cu may be 0.380% or less.

[0059] In addition to the above-described alloy composition, the steel sheet according to an embodiment in the
present disclosure may further contain one or more selected from molybdenum (Mo), niobium (Nb), and antimony
(Sb), and/or 0.0030% or less of boron (B).

[0060] Molybdenum (Mo), niobium (Nb), and boron (B) are elements that improve hardenability of steel and con-
tribute to formation of hard phases in the structure of the steel. Antimony (Sb) is an element advantageous for
ensuring plating properties by forming a uniform enriched layer in the surface layer of the steel sheet.

[0061] In an embodiment in the present disclosure, when one or more of Mo, Nb, and Sb are added, if a content
thereof exceeds 1.0%, manufacturing costs sharply increase. In particular, in the case of Sb, plating adhesion may
instead deteriorate due to excessive surface enrichment.

[0062] In an embodiment in the present disclosure, when the content of B exceeds 0.003%, ductility of the steel may
deteriorate.

[0063] The remaining component of the steel sheet in the present disclosure is iron (Fe). However, in a typical
manufacturing process, unintended impurities may inevitably be introduced from raw materials or the surrounding
environment, and thus such impurities cannot be excluded. Since these impurities are readily understandable to those
skilled in the typical manufacturing process, details thereof are not specifically mentioned in the present specification.
[0064] In an embodiment in the present disclosure, in order to ensure uniform surface hardness of the steel sheet
and ensure ductility, contents of Cr and Ni, which are hardenability elements, may be limited in relation to Si. Specifi-
cally, Cr, Ni, and Si may satisfy the following Relational Expression 1.

[Relational Expression 1]

2.000 £ 17(Cr+Ni)/Si £ 4.000
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[0065] (In Relational Expression 1, Cr, Ni, and Si represent the weight contents of the respective elements.)

[0066] Si present in steel is an element that readily forms oxides on a surface of the steel. According to an embodi-
ment in the present disclosure, by increasing the contents of Cr and Ni relative to Si, enrichment amounts of Cr and Ni
on the surface of the steel may be increased, instead of forming oxides caused by Si.

[0067] In particular, according to an embodiment in the present disclosure, as described above, by optimizing the
relationship in the alloy composition and, at the same time, controlling manufacturing conditions of the steel sheet,
which will be described in detail below, enrichment values of Cr and Ni in a surface layer portion of the steel may be
ensured as follows.

[Relational Expression 2]
0.150 £ A(Cr+Ni) < 0.500
A(Cr+Ni) = [Cr(o.5 ym*Ni(o.5 ym] — [Cr(i/ae)+Ni (1/41)]

[0068] (In Relational Expression 2, Cr(0_5 wm) and Ni(o.s .m) represent the maximum enrichment values (wt%) of Cr
and Ni, respectively, in a surface layer region from a surface of the steel sheet to a depth of 500 nm in a thickness
direction, and Cr(1,4t) and Ni(1,4t) represent the weight average contents of Cr and Ni, respectively, at a t/4 point in the
thickness direction of the steel sheet (where t represents the thickness (mm) of the steel sheet).)

[0069] That is, in the steel sheet according to an embodiment in the present disclosure, Cr and Ni, which are each
added in a certain amount, may be mainly enriched on the surface side of the steel sheet rather than in the interior
thereof, more specifically, immediately below a scale layer formed on the surface of the steel sheet. By enriching these
hardenability elements on the surface side of the steel sheet (immediately below the scale layer), solid-solution
strengthening and transformation strengthening effects may be introduced on the surface side of the steel sheet. As a
result, an effect of preventing a decrease in hardness in the surface layer portion of the steel sheet may be obtained.
[0070] Accordingly, when the steel sheet according to an embodiment in the present disclosure is applied to struc-
tural members, reinforcing members, and the like of automobiles, there is an advantage in that resistance to contin-
uous impacts occurring in an actual use environment may be enhanced.

