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(57)  Acold rolled steel sheet having excellent bake-
hardenability and room-temperature anti-aging property,
according to one aspect of the present invention, com-
prises, by wt%, 0.002-0.015%, of C, 1.5-3.0% of Mn,
0.03% or less of P, 0.01% or less of S, 0.01% or less of
N, 0.02-0.06% of sol. Al, 1.2% or less of Cr (excluding
0%), and the balance of Fe and inevitable impurities,
comprises, as a microstructure, ferrite, which is a matrix
structure, and the balance of hard tissue, and has a hard
tissue occupancy ratio (V) that can be 70% or more in
grain boundary triple points defined by the following re-
lation 1. [Relation 1] V(%) = {Vtp / (Vgb + Vtp)} X 100 In
relation 1, Vgb means the number of hard tissues ob-
served in ferrite grain boundaries within an observation
region, and Vtp means the number of hard tissues ob-
served in ferrite grain boundary triple points within the
observation region.
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Description
[Technical Field]

[0001] The presentdisclosure relates to a steel sheet having properties particularly suitable as a material of automotive
external panels because bake hardenability and room-temperature aging resistance are excellent, and a method of
manufacturing the steel sheet.

[Background Art]

[0002] The materials of automotive external panels are required to have bake hardenability and aging resistance at
a predetermined level. Bake hardening is a phenomenon in which solute carbon and nitrogen activated in a baked finish
adhere to dislocations formed in the process of machining the steel sheet, thereby increasing the yield strength of a
steel sheet. Since a steel sheet having excellent bake hardenability has a characteristic that forming of the steel sheet
is easy before bake finish and dent resistance of the resultant product is improved, such a steel sheet is evaluated as
an ideal material as a material of automotive external panels.

[0003] However, there is a tendency that when the bake hardenability of a steel sheet increases, the aging resistance
of the steel sheet is deteriorated on the contrary, so even if bake hardenability of a steel sheet is secured, aging occurs
over a predetermined time, whereby the possibility of a surface defect, etc. in part machining may increase. Accordingly,
materials of automotive external panels are required to secure bake hardenability over an appropriate level and also to
have aging resistance over an appropriate level.

[0004] Patent Document 1 proposes a technique thatimproves bake hardenability by adding Sn, but does not propose
a fundamental solution to the problem of deterioration of aging resistance due to an increase of bake hardenability.
[0005] Accordingly, it is required to supply a steel sheet having properties particularly suitable as a material of auto-
motive external panels by having both bake hardenability and room-temperature aging resistance over an appropriate
level.

[Related Art Document]

[Patent Document]

[0006] (Patent Document 1) Japanese Patent Laid-Open Publication No. 1994-306531 (published 1994.11.01)
[Disclosure]

[Technical Problem]

[0007] According to an aspect of the present disclosure, a cold-rolled steel sheet and a plated steel sheet having
excellent bake hardenability and room-temperature aging resistance, and a method of manufacturing the cold-rolled
steel sheet and the plated steel sheet.

[0008] The objectives of the present disclosure are not limited to that described above. Those skilled in the art would
be able to understand additional objectives of the present disclosure from the contents of the entire specification without
difficulties.

[Technical Solution]

[0009] A cold-rolled steel sheet having excellent bake hardenability and room-temperature aging resistance according
to an aspect of the present disclosure includes, in percentage by weight, C: 0.002~0.015%, Mn: 1.5~3. 0%, P: 0.03%
or less, S: 0.01% or less, N: 0.01% or less, sol.Al: 0.02~0.06%, Cr: 1.2% or less (excluding 0%), and a balance of Fe
and unavoidable impurities, and includes ferrite, which is a matrix structure, and a balance of a hard structure as a
microstructure, in which a hard structure ratio V of a grain boundary triple point defined by the following Equation 1 may
be 70% or more.

[Equation 1]

V(%) = {Vtp / (Vgb + Vtp)} x 100
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[0010] In Equation 1, Vgb is the number of hard structures observed at a ferrite grain boundary in an observation
region and Vtp is the number of hard structures observed at a ferrite grain boundary triple point in the observation region.
[0011] A fraction of the ferrite may be 95% or more in area percentage, and the hard structure may include martensite.
[0012] In the cold-rolled steel sheet, Hel defined by the following Equation 2 may satisfy a range of 1.2~2.5,

[Equation 2]
Hel = [C] + 0.5*[Mn] + 0.75*[Cr]

[0013] In Equation 2, [ C], [Mn], and [Cr] are contents (percentages by weight) of C, Mn, and Cr, respectively.
[0014] The cold-rolled steel sheet may further include silicon (Si) of 0.1% or less (0% included) in percentage by weight.
[0015] In the cold-rolled steel sheet, a bake hardening amount may be 30MPa or more (BH, tension test after heat
treatmentat 170°C for 20 minutes) and yield point elongation may be 0.2% or less (YP-EI, tension test after heat treatment
at 100°C for 1 hour).

[0016] A plated steel sheet having excellent bake hardenability and room-temperature aging resistance according to
an aspect of the present disclosure may include: the cold-rolled steel sheet; and a plating layer or an alloying-plating
layer on at least a side of the cold-rolled steel.

