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Description
[Technical Field]

[0001] The present invention relates to a cold-rolled steel sheet and a manufacturing method thereof, and more
particularly to a cold-rolled ultra-high strength low-carbon steel sheet having excellent formability and a manufacturing
method thereof.

[Background Art]

[0002] Ultra-high strength steel for automobile steel sheets is being developed to meet the two factors of reducing
vehicle weight in response to environmental regulatory issues and strengthening crash safety standards due to
strengthening safety regulations. However, since strength and elongation have a trade-off relationship, the problem of
decreased formability as strength increases has emerged, and several studies have been conducted to secure the
formability of high strength steel.

[0003] TRIP (transformation-induced plasticity)-aided steel, which utilizes the TRIP phenomenon that transforms
residual austenite into martensite during the transformation of residual austenite within a microstructure, is being
developed as a 3rd generation steel sheet that can secure both high strength and high elongation. The physical properties
of these TRIP-aided steels are determined by the phase stability and fraction of residual austenite that causes the TRIP
phenomenon, so securing stable residual austenite within the microstructure is important in manufacturing the steel.
[0004] Related prior art includes Korean Patent Application No. 2018-0033119.

[Disclosure]
[Technical Problem]

[0005] Therefore, the presentinvention has been made in view of the above problems, and itis one object of the present
invention to provide a cold-rolled ultra-high strength low-carbon steel sheet having excellent formability and a manu-
facturing method thereof.

[Technical Solution]

[0006] Inaccordance with one aspect of the presentinvention, provided is a cold-rolled steel sheetincluding 0.15t0 0.20
% by weight of carbon (C), 1.0to 2.0 % by weight of silicon (Si), 1.5 to 3.0 % by weight of manganese (Mn), greater than 0 %
by weightand 0.02 % by weight or less of phosphorus (P), greater than 0 % by weight and 0.003 % by weight or less of sulfur
(S), 0.01 to 0.3 % by weight of aluminum (Al), greater than 0 % by weight and 0.01 % by weight or less of nitrogen (N),
48/14-[N] to 0.1 % by weight of titanium (Ti) ([N] is a content (% by weight) of nitrogen), remaining iron (Fe), and other
unavoidable impurities, wherein a final microstructure of the cold-rolled steel sheet consists of ferrite, needle-shaped
residual austenite, a martensite/austenite composite structure, and block-shaped martensite; an area fraction of the ferrite
is 30 to 60 %, an area fraction of the needle-shaped residual austenite is 5 to 12 %, an area fraction of the martensi-
te/austenite composite structure is 25 to 50 %, and an area fraction of the block-shaped martensite is 5 to 12 %; and an
amount of carbon concentrated in residual austenite is 1.1 % by weight or more.

[0007] Inthe cold-rolled steel sheet, the ferrite may be composed of polygonal ferrite and needle-shaped ferrite, and an
area fraction of the needle-shaped ferrite in the ferrite may be 40 % or more.

[0008] The cold-rolled steel sheet may have a tensile strength (TS) of 980 to 1180 MPa and an elongation (El) of 23 to 25
%.

[0009] Inaccordance with another aspect of the present invention, provided is a method of manufacturing a cold-rolled
steel sheet, the method including step (a) of reheating steel including 0.15 to 0.20 % by weight of carbon (C), 1.0t0 2.0 % by
weight of silicon (Si), 1.5 to 3.0 % by weight of manganese (Mn), greater than 0 % by weight and 0.02 % by weight or less of
phosphorus (P), greater than 0 % by weight and 0.003 % by weight or less of sulfur (S), 0.01 to 0.3 % by weight of aluminum
(Al), greaterthan 0 % by weightand 0.01 % by weight or less of nitrogen (N), 48/14-[N] to 0.1 % by weight of titanium (Ti) ([N]
is a content (% by weight) of nitrogen), remaining iron (Fe), and other unavoidable impurities; step (b) of hot-rolling the
reheated steel; step (c) of cold-rolling the hot-rolled steel; firstannealing step (d) of maintaining the cold-rolled steel at afirst
annealing temperature of (Ac1 + 30 °C) or more and (Ac3 - 30 °C) or less and cooling the cold-rolled steel to a cooling end
point temperature of 340 °C or less; and second annealing step (e) of maintaining the steel at a second annealing
temperature of Ac1 or more and (Ac3 - 30 °C) or less, cooling the steel to a cooling end point temperature of a martensite
transformation onset temperature (Ms) or more and (bainite transformation onset temperature (Bs) - 15 °C) or less, and
performing over-aging, wherein the second annealing temperature is lower than the first annealing temperature.
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[0010] Inthe method of manufacturing a cold-rolled steel sheet, step (a) may include a step of reheating the steel at 1180
to 1300 °C, step (b) may include a step of performing hot-rolling at a finishing rolling temperature of 850 to 950 °C and a
coiling temperature of 450 to 650 °C, and step (c) may include a step of performing cold-rolling at a reduction ratio of 40 to
70 %.

[0011] Inthe method of manufacturing a cold-rolled steel sheet, step (d) may include a process of maintaining the cold-
rolled steel at the first annealing temperature for 30 to 120 seconds and cooling the cold-rolled steel to a cooling end point
temperature of 340 °C or less at a cooling rate of 15 °C/s or more.