[0071] Meanwhile, it should be noted that, in Relational Expression 2, Cr and Ni measured at the t/4 point in the
thickness direction of the steel sheet represent the steel composition of the respective elements added to the steel
sheet, and the contents measured at the t/4 point are used as representative values thereof. In other words, Crq/4;
and Niy) in Relational Expression 2 represent the contents of Cr and Ni in the base steel sheet, respectively, and
values measured at the t/4 point in the thickness direction are set as representative values thereof.

[0072] The steel sheet according to an embodiment in the present disclosure may include ferrite as a main phase in
a microstructure, and may include one or more of bainite, martensite, and retained austenite as the remaining
structure. Here, the remaining structure is referred to as a second phase.

[0073] In an embodiment in the present disclosure, ferrite formed as a main phase may be included in an area
fraction of 90% or more. When the fraction of ferrite is less than 90%, ductility of the steel sheet may decrease.
[0074] Meanwhile, the steel sheet according to an embodiment in the present disclosure may ensure a target
strength by including a bainite (B) phase and a martensite (M) phase, which are hard phases, as the second phase.
As an example, the hard phases (B+M) may be included in an area fraction of 3% or more, and may not exceed 10%
at maximum.

[0075] In addition, a retained austenite phase may be included as the second phase, and the retained austenite
phase is a structure remaining after the above-described ferrite and hard phases are formed, and may be included in
an amount of 0%. However, the retained austenite phase does not exceed 2% at maximum.

[0076] Meanwhile, inclusion of an extremely small amount of a pearlite (P) phase as the second phase is not
excluded, and the second phase may be configured to include a retained austenite phase and pearlite in addition to
hard phases.

[0077] The steel sheet according to an embodiment in the present disclosure may have properties suitable as a
material for automobiles, particularly as a material for structural members, reinforcing members, and the like. As an
example, the steel sheet according to an embodiment in the present disclosure may have a tensile strength of 590
MPa or more.

[0078] In addition, the steel sheet according to an embodiment in the present disclosure may have uniform surface
hardness and an excellent hole expansion ratio.

[0079] As an example, the steel sheet may have a relationship between tensile strength (TS) and hole expansion
ratio (HER) satisfying the following Relational Expression 3, and may have a surface hardness (Vickers hardness) of
170 or more. Here, the surface hardness is based on a hardness value measured from the surface of the steel sheet to
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a depth of 2 um in the thickness direction.

[Relational Expression 3]
TSxHER 2 30,000 MPa%

[0080] The steel sheet according to an embodiment in the present disclosure refers to a cold-rolled steel sheet, but
may also include a plated steel sheet including a plating layer formed on at least one surface of the cold-rolled steel
sheet.

[0081] In this case, the plating layer may be a zinc-based plating layer containing zinc (Zn) as a main component,
and it should be noted that addition of Mg, Al, Si, and the like in addition to zinc is not excluded. That is, the plating
layer may be a pure zinc plating layer or may be an alloy plating layer.

[0082] Hereinafter, a method for manufacturing a steel sheet according to another aspect of the present disclosure
will be described in detail. It is noted that the manufacturing method described below corresponds to one example for
manufacturing a steel sheet according to an embodiment in the present disclosure, particularly a cold-rolled steel
sheet and a plated steel sheet using the cold-rolled steel sheet.

[0083] The steel sheet according to an embodiment in the present disclosure may be manufactured by subjecting a
prepared steel slab to processes of [heating - hot rolling - coiling - cold rolling - annealing - cooling], and each process
step will be described in detail below.

[Heating of steel slab]

[0084] First, a steel slab is prepared. In an embodiment in the present disclosure, the steel slab may be manufac-
tured using a converter method or an electric furnace method. Thereafter, the prepared steel slab may be heated. The
heating process of the steel slab is a process for smoothly performing a hot rolling process described below and
sufficiently obtaining target properties of the steel sheet.

[0085] As an example, the steel slab may have the same alloy composition and alloy component relational expres-
sion (Relational Expression 1) as the steel sheet according to an embodiment in the present disclosure, and the
descriptions of each alloying element and the component relational expression are as described above.