[0017] A method of manufacturing a cold-rolled steel sheet having excellent bake hardenability and room-temperature
aging resistance according to an aspect of the present disclosure includes: heating a slab including, in percentage by
weight, C: 0.002~0.015%, Mn: 1.5~3.0%, P: 0.03% or less, S: 0.01% or less, N: 0.01% or less, sol.Al: 0.02~0.06%, Cr:
1.2% or less (excluding 0%), and a balance of Fe and unavoidable impurities; providing a hot-rolled steel sheet by hot-
rolling the slab; coiling the hot-rolled steel sheet; providing a cold-rolled steel sheet by cold-rolling the hot-rolled steel
sheet; and continuously annealing the cold-rolled steel sheet, in which the continuous annealing increases temperature
up to a range of (Ac1+5°C)~(Ac3-20°C) at a temperature increasing speed of 1~10°C/s and then maintains the temper-
ature for 30~240 seconds.

[0018] The slab may be configured such that Hel defined by the following Equation 2 satisfies a range of 1.25~2.42.

[Equation 2]
Hel = [C] + 0.5*[Mn] + 0.75*[Cr]

[0019] The slab may further include silicon (Si) of 0.1% or less (0% included) in percentage by weight.

[0020] In Equation 2, [C], [Mn], and [Cr] are contents (percentages by weight) of C, Mn, and Cr, respectively.

[0021] Heating temperature of the slab may be 1100~1300°C, finish rolling temperature of the hot rolling may be 880°C
or more, the coiling temperature may be 400~700°C, and a reduction ratio of the cold rolling may be 50~90%.

[0022] A method of manufacturing a plated steel sheet having excellent bake hardenability and room-temperature
aging resistance according to an aspect of the present disclosure may further include: performing hot-dip galvanizing
by dipping the cold-rolled steel sheet manufactured by the method described above in a hot-dip galvanizing bath at
440~480°C; and selectively performing alloying by maintaining at a temperature range of 460~610°C for 20 seconds or
more after the hot-dip galvanizing.

[0023] The subject matters do not include all of characteristics of the present disclosure, and various characteristics
and corresponding advantages and effects of the present disclosure may be understood in more detail with reference
to the following detailed description.

[Advantageous Effects]

[0024] Accordingto apreferred aspectof the present disclosure, itis possible to provide a steel sheet thathas properties
particularly suitable for materials of automotive external panels because bake hardenability and room-temperature aging
resistance are excellent, and a method of manufacturing the steel sheet.

[BRIEF DESCRIPTION OF THE DRAWINGS]

[0025] FIG. 1 is a picture showing the microstructure of a specimen 1-1.
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[Best Mode]

[0026] The present disclosure relates to a cold-rolled steel sheet and a plated steel sheet having excellent bake
hardenability and room-temperature aging resistance, and a method of manufacturing the cold-rolled steel sheet and
the plated steel sheet, and preferred embodiments of the present disclosure are described hereafter. Embodiments of
the present disclosure may be modified in various ways and the scope of the present disclosure should not be construed
as being limited to the embodiments to be described below. The embodiments are provided to describe the present
disclosure in detail to those skilled in the art.

[0027] Hereafter, a cold-rolled steel sheet and a plated steel sheet having excellent bake hardenability and room-
temperature aging resistance according to an aspect of the present disclosure are described in more detail hereafter.
[0028] A cold-rolled steel sheet having excellent bake hardenability and room-temperature aging resistance according
to an aspect of the present disclosure includes, in percentage by weight, C: 0.002~0.015%, Mn: 1.5~3.0%, P: 0.03% or
less, S: 0.01% or less, N: 0.01% or less, sol.Al: 0.02~0.06%, Cr: 1.2% or less (excluding 0%), and a balance of Fe and
unavoidable impurities, and includes ferrite, which is a matrix structure, and a balance of a hard structure as a micro-
structure, in which a hard structure ratio V of a grain boundary triple point defined by the following Equation 1 may be
70% or more.

[Equation 1]
V(%) = {Vtp / (Vgb + Vtp)} x 100

[0029] In Equation 1, Vgb is the number of hard structures observed at a ferrite grain boundary in an observation
region and Vip is the number of hard structures observed at a ferrite grain boundary triple point in the observation region.
[0030] Hereafter, the alloy composition of the present disclosure is described in more detail. Hereafter, unless specif-
ically stated, % and ppm related to the content of an alloy composition is based on weight.

[0031] A cold-rolled steel sheet having excellent bake hardenability and room-temperature aging resistance according
to an aspect of the present disclosure may include, in percentage by weight, C: 0.002~0.015%, Mn: 1.5~3.0%, P: 0.03%
or less, S: 0.01% or less, N: 0.01% or less, sol.Al: 0.02~0.06%, Cr: 1.2% or less (excluding 0%), and a balance of Fe
and unavoidable impurities.

Carbon (C): 0.002~0.015%

[0032] Carbon (C), which is a constituent that effectively contributes to forming martensite, should be added over a
predetermined level to manufacture complex phase steel intended by the present disclosure. Accordingly, the lower limit
of the content of carbon (C) may be limited at 0.02% to secure bake hardenability and room-temperature aging resistance
for implementing complex phase steel in the present disclosure. A preferred lower limit of the content of carbon (C) may
be 0.003%, and a more preferable lower limit of the content of carbon (C) may be 0.004%. However, when carbon (C)
is excessively added, it is advantageous in terms of forming complex phase steel, but the strength of the material
increases and the elongation decreases, so there is a problem that the possibility of a rugged defect that is generated
on the surface of a product when parts are machined by customers. Accordingly, the present disclosure may limit the
upper limit of the content of carbon (C) at 0.015%. A preferred upper limit of the content of carbon (C) may be 0.013%,
and a more preferable upper limit of the content of carbon (C) may be 0.01%.