[0012] Inthe method of manufacturing a cold-rolled steel sheet, after performing step (d), an area fraction of ferrite in a
microstructure of the steel may be 30 to 50 %.

[0013] Inthe method of manufacturing a cold-rolled steel sheet, step () may include a process of maintaining the steel at
the second annealing temperature for 30 to 120 seconds, cooling the steel to a cooling end point temperature of a
martensite transformation onset temperature (Ms) or more and (bainite transformation onset temperature (Bs)- 15 °C) or
less at a cooling rate of 15 °C/s or more, and performing over-aging for 30 to 300 seconds.

[0014] Inthe method of manufacturing a cold-rolled steel sheet, after performing step (e), a microstructure of the steel
may be composed of ferrite, needle-shaped residual austenite, a martensite/austenite composite structure, and block-
shaped martensite; and an area fraction of the ferrite may be 30 to 60 %, an area fraction of the needle-shaped residual
austenite may be 5 to 12 %, an area fraction of the martensite/austenite composite structure may be 25 to 50 %, and an
area fraction of the block-shaped martensite may be 5 to 12 %.

[Advantageous effects]

[0015] According to an embodiment of the present invention, a cold-rolled ultra-high strength low-carbon steel sheet
having excellent formability and a manufacturing method thereof may be implemented. Specifically, excellent weldability
can be secured by designing using low-carbon steel containing a carbon content of 0.2 % by weight or less. During a heat
treatment process, a sufficient amount of carbon and manganese can be concentrated in austenite through multiple steps
of redistributing alloy elements to achieve an excellent balance of strength and elongation. By securing a tensile strength of
980 MPa or more and an elongation of 23 % or more, cold-rolled ultra-high strength steel with excellent processability can
be realized.

[0016] Also, the scope of the present invention is not limited to these effects.

[Description of Drawings]
[0017]

FIG. 1 is a flowchart schematically showing a method of manufacturing a cold-rolled steel sheet according to an
embodiment of the present invention.

FIG. 2includes diagrams illustrating the outline of (a) the first annealing process and (b) the second annealing process
in the method of manufacturing a cold-rolled steel sheet according to an embodiment of the present invention.
FIG. 3 is an image of a microstructure after the first annealing in Example 1 among the experimental examples.
FIG. 4 is an image of a microstructure after the second annealing in Example 1 among the experimental examples.
FIG. 5 is an image of a microstructure after the first annealing in Comparative Example 6 among the experimental
examples, FIG. 6 is an image of a final microstructure in Comparative Example 7 among the experimental examples,
FIG. 7 is animage of a final microstructure in Comparative Example 8 among the experimental examples, FIG. 8 is an
image of a final microstructure in Comparative Example 9 among the experimental examples, and FIG. 9 includes
images of (a) needle-shaped and (b) block-shaped tissues after second annealing and over-aging.

[Best Mode]

[0018] A cold-rolled steel sheet according to an embodiment of the present invention and a manufacturing method
thereof willbe described in detail. The terms described below are terms appropriately selected in consideration of functions
thereof in the present invention, and definitions of these terms should be made based on the content throughout this
specification. Hereinafter, a cold-rolled ultra-high strength low-carbon steel sheet having excellent formability and a
manufacturing method thereof will be described in detail.

[0019] Korean Patent Application No. 2018-0033119 proposes a method of manufacturing steel (quenching and
partitioning, Q&P) containing tempered martensite and residual austenite through rapid cooling and partitioning heat
treatment after annealing steel. Q&P steel has the advantage of being able to obtain physical properties including a tensile
strength of 980 MPa or more and an elongation of 21 % or more even with 0.2 % by weight carbon steel. However, Q&P
steel has a narrow window for process temperature and has a large ductility deviation, making it difficult to stably secure
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high elongation targeted in the present invention.

[0020] Korean Patent Application Publication No.2017-0113858 proposes a two-time annealing process as a method of
securing a microstructure (full structure) before final annealing to increase the ductility of steel by securing lath-shaped
ferrite and residual austenite. However, to secure a low-temperature structure with a volume fraction of 90 % or more after
first annealing, single-phase annealing is performed, making itimpossible to reliably secure a tensile strength of 980 MPa
or more in steel with low carbon content. In addition, because high temperature annealing is performed, the lifespan of a
furnace may be shortened.

[0021] The presentinvention discloses a cold rolled ultra-high-strength steel sheet with excellent elongation, applicable
to automotive parts, with a tensile strength of 980 MPa or more and an elongation of 23 % or more and a manufacturing
method thereof. A microstructure of the cold-rolled steel sheet consists of polygonal ferrite having an area fraction of 20%
or more and 50% or less, 40 % or more of needle-shaped ferrite, 5 % or more and 12 % or less of needle-shaped residual
austenite, 5% or more of a martensite/austenite composite structure, and a remainder of bainite. In addition, the present
invention discloses alloy amount and heat treatment conditions suitable for securing target yield strength, tensile strength,
and elongation.