[0086] In an embodiment in the present disclosure, the steel slab may be heated in a temperature range of 1,000 to
1,350°C. When the heating temperature is lower than 1,000°C, a scale layer is not readily formed by selective
oxidation of Fe, such that Cr and Ni cannot be sufficiently enriched immediately below the scale layer. On the other
hand, when the temperature exceeds 1,350°C, scale is generated excessively.

[Hot rolling]

[0087] The heated steel slab may be hot-rolled to obtain a hot-rolled steel sheet.

[0088] In an embodiment in the present disclosure, the hot-rolled steel sheet may be manufactured by performing
finish hot rolling in a temperature range of 800 to 1,000°C during the hot rolling. In an embodiment in the present
disclosure, when the temperature during the finish hot rolling is lower than 800°C, a rolling load greatly increases. On
the other hand, when the temperature exceeds 1,000°C, thermal fatigue of rolling rolls greatly increases.

[Coiling]

[0089] The manufactured hot-rolled steel sheet may be coiled.

[0090] In an embodiment in the present disclosure, the coiling process may be performed in a temperature range of
400 to 650°C. When the coiling temperature is lower than 400°C, bainite and martensite are excessively formed in the
hot-rolled steel sheet, such that a rolling load increases during subsequent cold rolling. On the other hand, when the
temperature exceeds 650°C, scale may be excessively formed on a surface of the hot-rolled steel sheet, which inhibits
plating properties.

[Cold rolling]

[0091] The coiled hot-rolled steel sheet may be cold-rolled to manufacture a cold-rolled steel sheet. The cold rolling
is a process performed to control the shape and thickness of the steel sheet.

[0092] In an embodiment in the present disclosure, a reduction ratio during cold rolling is not particularly limited.
However, cold rolling may be performed at a reduction ratio of 30% or more in order to suppress formation of coarse
ferrite during recrystallization in subsequent annealing. In addition, an upper limit of the reduction ratio is also not
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particularly limited, and it is noted that those skilled in the art may appropriately select the upper limit depending on the
target thickness.

[0093] Meanwhile, before performing the cold rolling, the hot-rolled steel sheet may be pickled to remove an oxide
layer formed on the surface. In this case, the pickling may be performed under ordinary conditions, and the conditions
thereof are not particularly limited.

[Annealing and cooling]

[0094] The manufactured cold-rolled steel sheet may be annealed and then cooled.

[0095] In an embodiment in the present disclosure, the annealing may be performed by heating the cold-rolled steel
sheet to Ac1 or higher. When the temperature during the annealing is lower than Ac1, an austenite phase is not
sufficiently formed during the annealing, such that a final microstructure may not be formed as intended, strength
may deteriorate, and anisotropy of properties may become severe.

[0096] In an embodiment in the present disclosure, after the cold-rolled steel sheet is heated, the cold-rolled steel
sheet may be held for a certain period of time. In this case, the holding process may be performed for 10 seconds or
longer in order to induce sufficient recrystallization.

[0097] After the annealing and holding process is performed, the cold-rolled steel sheet may be cooled. In an
embodiment in the present disclosure, the cooling may be performed to a temperature range of 450 to 650°C at a
cooling rate of 35°C/s or less (excluding 0°C/s).

[0098] When the cooling rate during the cooling exceeds 35°C/s, non-uniformity in ferrite transformation behavior
increases, such that shape defects such as a wave phenomenon may occur in the steel sheet, and strip breakage due
to strip deviation may occur. In addition, when a cooling end temperature during the cooling is lower than 450°C,
bainite and martensite phases are excessively formed, such that the hole expansion ratio of the steel sheet may
decrease. On the other hand, when the temperature exceeds 650°C, pearlite is excessively formed, such that the hole
expansion ratio of the steel sheet may also decrease. Meanwhile, a lower limit of the cooling rate during the cooling is
not particularly limited, but the cooling may be performed at 3°C/s or more from the viewpoint of ensuring an intended
microstructure, properties, and the like.