Manganese (Mn): 1.5~3.0%

[0033] Manganese (Mn)is a constituent that not only contributes to improving hardenability, but effectively contributes
to forming martensite like carbon (C) . Accordingly, the lower limit of the content of manganese (Mn) may be limited at
1.5% to secure bake hardenability and room-temperature aging resistance for implementing complex phase steel in the
present disclosure. A preferred lower limit of the content of manganese (Mn) may be 1.6%, and a more preferable lower
limit of the content of manganese (Mn) may be 1.8%. However, when manganese (Mn) is excessively added, elongation
decreases, so machinability is deteriorated and manganese (Mn) oxides are formed in a band shape in a structure.
Accordingly, there is a problem that the possibility of cracks and coil break increases. Further, when manganese (Mn)
is excessively added, there is a problem that manganese (Mn) oxides are extracted on the surface of a steel sheet in
annealing, so plating ability is greatly decreased. Accordingly, the present disclosure may limit the upper limit of the
content of manganese (Mn) at 3.0%. A preferred upper limit of the content of manganese (Mn) may be 2.6%, and a
more preferable upper limit of the content of manganese (Mn) may be 2.3%.
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Phosphorous: 0.03% or less

[0034] Phosphorous (P)in steelis an element that does not greatly decrease formability and is the most advantageous
in security of strength. However, when phosphorous (P) is excessively added, the possibility of brittle fracture increases,
which not only may cause coil break of a slab during hot rolling, but may remarkably deteriorate the surface characteristic
of a plated steel sheet. Accordingly, the present disclosure may limit the upper limit of the content of phosphorous (P)
at 0.03%. However, 0% may be excluded from the lower limit of the content of phosphorous (P) in consideration of the
unavoidably included level.

Sulfur (S): 0.01% or less

[0035] Sulfur (S)is an impurity element that is unavoidably included in steel and it is preferable to manage the content
as low as possible. In particular, sulfur (S) in steel may cause hot shortness, so the present disclosure may limit the
upper limit of the content of sulfur (S) at 0.01%. However, 0% may be excluded from the lower limit of the content of
sulfur (S) in consideration of the unavoidably included level.

Nitrogen (N); 0.01% or less

[0036] Nitrogen (N) is also an impurity element that is unavoidably included in steel. Accordingly, it is preferable to
manage the content as low as possible, but the present disclosure may limit the upper limit of the content of nitrogen
(N) at 0.01% in consideration of steelmaking load and work conditions. However, 0% may be excluded from the lower
limit of the content of nitrogen (N) in consideration of the unavoidably included level.

Soluble aluminum (sol.Al): 0.02~0.06%

[0037] Aluminum (Al) is a constituent that is added to grain refinement and decarburization of steel. The present
disclosure may limit the lower limit of the content of soluble aluminum (sol.Al) at 0.02% to manufacture Al-killed steel in
a stable state. A preferable lower limit of soluble aluminum (sol.Al) may be 0.025%. However, when aluminum (Al) is
excessively added, strength is increased by grain refinement, but inclusions are excessive formed in steelmaking and
continuous casting, so not only the surface quality of steel may be deteriorated, but the manufacturing cost may be
increased. Accordingly, the present disclosure may limit the upper limit of the content of soluble aluminum (sol.Al) at
0.06% and a more preferable upper limit of the content of soluble aluminum (sol.Al) may be 0.07%.

Chrome (Cr): 1.2% or less (excluding 0%)

[0038] Since chrome (Cr) has similar characteristics to manganese (Mn) described above, it is a constituent that not
only improves hardenability of steel, but effectively contributes to forming martensite. When chrome (Cr) is added in
steel, coarse chrome (Cr)-based carbides such as Cr,3Cg are produced in hot rolling, so yield point elongation (YP-EI)
is suppressed by controlling the amount of solute carbon (C) at a predetermined level or less in steel, whereby it is
possible to provide complex phase steel having a low yield ratio. Chrome (Cr) is also an element that effectively contributes
securing elongation of complex phase steel by minimizing a drop of elongation with respect to an increase of strength.
Accordingly, the present disclosure may necessarily add chrome (Cr) to achieve this effect. However, when chrome (Cr)
is excessively added, the generation ratio of martensite is excessively increased, so not only elongation is deteriorated,
but corrosion resistance may be deteriorated. Accordingly, the present disclosure may limit the upper limit of the content
of chrome (Cr) at 1.2% and a more preferable upper limit of the content of chrome (Cr) may be 0.95%.

[0039] The cold-rolled steel sheet having excellent bake hardenability and room-temperature aging resistance accord-
ing to an embodiment of the present disclosure may further include silicon (Si) of 0.1% or less in percentage by weight.

Silicon (Si): 0.1% or less

[0040] Silicon (Si) is a constituent that contributes to increasing strength of steel through solid solution strengthening,
but silicon is not intentionally added in the present disclosure. According to the present disclosure, it is possible to secure
desired properties even without adding silicon (Si). When the content of silicon (Si) exceeds a predetermined level, there
is a problem the surface characteristic of a resultant plating material is deteriorated by Si oxides produced from a hot-
rolling step, so the present disclosure may limit the upper limit of the content of silicon (Si) at 0.1%. A preferable upper
limit of the content of silicon (Si) may be 0.08%. However, 0% may be excluded from the lower limit of the content of
silicon (Si) in consideration of the unavoidable inflow level.

[0041] The cold-rolled steel sheet having excellent bake hardenability and room-temperature aging resistance accord-
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ing to an aspect of the present disclosure may include the balance of Fe and other unavoidable impurities other than
the constituents described above. However, since unintended impurities may be unavoidably mixed from a raw material
or a surrounding environment in a common manufacturing process, it cannot be completely excluded. Since anyone of
those skilled in the art can know such impurities, all impurities are not specifically stated in the specification. Further,
addition of effective constituents other than the composition described above is not excluded.