Steel sheet

[0022] Acold-rolled steel sheetaccordingto an embodiment of the presentinvention consists of 0.15to 0.20 % by weight
of carbon (C), 1.0 to 2.0 % by weight of silicon (Si), 1.5 to 3.0 % by weight of manganese (Mn), greater than 0 % by weight
and 0.02 % by weight or less of phosphorus (P), greater than 0 % by weight and 0.003 % by weight or less of sulfur (S), 0.01
to0 0.3 % by weight of aluminum (Al), greater than 0 % by weightand 0.01 % by weight or less of nitrogen (N), 48/14-[N]t0 0.1
% by weight of titanium (Ti) ([N] is a content (% by weight) of nitrogen), remaining iron (Fe), and other unavoidable
impurities.

[0023] Hereinafter, the role and content of each ingredient included in the cold-rolled steel sheet are described.

Carbon (C)

[0024] Carbon (C)is added to secure the strength of steel, and the strength increases as carbon contentin a martensite
structure increases. In addition, carbon (C) combines with elements such as iron to form carbide, improving strength and
hardness. Carbon (C) may be added at a content ratio of 0.15 to 0.20% by weight of the total weight in the cold-rolled steel
sheetaccording to an embodiment of the presentinvention. When the content of carbonis less than 0.15 % by weight of the
total weight, the above-mentioned effect may not be achieved and sufficient strength may not be secured. Conversely,
when the content of carbon exceeds 0.20 % by weight of the total weight, weldability and processability may be reduced.

Silicon (Si)

[0025] Silicon (Si) is added to increase strength and suppress carbide formation through the ferrite solid solution-
strengthening effect. In addition, silicon is well known as a ferrite stabilizing element, and may increase ductility by
increasing ferrite fraction during cooling. In addition, silicon is known as an element that may secure strength by promoting
martensite formation by enriching austenite carbon. In addition, silicon is added along with aluminum as a deoxidizer to
remove oxygen in steel during a steelmaking process, and may also have a solid solution-strengthening effect. Silicon may
be added at a content ratio of 1.0 to 2.0 % by weight of the total weight of the cold-rolled steel sheet according to an
embodiment of the present invention. When the silicon contentis less than 1.0 % by weight of the total weight, ductility may
not be secured and the above-mentioned silicon addition effect may not be properly achieved. Conversely, when the
silicon content exceeds 2.0 % by weight of the total weight, oxides such as Mn,SiO, may be formed during the
manufacturing process, impairing plating properties, and increasing the carbon equivalent, which may reduce weldability.
In addition, surface quality may be reduced by generating red scale during reheating and hot rolling, and toughness and
plastic processability may be reduced.

Manganese (Mn)

[0026] Manganese (Mn)contributes to improving strength by increasing hardenability, facilitates the formation of a low-
temperature transformation phase, and provides the effect of increasing strength through a solid solution-strengthening
effect. Manganese may be added at a contentratio of 1.5 to 3.0 % by weight of the total weight of the cold-rolled steel sheet
according to an embodiment of the present invention. When the content of manganese is less than 1.5 % by weight, the
effect of securing strength described above may not be fully achieved. In addition, when the content of manganese
exceeds 3.0 % by weight, processability and delayed fracture resistance may decrease due to the formation or segregation
of inclusions such as MnS, and the carbon equivalent may be increased, thereby reducing weldability.
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Phosphorus (P)

[0027] Phosphorus (P)increases strength through a solid solution-strengthening effect and may perform the function of
suppressing the formation of carbides. Phosphorus may be added at a content ratio of greater than 0 % by weightand 0.02
% by weight or less of the total weight of the cold-rolled steel sheet according to an embodiment of the present invention.
When the content of phosphorus exceeds 0.02 % by weight, a welding area becomes embrittled and low-temperature
embrittlement occurs, which reduces press formability and impact resistance.

Sulfur (S)

[0028] Sulfur (S) improves the machinability of steel by combining with manganese and titanium and may improve
processability by forming afine MnS precipitate, but generally inhibits ductility and weldability. The sulfur may be added ata
content ratio of greater than 0 % by weight and 0.003 % by weight or less of the total weight of the cold-rolled steel sheet
according to an embodiment of the present invention. When the content of sulfur exceeds 0.003 % by weight, as the
number of Fes inclusions or MnS inclusions increases, toughness and weldability decrease, processability is inferior, and
high-temperature cracks may occur due to segregation during continuous casting solidification.

Aluminum (Al)

[0029] Aluminum (Al) is an element mainly used as a deoxidizer. Aluminum promotes the formation of ferrite, improves
elongation, suppresses the formation of carbides, and stabilizes austenite by increasing carbon concentration in
austenite. Aluminum (Al) is preferably added at a content ratio of 0.01 to 0.3 % by weight of the total weight of the
cold-rolled steel sheet according to an embodiment of the presentinvention. When the content of aluminum (Al)is less than
0.01 % by weight, the above-mentioned effects of adding aluminum may not be properly achieved. Conversely, when the
content of aluminum (Al) exceeds 0.3 % by weight, aluminum inclusions increase, deteriorating performance, concen-
trating on the surface of the steel sheet, deteriorating plating properties, and forming AIN in the slab, causing hot-rolled
cracks.