[0099] Meanwhile, when the annealing and cooling are performed as described above, a conveying speed of the
steel sheet, that is, a line speed (mpm), may be 80 to 200 mpm. As an example, the annealing of the cold-rolled steel
sheet obtained by cold rolling may be performed by charging the cold-rolled steel sheet into an annealing furnace. At
this time, when the time during which the cold-rolled steel sheet passes through the furnace becomes excessive,
oxides may be excessively formed on a surface of the steel sheet during annealing, and in consideration thereof, the
line speed may be set to 80 mpm or more. However, when the speed exceeds 200 mpm, recrystallization may not
sufficiently occur during annealing. In another embodiment in the present disclosure, the line speed of the steel sheet
during annealing may be 100 mpm or more, and may also be 180 mpm or less.

[0100] According to an embodiment in the present disclosure, by controlling the alloy composition system and
manufacturing conditions, a steel sheet (cold-rolled steel sheet) having soft ferrite and a predetermined fraction of
hard phases may be obtained. In particular, by increasing enrichment amounts of Cr and Ni on the surface side of the
steel sheet, uniform surface hardness may be ensured, and an excellent hole expansion ratio may be achieved.
[0101] In an embodiment in the present disclosure, the cold-rolled steel sheet may be plated to obtain a plated steel
sheet, and, as an example, hot-dip galvanizing may be performed on the cold-rolled steel sheet.

[Hot-dip galvanizing]

[0102] The cold-rolled steel sheet according to an embodiment in the present disclosure may be immersed in a hot-
dip zinc-based plating bath to manufacture a hot-dip zinc-based plated steel sheet.

[0103] In an embodiment in the present disclosure, the hot-dip galvanizing process may be performed under ordin-
ary conditions, and as an example, may be performed in a temperature range of 440 to 480°C. In addition, the
composition of the hot-dip zinc-based plating bath during the hot-dip galvanizing is not particularly limited, and may
be a pure zinc plating bath or a zinc-based alloy plating bath containing Si, Al, Mg, and the like.

[Alloying heat treatment]

[0104] In addition, if necessary, an alloyed hot-dip zinc-based plated steel sheet may be obtained by subjecting the
hot-dip zinc-based plated steel sheet manufactured by hot-dip galvanizing according to an embodiment in the present
disclosure to alloying heat treatment.

[0105] In an embodiment in the present disclosure, conditions of the alloying heat treatment process are not
particularly limited, and may be ordinary conditions. As an example, the alloying heat treatment process may be
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performed in a temperature range of 480 to 600°C.
Mode for Invention

[0106] Hereinafter, the present disclosure will be described in more detail with reference to Examples. However, it
should be noted that the following Examples are intended only to illustrate the present disclosure in more detail and
are not intended to limit the scope of the present disclosure. This is because the scope of the present disclosure is
determined by the matters recited in the claims and matters reasonably inferred therefrom.

(Examples)

[0107] After steel slabs having the alloy compositions shown in Table 1 were prepared, each steel slab was heated
in a temperature range of 1,000 to 1,350°C. Thereafter, cold-rolled steel sheets were manufactured through a series of
processes under the conditions shown in Table 2.

[0108] The microstructure and mechanical properties of each manufactured cold-rolled steel sheet were measured.
The results are shown in Table 3.

[0109] First, Cr and Ni enrichment values from a surface of each cold-rolled steel sheet to a depth of 1 um in a
thickness direction were measured using a glow discharge analysis technique (GDS, Glow Discharge Spectrometer),
and, among the resulting values, a (Cr+Ni) content at a point 500 nm deep from the surface was derived. In addition, a
(Cr+Ni) content at a t/4 point in the thickness direction of each cold-rolled steel sheet (where t represents the thickness
(mm) of the cold-rolled steel sheet) was determined by measuring the (Cr+Ni) content at 50 locations at the corre-
sponding point using an SEM-EDS technique and then deriving an average value. From these values, a A(Cr+Ni)
value was calculated. The results are shown in Table 3.

[0110] The type and fraction of the microstructure of each cold-rolled steel sheet were measured by etching the steel
sheet using a Nital etching method and then observing the etched steel sheet at a magnification of 1,000 to 5,000
using a scanning electron microscope (SEM) and an image analyzer.