[0042] In the cold-rolled steel sheet having excellent bake hardenability and room-temperature aging resistance ac-
cording to an aspect of the present disclosure, Hel defined by the following Equation 2 can satisfy the range of 1.2~2.5.

[Equation 2]

Hel = [C] + 0.5*[Mn] + 0.75*[Cr]

[0043] In Equation 2, [ C], [Mn], and [Cr] are the contents (percentages by weight) of C, Mn, and Cr, respectively.
[0044] Since the content of carbon (C) is limited within the range of 0.002~0.015% in the present disclosure, it is
necessary to add Mn and Cr that are elements improving hardenability in order to achieve the intended complex phase
and Equation 2 defines the optimal contents of Mn and Cr that are elements improving hardenability. The present
disclosure may limit the lower limit of Hel defined by Equation 2 at 1.2 to form an intended complex phase. When the
Hel value is less than 1.2 in Equation 2, martensite is not formed even by rapid cooling after annealing due to lower
hardenability, so an intended complex phase cannot be formed. A preferable lower limit of the Hel value may be 1.25
and a more preferable lower limit of the Hel value may be 1.5. However, when the Hel value exceeds a predetermined
level, a complex phase can be formed, but yield strength and tensile strength are increased and elongation is decreased
by addition of a large amount of alloy elements, so the present disclosure may limit the upper limit of the Hel value at
2.5. A preferable upper limit of the Hel value may be 2.42 and a more preferable upper limit of the Hel value may be 2.0.
[0045] The cold-rolled steel sheet having excellent bake hardenability and room-temperature aging resistance accord-
ing to an aspect of the present disclosure may have a complex phase in which ferrite is a matrix structure and a balance
structure that is a hard structure. Since the lower the fraction of ferrite, the more the fraction of a hard phase relatively
increases, it is slightly advantageous in terms of implementing a complex phase, but yield strength and a yield ratio are
necessarily increased, so there is a problem that the possibility of a rugged defect of a surface increases in part machining.
Accordingly, the present disclosure may limit the fraction of ferrite at 95 area percentage on the basis of the thickness
t of the entire steel sheet.

[0046] The hard structure included as the balance structure may be martensite, and may partially include bainite and
pearlite. However, it is preferable to decrease the production amount of bainite and pearlite as small as possible. In the
present disclosure, the martentise may be fine martensite of which the average diameter is 1um or less. Since the more
the martensite is fine, the more the sites (mobile dislocations) to which solute carbon (C) and nitrogen (N) adhere are
formed, it is possible to more effectively secure bake hardenability and room-temperature aging resistance intended in
the present disclosure. However, when a large amount of martensite is formed, there is a possibility that elongation
decreases and a rugged defect of surface is generated in part machining, so it is preferable to limit the fraction of
martensite at a predetermined level or less. Accordingly, the fraction of martensite may be 2 percentage by area or less
(excluding 0%) in the present disclosure.

[0047] In the cold-rolled steel sheet having excellent bake hardenability and room-temperature aging resistance ac-
cording to an aspect of the present disclosure, hard structure ratio V of a grain boundary triple point defined by the
following Equation 1 may be 70% or more.

[Equation 1]
V(%) = {Vtp / (Vgb + Vtp)} x 100

[0048] In Equation 1, Vgb is the number of hard structures observed at a ferrite grain boundary in an observation
region and Vtp is the number of hard structures observed at a ferrite grain boundary triple point in the observation region.
[0049] Forexample, when a microstructure is observed using an optical or electron microscope, an observation region
of 10,000.m2is defined and the microstructure in the observation region is observed, in which the number of all martensite
observed at a ferrite grain boundary in the observation region is defined as Vgb, the number of martensite observed at
a ferrite grain boundary triple point in the same observation region is defined as Vip, and the hard structure ratio V of a
grain boundary triple point can be calculated.

[0050] The number Vgb of all martensite is the total number of martensite that can be observed at all ferrite in the
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observation region using a microscope and the number Vip of martensite at the grain boundary triple point may be the
number of martensite that occupy even a portion of a region set within a diameter of 50nm around a point at which three
or more ferrite grain boundarys meet in the observation region.

[0051] The inventor(s) of the present disclosure performed a deep study of securing both bake hardenability and room-
temperature aging resistance of a steel sheet and, as a result, could find out that not only the fraction of all martensite ,
but distribution of martensite have great influence on bake hardenability. That is, the inventor(s) of the present disclosure
could find out that it is possible to control the frequency of interaction between mobile dislocations and solute carbon C
around martensite by controlling distribution of the martensite , and derived the present disclosure by the observation
that distribution of martensite is controlled under optimal conditions to secure both bake hardenability and room-tem-
perature aging resistance.

[0052] Martensite is formed during cooling of a steel sheet and a large amount of mobile dislocations are formed
around the martensite due to expansion. Increasing the fraction of martensite is one method of improving bake harden-
ability, but in this case, deterioration of room-temperature aging resistance necessarily accompanies, so it is very difficult
to achieve the object of securing both bake hardenability and room-temperature aging resistance.

[0053] A large amount of carbon (C) is concentrated at the ferrite grain boundary in comparison to the inside of the
ferrite grains , and a grain boundary triple point of ferrite shows high concentration of carbon (C) even among ferrite
grain boundaries. When a common bake heat treatment condition (170°C and 20 minutes) is applied to a steel sheet,
carbon (C) most actively diffuses from the grain boundary triple point of ferrite, which means that carbon (C) can more
easily adhere to mobile dislocations existing at the grain boundary triple point of ferrite. However, under an artificial
aging condition (100°C and 1 hour), temperature is relatively low, so the diffusion of carbon (C) from a grain boundary
and the martensite is limited, so there is no large difference according to distribution of martensite. That is, it means that
when a large amount of martensite is distributed at a grain boundary triple point of ferrite, it is possible to further improve
bake hardenability while maintaining room-temperature aging resistance of a steel sheet.