Nitrogen (N)

[0030] Nitrogen (N)is an element having a solid solution-strengthening effect that may increase the strength of the steel
sheet, and is generally an element mixed from the atmosphere. Nitrogen content must be controlled by the degassing
process in the steelmaking process. When the nitrogen content exceeds 0.01 % by weight, the welding area becomes
embrittled, low-temperature embrittlement occurs, press formability decreases, and impact resistance decreases.

Titanium (Ti)

[0031] Titanium (Ti) is a precipitate forming element, which has the effect of precipitating TiN and refining grains. In
particular, the nitrogen contentinside the steel may be reduced through precipitation of TiN. Titanium is preferably added in
anamount of 48/14-[N]to 0.1 % by weight. When the titanium content is less than 48/14:[N] % by weight, since the amount
of TiC precipitated is small, the effect of adding Ti may be insufficient. When the titanium content exceeds 0.1 % by weight, it
is difficult to secure strength by reducing the solid solubility of carbon in the base material.

[0032] As described above, the cold-rolled steel sheet according to an embodiment of the present invention having an
alloy element composition may be a cold rolled ultra-high-strength steel sheet having a tensile strength of 980 MPa or more
and an elongation of 23 % or more and having excellent elongation. For example, the cold-rolled steel sheet may have a
tensile strength (TS) of 980 to 1180 MPa and an elongation (El) of 23 to 25 %.

[0033] A final microstructure of the cold-rolled steel sheet is composed of ferrite, needle-shaped residual austenite, a
martensite/austenite composite structure, and block-shaped martensite. The area fraction of the ferrite is 30 to 60 %, the
area fraction of the needle-shaped residual austenite is 5 to 12 %, the area fraction of the martensite/austenite composite
structure is 25 to 50 %, and the area fraction of the block-shaped martensite is 25 to 50 %. Carbon content in residual
austenite is 1.1 % by weight or more. The ferrite is composed of polygonal ferrite and needle-shaped ferrite, and among the
ferrites, the area fraction of the needle-shaped ferrite may be 40 % or more.

[0034] Hereinafter, a method of manufacturing the cold-rolled steel sheet according to an embodiment of the present
invention having the above-described composition and the microstructure will be described.

Method of manufacturing steel sheet

[0035] FIG. 1is aflowchart schematically showing a method of manufacturing a cold-rolled steel sheet according to an
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embodiment of the present invention.

[0036] Referring to FIG. 1, the method of manufacturing a steel sheet according to an embodiment of the present
invention sequentially include step (a) (S100) of reheating steel including 0.15 to 0.20 % by weight of carbon (C), 1.0t0 2.0
% by weight of silicon (Si), 1.5 to 3.0 % by weight of manganese (Mn), greater than 0 % by weight and 0.02 % by weight or
less of phosphorus (P), greater than 0 % by weight and 0.003 % by weight or less of sulfur (S), 0.01 to 0.3 % by weight of
aluminum (Al), greater than 0 % by weight and 0.01 % by weight or less of nitrogen (N), 48/14-[N] to 0.1 % by weight of
titanium (Ti) ([N] is a content (% by weight) of nitrogen), remaining iron (Fe), and other unavoidable impurities; step (b)
(S200) of hot-rolling the reheated steel; step (c) (S300) of cold-rolling the hot-rolled steel; first annealing step (d) (S400) of
maintaining the cold-rolled steel at a first annealing temperature of (Ac1 + 30 °C) or more and (Ac3 - 30 °C) or less and
cooling the cold-rolled steel to a cooling end point temperature of 340 °C or less; and second annealing step (e) (S500) of
maintaining the steel at a second annealing temperature of Ac1 or more and (Ac3 - 30 °C) or less, cooling the steel to a
cooling end point temperature of a martensite transformation onset temperature (Ms) or more and (bainite transformation
onset temperature (Bs) - 15 °C) or less, and performing over-aging.

[0037] Step (a)(S100) may include a step of reheating slab steel having the composition at 1180 to 1300 °C. The slab is
manufactured in the form of a semi-finished product by continuously casting molten steel obtained through a steelmaking
process. Through a reheating process, ingredient segregation generated during a casting process is homogenized, and
the semi-finished productis made ready for hot rolling. When the slab reheating temperature (SRT)is 1180 °C orless, there
is a problem that the segregation of the slab may not be sufficiently reused. When the slab reheating temperature (SRT)
exceeds 1300 °C, the size of austenite grains may increase, and process costs may increase. Reheating of the slab may
take 1 to 4 hours. When the reheating time is less than 1 hour, the reduction in segregation is not sufficient. When the
reheating time exceeds 4 hours, grain size and process costs may increase.