[0111] Among the mechanical properties of each cold-rolled steel sheet, tensile strength (TS) and elongation at
fracture (El) were measured after ASTM standard specimens were taken in a direction parallel to a rolling direction. In
addition, hardness was measured at the surface using a Micro-Vickers tester. At this time, a load of 500 g was applied,
and in a state in which an analysis area was set to 20 mm X 10 mm (width X length), a total of 50 locations were
measured at intervals of 2 mm, and the hardness was represented as the minimum hardness value.

[0112] In addition, the hole expansion ratio (HER) of each cold-rolled steel sheet was measured in accordance with
the JSF T1001-1996 standard using a 90 mm X 120 mm (width X length) specimen.

[Table 1]
Classification Alloy composition system (wt%)
C Si Mn Sol Al P S N Cr Ni Cu Relational

Expression
1

Inventive 0.085 | 0.370 | 1.750 | 0.03 | 0.011 | 0.002 | 0.0026 | 0.039 | 0.025 | 0.060 2.941
Steel 1

Inventive 0.086 | 0.381 | 1.731 0.03 | 0.011 | 0.006 | 0.0034 | 0.031 | 0.025 | 0.080 2.499
Steel 2

Inventive 0.071 | 0.920 | 2.300 | 0.05 | 0.010 | 0.006 | 0.0030 | 0.052 | 0.082 | 0.370 2.476
Steel 3

Inventive 0.071 | 0.920 | 2.300 | 0.06 | 0.010 | 0.006 | 0.0030 | 0.112 | 0.033 | 0.220 2.679
Steel 4

Inventive 0.071 | 0.920 | 2.300 | 0.05 | 0.010 | 0.006 | 0.0030 | 0.112 | 0.097 | 0.115 3.862
Steel 5

Comparative | 0.085 | 0.360 | 1.710 | 0.06 | 0.012 | 0.007 | 0.0034 | 0.172 | 0.131 | 0.085 14.308
Steel 1

Comparative | 0.087 | 0.350 | 1.710 | 0.03 | 0.010 | 0.011 | 0.0031 | 0.001 | 0.002 | 0.283 0.146
Steel 2
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(continued)

Classification

Alloy composition system (wt%)

C Si Mn Sol.Al P S N Cr Ni Cu Relational
Expression
1
Comparative | 0.086 | 0.381 | 1.731 0.04 | 0.011 | 0.006 | 0.0034 | 0.041 | 0.023 | 0.085 2.856
Steel 3
Comparative | 0.086 | 0.381 | 1.731 0.06 | 0.011 | 0.006 | 0.0034 | 0.041 | 0.025 | 0.110 2.945
Steel 4

In Table 1, Comparative Steel 3 and Comparative Steel 4 are classified as Comparative Steels because the manu-

facturing conditions shown in Table 2 fall outside the scope of an embodiment in the present disclosure.
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[Table 3]
Classification Relational Microstructure (area Mechanical properties
Expression fraction)
2 F Second TS El | HER | TSXHER | Surface
phase (MPa) (%) (%) (MPa%) hardness
(B+M+RA)
Inventive Steel 1 0.206 95 5 653 26 59 38527 189
Inventive Steel 2 0.192 94 6 618 28 66 40788 172
Inventive Steel 3 0.206 94 6 785 21 51 40035 223
Inventive Steel 4 0.327 96 4 779 21 55 42845 232
Inventive Steel 5 0.362 93 7 793 20 40 31720 236
Comparative Steel 1 0.749 85 15 722 17 35 25270 21
Comparative Steel 2 0.037 95 5 599 30 70 41930 147
Comparative Steel 3 0.264 70 30 734 18 31 22754 194
Comparative Steel 4 0.242 85 15 668 19 27 18036 159
F represents ferrite, B represents bainite, M represents martensite, and RA represents a retained austenite phase.
With respect to the remaining structure (second phase) other than F in the microstructure, inclusion of a small
amount of a pearlite (P) phase is not excluded, and therefore the fraction of (B+M+RA) representing the remaining
structure is a fraction that includes the P phase.