[0054] Accordingly, since the hard structure ratio V of a grain boundary triple point defined by Equation 2 is limited at
70% or more in the present disclosure, it is possible to effectively improve bake hardenability while maintaining room-
temperature aging resistance at a predetermined level.

[0055] In the cold-rolled steel sheet having excellent bake hardenability and room-temperature aging resistance ac-
cording to an aspect of the present disclosure, a bake hardening amount may be 30MPa or more (BH, tension test after
heat treatment at 170°C for 20 minutes) and yield point elongation may be 0.2% or less (YP-EI, tension test after heat
treatment at 100°C for 1 hour).

[0056] A plated steel sheet having excellent bake hardenability and room-temperature aging resistance according to
another aspect of the present disclosure may include a plating layer or an alloying-plating layer on at least a side of the
cold-rolled steel described above. The plating layer and the alloying-plating layer may be a hot-dip galvanized layer and
a galvannealed layer, but they are not necessarily limited thereto and may be construed as a concept including all plating
layers or alloying-plating layers suitable for materials of automotive external panels.

[0057] Hereafter, a method of manufacturing the cold-rolled steel sheet having excellent bake hardenability and room-
temperature aging resistance according to an aspect of the present disclosure is described in more detail hereafter.
[0058] The method of manufacturing the cold-rolled steel sheet having excellent bake hardenability and room-tem-
perature aging resistance according to an aspect of the present disclosure includes: heating a slab having a predetermined
alloy composition; providing a hot-rolled steel sheet by hot-rolling the slab; coiling the hot-rolled steel sheet; providing
a cold-rolled steel sheet by cold-rolling the hot-rolled steel sheet; and continuously annealing the cold-rolled steel sheet,
in which the continuous annealing may increase temperature up to a range of (Ac1+5°C)~(Ac3-20°C) at a temperature
increasing speed of 1~10°C/s and then maintain the temperature for 30~240 seconds.

Slab heating

[0059] A slab having a predetermined alloy composition may be prepared and then slab reheating may be performed.
The slab of the present disclosure has an alloy composition corresponding to the cold-rolled steel sheet described above,
so a description of the alloy composition of the slab refers to the alloy composition of the cold-rolled steel sheet described
above.

[0060] Since slab reheating is performed to smoothly perform following hot rolling and sufficiently achieve intended
properties of a steel sheet, conditions for such slab reheating are not specifically limited in the present disclosure.
Accordingly, slab reheating can be performed under common conditions in the present disclosure, and for example, slab
reheating may be performed in a temperature range of 1100~1300°C.

Hot rolling and coiling

[0061] Areheatedslabmay befinish-rolled within atemperature range of 880°C or more and then coiled in atemperature
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range of 400~700°C.

[0062] It is preferable to perform finish hot rolling in a single phase region of austenite. When finish hot rolling is
performed in a single phase region of austenite, pancakeshaped austenite and a deformation band are formed, so it is
more advantageous in the refinement of the resultant structure. Further, when finish hot rolling is performed in a two
phase region of austenite and ferrite, a non-uniform material quality is caused and excessive rolling load may be caused.
Accordingly, the present disclosure may limit the temperature range of finish hot rolling at 880°C or more such that finish
hot rolling is performed in a single phase region of austenite. The present disclosure does not specifically limit the upper
limit of the finish hot rolling temperature. However, it is possible to limit the upper limit of the temperature range of finish
hot rolling at 950°C in order to prevent a non-uniform material quality due to production of abnormal coarse grains.
[0063] Thereafter, the steel plate that has undergone hot roller may be coiled into a hot-rolled coil. When a coiling
temperature does not reach a predetermined level, a large amount of hard phases such as martensite or bainite are
formed, so the strength of the steel may be excessively increased. Accordingly, the present disclosure may limit the
coiling temperature at 400°C or more in order to reduce rolling load and prevent poor shaping in following cold rolling
after coiling. However, when the coiling temperature exceeds a predetermined range, there is a problem that surface
concentration of oxidative elements in steel increases. Accordingly, the present disclosure may limit the upper limit of
the coiling temperature at 700°C to secure a surface quality and a plating quality of a steel sheet.

Cold rolling

[0064] The coiled hot-rolled steel sheet may be pickled under common conditions and then cold rolling is applied,
whereby a cold-rolled steel sheet can be provided. It is preferable to perform cold rolling at a reduction ratio of 50~90%
in the present disclosure. If the reduction ratio of cold rolling is less than a predetermined level, there is a problem that
it is difficult to secure an intended thickness of a steel sheet and it is difficult to correct the shape of the steel sheet, so
the present disclosure may limit the lower limit of the reduction ratio at 50% in cold rolling. However, when the reduction
ratio of cold rolling exceeds a predetermined level, the possibility that cracks are formed at the edge of the steel sheet
is high and excessive rolling load may become a problem, so the present disclosure may limit the upper limit of the
reduction ratio at 90% in cold rolling.

Continuous annealing

[0065] In order to control an intended microstructure, particularly, the fractions of ferrite and martensite and distribution
of martensite in the present disclosure, it is necessary to severely manage continuous annealing conditions. In order to
secure the intended microstructure of the present disclosure, it is possible to perform continuous annealing of increasing
the temperature of the cold-rolled steel sheet that has undergone cold rolling up to a temperature range of
(Ac1+5°C)~(Ac3-20°C) at a temperature increasing speed of 1~10°C/s and then maintaining the temperature for 30~240
seconds.