[0038] Step (b)(S200)is a step of hot-rolling the reheated slab. Hot-rolling is performed at a finish delivery temperature
(FDT) of 850 to 950 °C. When the finish delivery temperature is less than 850 °C, rolling load increases rapidly and
productivity decreases. When the finish delivery temperature exceeds 950 °C, strength may decrease as grain size
increases. After hot-rolling, cooling is performed at a temperature of 450 to 650 °C, and then winding is performed. When
the coiling temperature is less than 450 °C, the shape of the hot-rolled coil becomes uneven and strength increases, which
increases the rolling load during cold-rolling. When the coiling temperature exceeds 650 °C, surface oxidation may cause
defects in post-processing, uneven microstructure may be caused due to differences in cooling rates between the center
and edge of the steel sheet, and the inside of the grain may be oxidized.

[0039] Step(c)isastepinwhichthe hot-rolled coilis pickled to remove surface scale layers and cold-rolling is performed.
The thickness reduction ratio during cold-rolling is approximately 40 to 70 %. As the reduction ratio increases, formability
may increase due to the tissue refinement effect. When the reduction is less than 40 % during cold-rolling, it is difficult to
obtain a uniform microstructure. When the reduction exceeds 70 %, roll force increases and process load increases.
[0040] After cold-rolling, afirst annealing process and a second annealing process are performed sequentially. That is,
the cold-rolled steel sheet is subjected to the first annealing and second annealing, and is annealed twice in total. The
heating rate from room temperature to the first or second annealing temperature section is not limited and may follow the
heating rate of normal heating equipment.

[0041] Step (d) is a first annealing step including a process of maintaining the cold-rolled steel at a first annealing
temperature of (Ac1 + 30 °C) or more and (Ac3 - 30 °C) or less and cooling the cold-rolled steel to a cooling end point
temperature of 340 °C or less.

[0042] Step (d)is a step of performing annealing at a first annealing temperature of (Ac1 + 30 °C) or more and (Ac3 - 30
°C) or less for 30 to 120 seconds to secure ferrite and a dual-phase structure of a low temperature phase. The first
annealing process is a process that forms a desirable full structure to secure the lath-shaped needle-shaped ferrite and
austenite structure during the second annealing processes. In this specification, 'full structure’ refers to the microstructure
of steel manufactured by first annealing S400. During the second annealing process, a low-temperature phase tissue
undergoes reverse transformation into austenite, and lath-shaped ferrite and austenite microstructure are formed. Here,
the low-temperature phase tissue refers to a martensite or bainite phase. This lath-shaped tissue has the characteristic of
securing both high strength and high ductility. When annealing in a dual-phase temperature section, primary redistribution
of carbon and manganese occurs, enriching carbon and manganese in an austenite region, and increasing the phase
stability of austenite.

[0043] To satisfy tensile properties including a tensile strength of 980 MPa or more and an elongation of 23 % or more of
elongation in the steel of 0.2% by weight or less proposed by the present invention, beyond conventional heat treatment, it
is necessary to redistribute carbon and manganese to austenite to increase the strength of martensite to secure sufficient
tensile strength and increase the phase stability of residual austenite to secure sufficient ductility. Accordingly, it is
desirable to perform the first annealing in a dual-phase temperature section. When the first annealing temperature
exceeds Ac3, austenite crystals become coarse due to high-temperature annealing, and a large amount of austenite with
low carbon and manganese content is generated, making it difficult to secure the tensile properties of the final steel. On the
other hand, when the first annealing temperature is Ac1 or more and less than (Ac1 + 30 °C), after the first annealing
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process, the ferrite fraction within the microstructure exceeds 50 %, resulting in an increase in soft and coarse polygonal
ferrite within a final microstructure, making it difficult to secure the tensile properties of the steel.

[0044] Accordingly, after the first annealing process, the microstructure preferably appears as a dual-phase (DP) tissue
composed of ferrite and low-temperature phase. More preferably, to balance strength and ductility, the fraction of ferrite
may be limited to 30 to 50 % as an area fraction. When cooling the above-mentioned first annealed steel sheet to room
temperature, to suppress the formation of polygonal ferrite, which adversely affects physical properties during cooling, and
to secure a low-temperature martensite structure, cooling may be performed at 15 °C/s or more, preferably 25 °C/s or
more.

[0045] In addition, in a modified embodiment of the present invention, when the microstructure after the first annealing
process is a dual-phase (DP) tissue composed of ferrite and low-temperature phase, and the fraction of ferrite is limited to
30to 50 % as an areafraction, the heat treatment temperature of firstannealing may be limited to (Ac1 + 30 °C) or more and
(Ac3 -30°C) orless.

[0046] Step (e) is a second annealing step including a process of maintaining the steel at a second annealing
temperature of AAc1 or more and (Ac3 - 30 °C) or less, cooling the steel to a cooling end point temperature of martensite
transformation onset temperature (Ms) or more and (bainite transformation onset temperature (Bs) - 15 °C) or less, and
then performing over-aging.

[0047] Step (e) is a step in which the martensite structure created in the first annealing process undergoes reverse
transformation to form lath-shaped ferrite and austenite. During annealing, redistribution of carbon and manganese to
austenite occurs along with reverse transformation of the first low-temperature phase. Accordingly, it is desirable to
increase the annealing time to ensure sufficient reverse transformation and alloy element redistribution. However, when
the annealing time is excessively increased, there is a risk of decreased productivity, so the annealing maintenance time is
limited to within 30 to 120 seconds.