[0113] As shown in Tables 1 to 3, in Inventive Steels 1 to 5, which satisfied the alloy composition system and
manufacturing conditions according to an embodiment in the present disclosure, the microstructure was mainly formed
of ferrite, and hard phases were appropriately formed. As a result, an excellent hole expansion ratio was achieved
while high strength was obtained. In addition, by controlling enrichment behavior of Cr and Ni on the surface of the
steel sheet, an excellent surface hardness value of 170 or more was obtained.

[0114] On the other hand, in Comparative Steels 1 to 4, which did not satisfy at least one of the alloy composition
system and manufacturing conditions according to an embodiment in the present disclosure, intended properties could
not be obtained.

[0115] Among them, in Comparative Steel 1, the enrichment amounts of Cr and Ni in the surface layer were
excessive, and thus Relational Expression 2 was not satisfied. As a result, a ferrite phase was not sufficiently formed,
and a remaining structure was excessively formed, such that the hole expansion ratio was poor. In Comparative Steel
2, the enrichment amounts of Cr and Ni in the surface layer were insufficient, such that the surface hardness was
significantly low. Comparative Steels 3 and 4 are cases in which the annealing conditions among the manufacturing
conditions were not satisfied. In Comparative Steel 3, the end temperature in the rapid cooling zone was controlled to
be too low, such that the fraction of hard phases was excessive and the hole expansion ratio was poor. In Comparative
Steel 4, the end temperature in the rapid cooling zone was controlled to be excessively high, such that the fraction of
pearlite in the structure became excessive, the hole expansion ratio was poor, and the surface hardness was also low.
[0116] FIG. 1 shows GDS profile measurement results of Inventive Steel 1 and Comparative Steels 1 and 2.

[0117] That is, as a result of measuring the (Cr+Ni) content in the thickness direction from the surface of the steel
sheet, it was confirmed that, based on around a depth of 0.1 wm in the thickness direction, the (Cr+Ni) content was
excessively high in Comparative Steel 1 and was significantly low in Comparative Steel 2, whereas Cr and Ni were
present at appropriate levels in Inventive Steel 5.

Claims

1. A steel sheet comprising, by wt%, 0.050 to 0.150% of carbon (C), 0.010 to 1.000% of silicon (Si), 1.000 to 3.000%
of manganese (Mn), 0.01 to 0.10% of aluminum (Sol.Al), 0.001 to 0.050% of phosphorus (P), 0.001 to 0.020% of
sulfur (S), 0.0010 to 0.0100% of nitrogen (N), 0.020 to 0.300% of chromium (Cr), 0.010 to 0.100% of nickel (Ni),

0.010 to 0.400% of copper (Cu), and the balance of Fe and other inevitable impurities,

wherein Si, Cr, and Ni satisfy the following Relational Expression 1, and
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a relationship between the contents of Cr and Ni and the enrichment values of Cr and Ni in a surface layer
portion satisfies the following Relational Expression 2:

[Relational Expression 1]

2.000 < 17(Cr+Ni)/Si £ 4.000

where Cr, Ni, and Si represent the weight contents of the respective elements,
[Relational Expression 2]
0.150 £ A(Cr+Ni) < 0.500
A(Cr+Ni) = [Cr(o.5 um+Ni(o.5 ym] — [Cr(1/ae)+N1i(1/4t)]

where Cr(g 5 ,m) and Nig 5 ,m) represent the maximum enrichment values (wt%) of Cr and Ni, respectively, in
a surface layer region from a surface of the steel sheet to a depth of 500 nm in a thickness direction, and
Cr1/ay and Nigqy represent the weight average contents of Cr and Ni, respectively, at a t/4 point in the
thickness direction of the steel sheet, where t is the thickness (mm) of the steel sheet.

The steel sheet of claim 1, further comprising one or more selected from molybdenum (Mo), niobium (Nb), and
antimony (Sb) in a total content of 1.0% or less.