[0066] When the temperature increasing speed is lower than a predetermined level in continuous annealing, non-
uniformity of a size between structures increases and the size of initial ferrite unnecessarily increases due to an increase
of temperature which is too slow, so the strength of the steel sheet may decrease. That is, as the size of grains of ferrite
increases, the area ratio of the ferrite grain boundary triple point of ferrite grain boundaries decreases, and the content
of entire martensite decreases even if an intended martensite ratio V in a ferrite grain boundary triple point is secured,
so it may be difficult to secure intended properties. Accordingly, the present disclosure may limit the lower limit of the
temperature increasing speed at 1°C/s and a more preferable upper limit of the temperature increasing speed may be
2°C/s. However, the present disclosure does not specifically limit the upper limit of the temperature increasing speed in
continuous annealing. However, when the temperature increasing speed is excessively high, excessive load may be
applied to the on-site facilities, so the present disclosure may limit the upper limit of the temperature increasing speed
at 10°C/s.

[0067] It is preferable that the annealing temperature is the range of (Ac1+5°C) ~ (Ac3-20°C). Since the present
disclosure intends to control the fractions of ferrite and martensite and distribution of martensite in a resultant steel sheet,
it is possible to perform continuous annealing of maintaining a two-phase region temperature range for a predetermined
time. When the annealing temperature is excessively low, an austenite fraction at a two-phase region temperature is
excessively low, so there is a problem that it is impossible to achieve a martensite fraction at an intended level in the
resultant steel sheet. Accordingly, the present disclosure may limit the lower limit of annealing temperature at (Ac1+5°C)
in order to achieve the intended martensite fraction. A preferable lower limit of the annealing temperature may be
(Ac1+10°C) and a more preferable lower limit of the annealing temperature may be (Ac1+15°C).

[0068] However,in common dual phase steel (DP) over 590MPa, when annealing temperature increases, an austenite
fraction at a two-phase region temperature increases, and accordingly, there may be a problem that a large amount of
coarse martensite is formed in the resultant steel sheet. However, in low-strength dual phase and complex phase steel
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under 490MPa, when annealing temperature increases, an austenite fraction at a two-phase region temperature in-
creases, but it does not mean that a martensite fraction is high in the resultant steel sheet. The fact that the austenite
fraction increases at the two-phase region temperature means that hardenability elements (representatively C and Mn)
existing in the steel sheet diffuse to more austenite regions, and means that the concentration of hardenability elements
in austenite is low in comparison to low two-phase region temperature (which means a lower two-phase region austenite
fraction). That is, when the annealing temperature increases, transformation into ferrite becomes easy during cooling
after annealing by decreasing stability of austenite, so the content of martensite finally produced decreases on the
contrary, whereby it is difficult to secure an intended content of martensite. That is, in low-strength complex phase steel
under 490Mpa intended in the present disclosure, when annealing temperature is excessively high, stability of two-phase
region austenite excessively decreases, so the final martensite fraction decreases, whereby there is a problem that it is
impossible to secure bake hardenability at an intended level.

[0069] Further, the present disclosure intends to perform continuous annealing in a two-phase region temperature
range, but it is preferable to perform continuous annealing in a temperature range in which ferrite formation is as ad-
vantageous as possible. This is because when continuous annealing is performed in a temperature range in which ferrite
formation is advantageous, initial ferrite formation is promoted, so an environment that is more advantageous for grain
growth can be provided. Further, when continuous annealingis performed in a temperature range in which ferrite formation
is advantageous, the concentration of carbon (C) and manganese (Mn) in austenite is increased, so it is possible to
decrease martensite transformation start temperature Ms. Further, it is possible to induce fine and uniform martensite
to be distributed and formed in a large quantity in ferrite grains in a following cooling process or a cooling process after
plating. Accordingly, the present disclosure may limit the upper limit of annealing temperature at (Ac3-20°C) to secure
an intended martensite ratio V of a ferrite grain boundary triple point. A preferable upper limit of the annealing temperature
may be (Ac3-25°C) and a more preferable upper limit of the annealing temperature may be (Ac3-30°C).

[0070] A maintenance time after temperature is increased is an important process variable for securing the micro-
structure intended in the present disclosure. When the maintenance time after temperature is increased is less than a
predetermined level, carbon (C) and manganese (Mn) do not sufficiently diffuse to austenite formed in the two-phase
region period, so stability of the austenite decreases, whereby the possibility that austenite transforms into another
microstructure rather than the intended martensite during cooling after annealing is increased. Accordingly, the present
disclosure may limit the lower limit of the maintenance time after temperature is increased at 30 seconds and a more
preferable lower limit of the maintenance time after temperature is increased may be 60 seconds. However, when the
maintenance time after temperature is increased exceeds a predetermined level, the ferrite formed in the early stage
unnecessarily coarsens, so non-uniformity may be caused in structure size of ferrite and other structures formed after
final cooling. As described above, non-uniformity in structure sizes is a factor that deteriorates bake hardenability and
agingresistance, so the present disclosure may limit the upper limit of the maintenance time after temperature is increased
at 240 seconds. A more preferable upper limit of the maintenance time after temperature is increased may be 180 seconds.
[0071] The cold-rolled steel sheet manufactured through the manufacturing process described above may include
ferrite of 95 area percentage or more and the balance of martensite as a microstructure and a hard structure ratio V of
a grain boundary triple point defined by the following Equation 1 may satisfy 70% or more.