[0048] The step is a step of cooling the second annealed steel sheet to a temperature between a martensite
transformation onset temperature (Ms) and a bainite transformation onset temperature (Bs) and maintaining the
temperature for 30 to 300 seconds to induce redistribution of carbon and manganese alloy elements to increase the
phase stability of residual austenite. When cooling to the cooling end point temperature of martensite transformation onset
temperature (Ms) or more and (bainite transformation onset temperature (Bs) - 15 °C) or less, when the cooling rate is less
than 15 °C/s, polygonal ferrite is generated during cooling, resulting in inferior tensile properties of the final steel. Thus, the
cooling rate is 15 °C/s or more, preferably 25 °C/s or more. When the cooling end point temperature is higher than (bainite
transformation onset temperature (Bs) - 15 °C), during the maintenance step, ferrite or perlite is generated, reducing
strength and elongation. When the cooling end pointtemperature is less than the bainite transformation onset temperature
(Bs), in a high-temperature bainite formation section, bainite transformation and carbon redistribution do not occur in a
balanced manner. When the cooling end point temperature is lower than the martensite transformation onset temperature
(Ms), fresh martensite is created by cooling, greatly increasing the strength of the steel. However, the residual austenite
decreases, making it impossible to secure sufficient elongation of 23 % or more targeted in the present invention.
Accordingly, the cooling end point temperature is preferably a temperature of martensite transformation onset tempera-
ture (Ms) or more and (bainite transformation onset temperature (Bs) - 15 °C) or less. After cooling to the cooling end point
temperature, the temperature is maintained for 30 to 300 seconds for additional redistribution of carbon and manganese,
and then cooling is performed to room temperature. At this time, the cooling rate up to room temperature is not specifically
limited, but is preferably 10 °C/s or more for productivity.

[0049] In addition, in the method of manufacturing a cold-rolled steel sheet according to the present invention, the
second annealing temperature may be lower than the first annealing temperature. When the second annealing
temperature is higher than the first annealing temperature, the austenite fraction generated during second annealing
S500is higher than the low-temperature phase fraction of the tissue after firstannealing S400. Austenite, which undergoes
reverse transformation in the low-temperature phase, appears as a lamellar structure of needle-shaped ferrite and
austenite. However, due to the high annealing temperature, the excessively produced austenite develops into a block-
shape, and as aresult, a block martensite fraction increases in a final microstructure, greatly increasing the tensile strength
of the steel and decreasing the elongation of the steel.

[0050] The microstructure of steel finally realized through the above-described heat treatment process is composed of
ferrite, needle-shaped residual austenite, a martensite/austenite composite structure, and block-shaped martensite. The
areafraction of the ferrite may be 30 to 60 %, the area fraction of the needle-shaped residual austenite may be 5to 12 %, the
area fraction of the martensite/austenite composite structure may be 25 to 50 %, and the area fraction of the block-shaped
martensite may be 5 to 12 %.

[0051] Within the range of ingredients described in the present invention, the above-described heat treatment process
and the steel consisting of the microstructure obtained through the heat treatment process may implement a low carbon
cold rolled ultra-high-strength steel sheet having excellent formability by having a tensile strength (TS) of 980 to 1180 MPa
and an elongation (El): of 23 to 25 %.

[0052] Hereinafter, the annealing process described above is described with reference to the drawings.
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[0053] FIG.2include diagrams showing the outline of (a) firstannealing process S400 and (b) second annealing process
S500 in the method of manufacturing a cold-rolled steel sheet according to an embodiment of the present invention.

First annealing S400

[0054] Referringto FIG. 2A, the section a-b corresponds to a step of maintaining at a first annealing temperature of (Ac1
+ 30 °C) or more and (Ac3 - 30 °C) or less, the section b-c is the first half of the cooling section and corresponds to a slow
cooling process, the sections c-d is the latter half of the cooling section and corresponds to a rapid cooling process, and the
section d-e corresponds to an over-aging process. In a modified embodiment of the present invention, the slow cooling
process of the section b-c and the over-aging process of the section d-e may be omitted.

[0055] The firstannealing process may be maintained at a firstannealing temperature of (Ac1 + 30 °C) or more and (Ac3
-30°C)orless for 30 to 120 seconds. When the carbon content proposed in this embodimentis 0.2% by weight or less, the
redistribution of alloy elements must be increased compared to existing steel types to secure the tensile strength of the
steel. Accordingly, the first annealing process is performed at a dual-phase temperature range to induce primary
redistribution of alloy elements. At this time, when the annealing temperature is too low, a large amount of polygonal
ferrite is formed within the microstructure after the first annealing process, making it difficult to secure sufficient tensile
strength. When the annealing temperature exceeds (Ac3 - 30 °C), high-temperature annealing causes grain coarsening
and an increase in lean austenite fraction with low alloy elements, making it difficult to achieve the target tensile properties.
When the holding time exceeds 120 seconds, the grain size may become coarse and productivity may decrease. The
annealed cold rolling steel is cooled to a temperature of 340 °C orless ata cooling rate of 15 °C/s or more. At this time, when
the cooling end point temperature exceeds 340 °C, it is difficult to obtain a lath-shaped tissue in the second annealing
process due to carbide precipitation. When the cooling rate is less than 15 °C/s, a large amount of polygonal ferrite is
generated during cooling, which is disadvantageous in securing tensile strength.