The steel sheet of claim 1, further comprising 0.0030% or less of boron (B).

The steel sheet of claim 1, wherein the steel sheet includes, as a microstructure, ferrite having an area fraction of
90% or more, and, as the balance, one or more of bainite, martensite, and retained austenite.

The steel sheet of claim 1, wherein the steel sheet has a tensile strength (TS) of 590 MPa or more, and
a relationship between the tensile strength (TS) and a hole expansion ratio (HER) satisfies the following Relational
Expression 3:

[Relational Expression 3]
TSxHER 2 30,000 MPa%.

The steel sheet of claim 1, wherein the steel sheet has a surface hardness (Vickers hardness) of 170 or more
(where the surface hardness refers to a hardness value measured from the surface of the steel sheet to a depth of
2 pm in the thickness direction).

The steel sheet of any one of claims 1 to 6, wherein the steel sheet includes a zinc-based plating layer formed on
at least one surface.

A method for manufacturing a steel sheet, the method comprising:

preparing a steel slab containing, by wt%, 0.050 to 0.150% of carbon (C), 0.010 to 1.000% of silicon (Si),
1.000 to 3.000% of manganese (Mn), 0.01 to 0.10% of aluminum (Sol.Al), 0.001 to 0.050% of phosphorus (P),
0.001 to 0.020% of sulfur (S), 0.0010 to 0.0100% of nitrogen (N), 0.020 to 0.300% of chromium (Cr), 0.010 to
0.100% of nickel (Ni), 0.010 to 0.400% of copper (Cu), and the balance of Fe and other inevitable impurities,
Si, Cr, and Ni satisfying the following Relational Expression 1;

heating the steel slab in a temperature range of 1,000 to 1,350°C;

obtaining a hot-rolled steel sheet by finish hot rolling the heated steel slab in a temperature range of 800 to
1,000°C;

coiling the hot-rolled steel sheet in a temperature range of 400 to 650°C;

obtaining a cold-rolled steel sheet by cold rolling the coiled hot-rolled steel sheet at a reduction ratio of 30% or
more;
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annealing the cold-rolled steel sheet by heating the cold-rolled steel sheet to a temperature of Ac1 or higher
and holding the cold-rolled steel sheet at the temperature; and

cooling the annealed cold-rolled steel sheet to a temperature range of 450 to 650°C at a cooling rate of
35°C/s or less,

[Relational Expression 1]
2.000 £ 17(Cr+Ni)/si £ 4.000
in Relational Expression 1, Cr, Ni, and Si represent the weight contents of the respective elements.

9. The method of claim 8, wherein, in the steel sheet, a relationship between the contents of Cr and Ni and the
enrichment values of Cr and Ni in a surface layer portion satisfies the following Relational Expression 2:

[Relational Expression 2]
0.150 £ A(Cr+Ni) £ 0.500
A(Cr+Ni) = [Cr(o.5 ymy+tNi(o.5 ymy] — [Cr(1/at)+Ni(1/4t)]

in Relational Expression 2, Crq 5 ,m) and Ni( 5 ,m) represent the maximum enrichment values (wt%) of Cr and Ni,
respectively, in a surface layer region from a surface of the steel sheet to a depth of 500 nm in a thickness
direction, and Cr(1,4t) and Ni(1,4t) represent the weight average contents of Cr and Ni, respectively, at a t/4 point in
the thickness direction of the steel sheet (where t represents the thickness (mm) of the steel sheet).

10. The method of claim 8, further comprising obtaining a hot-dip galvanized steel sheet by subjecting the cooled
cold-rolled steel sheet to hot-dip galvanizing in a temperature range of 440 to 480°C.

11. The method of claim 10, further comprising subjecting the hot-dip galvanized steel sheet to alloying heat treat-
ment.

12. The method of claim 8, wherein the steel slab further contains one or more selected from molybdenum (Mo),
niobium (Nb), and antimony (Sb) in a total content of 1.0% or less.

13. The method of claim 8, wherein the steel slab further contains 0.0030% or less of boron (B).
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[FIG. 1]
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