[Equation 1]
V(%) = {Vtp / (Vgb + Vtp)} x 100

[0072] In Equation 1, Vgb is the number of hard structures observed at a ferrite grain boundary in an observation
region and Vip is the number of hard structures observed at a ferrite grain boundary triple point in the observation region.
[0073] Further, the cold-rolled steel sheet manufactured through the manufacturing method described above may
satisfy a bake hardening amount of 30MPa or more (BH, tension test after heat treatment at 170°C for 20 minutes) and
yield point elongation of 0.2% or less ((YP-EI, tension test after heat treatment at 100°C for 1 hour).

[0074] The plated steel sheet having excellent bake hardenability and room-temperature aging resistance according
to an aspect of the present disclosure can be provided by applying a plating process to the cold-rolled steel sheet
manufactured through the manufacturing method described above. The plating process may be a hot-dip galvanizing
process or a galvannealing process, but is not necessarily limited thereto, and all plating processes that are applied to
the materials of common automotive external panels may be applied.

[0075] As a non-limiting example of the plating process, a hot-dip galvanizing process that dips the cold-rolled steel
sheet described above into a hot-dip galvanizing bath (Pot) at 440~480°C that is a common temperature range may be
applied. Further, as another non-limiting example of the plating process, a galvannealing process that performs alloying
by dipping the cold-rolled steel sheet described above into a hot-dip galvanizing bath (Pot) at 440~480°C that is a
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common temperature range and then maintaining the cold-rolled steel sheet for 20 seconds or more at a temperature
range of 460~610°C may be applied.

[Mode for Invention]

[0076] Hereafter, the present disclosure is described in more detail through embodiments. However, it should be noted
that the following embodiments are provided only to concrete the present disclosure through exemplification rather than
limiting the right range of the present disclosure.

(Embodiment)

[0077] A slab having the alloy composition shown in Table 1 was prepared and the process conditions shown in Table
2 were applied, whereby a hot-dip galvanized steel sheet was manufactured. A slab reheating temperature condition of
1200°C and a cold-cooling reduction ratio of 70% were commonly applied to each specimen. The results of observing
the microstructure and measuring properties of the specimens were shown in Table 2.

[0078] A hard structure ratio V of a grain boundary triple point was measured using a scanning microscope (SEM,
JEOL JSN-7001F, resolution: 1nm). In detail, an observation region 10,000..m?2 was defined ata 1/4t pointin the thickness
direction of each of the specimens and the number of martensite existing a ferrite grain boundary in the observation
region was measured, whereby a hard structure ratio V of a grain boundary triple point was calculated. The number of
all martensite is the total number of martensite that can be observed at all ferrite grain boundaries in the observation
region using a scanning microscope. Further, the number of martensite of a grain boundary triple point is the number
of martensite occupying even a portion of a region set within a diameter of 50nm around a point at which three or more
ferrite grain boundarys meet in the observation region.

[0079] Bake hardenability (BH,) was measured by measuring flow-stress at 2% by pre-straining each specimen by
2% and performing a tension test after performing heat treatment on the same specimen at 170°C for 20 seconds. Yield
point elongation (YP-EI) was measured by performing a tension test after heat treatment at 100°C for 1 hour. In this
case, ASTM-e8/e8m-16a was applied as a tension test condition.

[Table 1]

stee 1 Alloy composition (wt%) [Equation | A* Ag**

types g Mn | P s N cr | SAl | si 2] Hel cc) | (O

1 0.0 221 | 0.013 | 0.005 | 0.003 | 0.74 | 0.028 | 0.003 | 1.66 734 873
035

2 0.0 249 | 0.011 | 0.004 | 0.003 | 0.91 | 0.032 | 0.004 | 1.93 734 868
071

3 0.0 2.05 | 0.008 | 0.006 | 0.004 | 0.48 | 0.033 | 0.001 | 1.39 731 876
024

4 0.011 | 1.65 | 0.091 | 0.007 | 0.003 | 0.25 | 0.024 | 0.002 | 1.02 731 880

5 0.0 1.98 | 0.013 | 0.003 | 0.002 | 0.62 | 0.031 | 0.003 | 1.46 734 875
097

6 0.0 234 | 0.021 | 0.004 | 0.003 | 0.53 | 0.045 | 0.001 | 1.64 729 856
068

7 0.0 245 | 0.018 | 0.005 | 0.004 | 0.63 | 0.033 | 0.002 | 1.70 731 872
014

8 0.0 1.31 | 0.021 | 0.004 | 0.004 | 0.35 | 0.039 | 0.005 | 0.93 735 884
085

9 0.0 4.15 | 0.016 | 0.006 | 0.002 | 0.65 | 0.033 | 0.002 | 2.56 719 853
021

10 0.0 0.88 | 0.015 | 0.005 | 0.005 | 0.87 | 0.043 | 0.001 | 1.09 745 888
017

[00110] * A.4=739-22*[C]-7*[Mn]+2*[Si]+14*[Cr]+13*[Mo]-13*[Ni]

[00111] ** A3=902-255*[C]-11*[Mn]+19*[Si]-5*[Cr]+13*[Mo]-20*[Ni]+55*[V]