[0056] The sections b-c is a step of slowly cooling the annealed steel sheet. When cooling the annealed steel sheet, a
slow cooling section may be included depending on heat treatment equipment. When the slow cooling section is included,
the slow cooling end point temperature or cooling speed is not specifically limited, but to prevent a large amount of
polygonal ferrite from being generated during cooling, preferably, the slow cooling end point temperature may be 740 °C or
more, and the cooling speed may be -5 °C/s or more.

[0057] The section c-dis the latter part of the cooling section and corresponds to the rapid cooling process, and is a step
of cooling the steel sheet cooled through the slow cooling process to atemperature of 340 °C orless. When cooling the first
annealed steel sheet or first cooled steel sheet, to suppress the formation of polygonal ferrite, which has a negative effect
on physical properties, and to form bainite or martensite, which is a low-temperature phase, cooling is performed at -15
°C/s or more, preferably 25 °C/s or more. The cooling rate is maintained up to a temperature of martensite transformation
onset temperature (Ms) or less, expressed in Equation (1) below. Then, cooling is performed up to room temperature
through the over-aging section of equipment. Alternatively, cooling may be performed directly up to room temperature by
omitting the over-aging section.

Ms (°C) = 491.1 - 302.6[C] - 14.5[Si] -30.6[Mn] - 16.6[Ni] - 8.9[Cr] + 2.4[Mo] - 11.3[Cu] + 8.58[Co] +

7.4[W] Equation (1)

[0058] Here, [C], [Si], [Mn], [Ni], [Cr], [Mo], [Cul], [Co], and [W] represent mass% of carbon, silicon, manganese, nickel,
chromium, molybdenum, copper, cobalt, and tungsten in the steel.

Second annealing S500

[0059] Referring to FIG. 2B, the section p-q corresponds to a step of maintaining at a second annealing temperature of
Ac1ormore and (Ac3-30 °C)orless. The section g-ris the first half of the cooling section and corresponds to a slow cooling
section. The section r-s is the second half of the cooling section and corresponds to a rapid cooling section. The section s-t
corresponds to an over-aging section. In addition, in the second annealing process shown in FIG. 2B, the dotted line profile
between bainite transformation onset temperature (Bs) and martensite transformation onset temperature (Ms) corre-
sponds to the case where a plating process is performed in a plating bath.

[0060] The second annealing process may be maintained at a second annealing temperature of Ac1 or more and (Ac3 -
30 °C) or less for 30 to 120 seconds. In addition, the second annealing temperature may be lower than the first annealing
temperature. A step of performing dual-phase annealing at a temperature of Ac1 or more and less than first annealing
temperature for 30 to 120 seconds is performed. This step is a step in which the low-temperature phase tissue generated in
first annealing S400 is reverse transformed to form lath-shaped ferrite and austenite. During annealing, reverse
transformation of the first low-temperature phase and redistribution of carbon (C) and manganese (Mn) to austenite
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occur. Accordingly, a longer annealing time is desirable for sufficient reverse transformation and alloy element redis-
tribution. However, when the annealing time increases excessively, there is a risk of decreased productivity, so the
annealing maintenance time is limited to within 30 seconds to 120 seconds. When the annealing temperature of second
annealing S500 is higher than the annealing temperature of first annealing S400, the austenite fraction generated in
second annealing is larger than the low-temperature phase fraction in the full structure. As a result, the development of
lath-shaped austenite, which undergoes reverse transformation in the low-temperature phase, is inhibited, and block-
shaped austenite is generated in an excess fraction. This block-shaped austenite reduces the phase stability of austenite
by reducing carbon (C) and manganese (Mn) that are redistributed to lath-shaped austenite. This impedes the effec-
tiveness of first annealing S400 in creating the lath-shaped tissue required to secure the elongation sought to be achieved
in the present invention. Accordingly, second annealing S500 is preferably performed at a lower temperature than first
annealing S400.

[0061] Then, ata cooling rate of 15 °C/s or more, cooling is performed to a cooling end point temperature of martensite
transformation onset temperature (Ms) or more and (bainite transformation onset temperature (Bs) - 15 °C) or less, and
over-aging is performed for 30 to 300 seconds to induce redistribution of carbon (C) and manganese (Mn) alloy elements to
increase the phase stability of residual austenite.

[0062] Bainite transformation onset temperature (Bs) may be expressed by Equation (2) below.

Equation (2)
Bs (°C) =656 - 57.7[C] - 75[S1] - 35[Mn] - 15.3[Ni] - 34[Cr] - 41.2[Mo]

[0063] Here, [C], [Si], [Mn], [Ni], [Cr], and [Mo] represent mass% of carbon, silicon, manganese, nickel, chromium, and
molybdenum in the steel.

[0064] When cooling to a temperature of martensite transformation onset temperature (Ms) or more and (bainite
transformation onset temperature (Bs) - 15 °C) or less, when the cooling rate is less than 15 °C/s, polygonal ferrite is
generated during cooling, resulting in inferior tensile properties of the final steel. Accordingly, the cooling rate should be 15
°C/s or more, preferably 25 °C/s or more.