10
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[Table 2]
Steel | Spe Hot rolling Continuous annealing [Equation | BH, YP-
types (,zl';n e 1 FDT | CT Anneal ing Temper ature Maintena 1V (%) (MPa) (EOL)
(°C) (°C) | temperature | increa sing speed nce time
(°C) (°Cls) (s)
1 1-1 927 642 | 785 2.8 124 78 42 0
1-2 931 613 | 805 7.6 68 81 38 0
2 2-1 915 519 | 718 35 52 0 39 0.65
2-2 941 581 | 820 5.2 49 90 51 0
3 3-1 921 667 | 797 6.2 168 85 47 0
3-2 916 629 | 822 0.3 205 62 28 0.11
4 41 909 558 | 815 8.1 187 57 28 0
4-2 935 228 | 864 49 109 76 32 0.28
5 5-1 924 670 | 825 5.7 39 83 43 0
5-2 921 561 | 895 3.3 64 54 38 0.34
6 6-1 932 553 | 828 9.2 384 38 27 0.41
6-2 911 605 | 782 6.8 221 73 57 0
7 7-1 908 646 | 785 1.5 194 77 25 0.08
8 8-1 910 635 | 824 6.0 143 83 42 0.75
9 9-1 915 579 | 835 25 89 87 38 0.51
10 10-1 922 622 | 831 34 75 92 22 0.81
[0080] It could be seen that specimens that satisfy all of the alloy compositions and the process conditions limited by

the present disclosure satisfied both bake hardenability and room-temperature aging resistance intended in the present
disclosure, but specimens that did not satisfy any one or more of the alloy compositions and the process conditions
limited by the present disclosure did not satisfy both bake hardenability and room-temperature aging resistance intended
in the present disclosure.

[0081]

Although the present disclosure was described in detail above through embodiments, other embodiments may

be possible. Therefore, the spirit and scope of the following clams are not limited to the embodiments.

Claims

1. Acold-rolled steel sheet having excellent bake hardenability and room-temperature aging resistance, the cold-rolled
steel sheet comprising, in percentage by weight,

C:0.002~0.015%, Mn: 1.5~3.0%, P: 0.03% or less, S: 0.01% or less, N: 0.01% or less, sol.Al: 0.02~0.06%, Cr:
1.2% or less (excluding 0%), and a balance of Fe and unavoidable impurities,

and comprising ferrite, which is a matrix structure, and a balance of a hard structure as a microstructure,
wherein a hard structure ratio VV of a grain boundary triple point defined by the following Equation 1 is 70% or more,

[Equation 1]
V(%) = {Vtp / (Vgb + Vtp)} x 100

in Equation 1, Vgb is the number of hard structures observed at a ferrite grain boundary in an observation region
and Vtpis the number of hard structures observed at a ferrite grain boundary triple pointin the observation region.

1"



10

15

20

25

30

35

40

45

50

55

EP 4 079 915 A1

The cold-rolled steel sheet of claim 1, wherein a fraction of the ferrite is 95% or more in area percentage, and
the hard structure includes martensite.

The cold-rolled steel sheet of claim 1, wherein Hel defined by the following Equation 2 satisfies a range of 1.2~2.5,

[Equation 2]
Hel = [C] + 0.5*[Mn] + 0.75*[Cr]

in Equation 2, [ C], [Mn], and [Cr] are contents (percentages by weight) of C, Mn, and Cr, respectively.

The cold-rolled steel sheet of claim 1, further comprising silicon (Si) of 0.1% or less (0% included) in percentage by
weight.

The cold-rolled steel sheet of claim 1, wherein a bake hardening amount is 30MPa or more (BH, tension test after
heat treatment at 170°C for 20 minutes) and yield point elongation is 0.2% or less (YP-EI, tension test after heat
treatment at 100°C for 1 hour).

A plated steel sheet having excellent bake hardenability and room-temperature aging resistance, the plated steel
sheet comprising:

the cold-rolled steel sheet of any one of claims 1 to 5; and
a plating layer or an alloying-plating layer on at least a side of the cold-rolled steel sheet.

A method of manufacturing a cold-rolled steel sheet having excellent bake hardenability and room-temperature
aging resistance, the method comprising:

heating a slab including, in percentage by weight, C: 0.002~0.015%, Mn: 1.5~3.0%, P: 0.03% or less, S: 0.01%
or less, N: 0.01% or less, sol.Al: 0.02~0.06%, Cr: 1.2% or less (excluding 0%), and a balance of Fe and
unavoidable impurities;

providing a hot-rolled steel sheet by hot-rolling the slab;

coiling the hot-rolled steel sheet;

providing a cold-rolled steel sheet by cold-rolling the hot-rolled steel sheet; and

continuously annealing the cold-rolled steel sheet,

wherein the continuous annealing increases temperature up to a range of (Ac1+5°C)~(Ac3-20°C) at a temper-
ature increasing speed of 1~10°C/s and then maintains the temperature for 30~240 seconds.

The method of claim 7, wherein the slab is configured such that Hel defined by the following Equation 2 satisfies a
range of 1.2~2.5,

[Equation 2]
Hel = [C] + O0.5*[Mn] + 0.75*[Cr]
in Equation 2, [ C], [Mn], and [Cr] are contents (percentages by weight) of C, Mn, and Cr, respectively.

The method of claim 7, wherein the slab further includes silicon (Si) of 0.1% or less (0% included) in percentage by
weight.

10. The method of claim 7, wherein heating temperature of the slab is 1100~1300°C,

finish rolling temperature of the hot rolling is 880°C or more,
the coiling temperature is 400~700°C, and
a reduction ratio of the cold rolling is 50~90%.

11. A method of manufacturing a plated steel sheet having excellent bake hardenability and room-temperature aging

12
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resistance, the method further comprising:

performing hot-dip galvanizing by dipping the cold-rolled steel sheet of any one of claims 7 to 10 in a hot-dip

galvanizing bath at 440~480°C; and

selectively performing alloying by maintaining at a temperature range of 460~610°C for 20 seconds or more

after the hot-dip galvanizing.
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