[0065] When the cooling end pointtemperature is bainite transformation onset temperature (Bs) orless and greater than
(bainite transformation onset temperature (Bs) - 15 °C), during the maintenance step, austenite transforms into ferrite or
perlite, causing a decrease in strength and elongation. When the cooling end point temperature is less than the bainite
transformation onset temperature (Bs), due to lack of carbon redistribution, itis difficult to ensure phase stability of residual
austenite. Conversely, when the cooling end point temperature is less than the martensite transformation onset
temperature (Ms), rash martensite is created, greatly increasing the strength of the steel, but on the other hand, residual
austenite is reduced, making itimpossible to secure sufficient elongation of more than 23 %, which is the goal in the present
invention. In addition, when the retention time is less than 30 seconds, the redistribution effect may decrease due to
insufficient redistribution time, and when the retention time exceeds 300 seconds, productivity may decrease.

[0066] Aftercoolingtothe cooling end pointtemperature, over-aging is performed for 30 to 300 seconds for redistribution
of carbon (C) and manganese (Mn), and then cooling is performed to room temperature. During over-aging, the
temperature does not need to be maintained isothermally at the cooling end point temperature. Cooling may be done
as needed, but the temperature must be Ms or more to prevent the formation of fresh martensite. In addition, the cooling
rate up to room temperature is not specifically limited, but is preferably 10 °C/s or more for productivity. The redistribution
effect of carbon (C) and manganese (Mn) during over-aging varies depending on the austenite shape, and is greaterin a
needle shape than in a block shape. In the needle shape, the diffusion distance of carbon (C) and manganese (Mn) is
shorter, so diffusion occurs more easily during the same time. As shown in FIG. 9 and Table 1, as a result of analyzing the
content of carbon (C) and manganese (Mn)in needle-shaped and block-shaped tissues after over-aging, it was confirmed
that more carbon (C) and manganese (Mn) thickening occurred in the needle-shaped tissue. As a result, in the
microstructure after final cooling, needle-shaped austenite remains as a martensite/austenite composite structure,
and block-shaped austenite remains as block-shaped martensite.

[Table 1]
% by weight Needle-shaped Block-shaped
Carbon (C) 0.6+0.05 0.3+0.05
Manganese (Mn) 3.5x0.5 2.25+0.25

[0067] According to the cold-rolled steel sheet and the manufacturing method thereof according to the technical idea of
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the present invention, excellent weldability may be secured by designing using low-carbon steel containing a carbon
contentof 0.2 % by weight orless. During a heat treatment process, a sufficientamount of carbon (C) and manganese (Mn)
may be concentrated in austenite through multiple steps of redistributing alloy elements to achieve an excellent balance of
strength and elongation. By securing a tensile strength of 980 MPa or more and an elongation of 23 % or more, cold-rolled
ultra-high strength steel with excellent processability may be provided.

Experimental examples

[0068] Hereinafter, to help understand the present invention, preferred experimental examples are presented. How-
ever, the following experimental examples are only intended to help understand the present invention, and the present
invention is not limited to the following experimental examples.

1. Manufacture of specimens

[0069] In this experimental example, specimens with the alloy element composition (unit: % by weight) shown in Table 2
are provided.

[Table 2]
C Si Mn P S Al Ti N Fe
0.18 1.70 2.30 0.01 0.001 0.03 0.015 0.003 Bal.

[0070] The composition of Table 2, which is the composition of the cold-rolled steel sheet according to an embodiment of
the presentinvention, includes 0.15 to 0.20 % by weight of carbon (C), 1.0 to 2.0 % by weight of silicon (Si), 1.5 t0 3.0 % by
weight of manganese (Mn), greater than 0 % by weightand 0.02 % by weight or less of phosphorus (P), greater than 0 % by
weight and 0.003 % by weight or less of sulfur (S), 0.01 to 0.3 % by weight of aluminum (Al), greater than 0 % by weight and
0.01 % by weight or less of nitrogen (N), 48/14-[N] to 0.1 % by weight of titanium (Ti) ([N] is a content (% by weight) of
nitrogen), and the remaining iron (Fe). According to the ingredients in Table 2, the bainite transformation onset
temperature (Bs) is 437.6 °C, and the martensite transformation onset temperature (Ms) is 341.6 °C. The temperature
is calculated by the relationship below.

Bs (°C) = 656 - 57.7[C] - 75[Si] - 35[Mn] - 15.3[Ni] - 34[Cr] - 41.2[Mo]
Ms (°C) = 491.1 - 302.6[C] - 14.5[Si] - 30.6[Mn] - 16.6[Ni] - 8.9[Cr] + 2.4[Mo] - 11.3[Cu] + 8.58[Co] + 7.4[W]

[0071] Inaddition, accordingtotheingredientsin Table 2, the Ac1temperatureis 754 °C, and the Ac3 temperature is 900
°C.

[0072] Inan experimental example of the presentinvention, steel having the composition was reheated at 1250 °C for 4
hours, hot-rolled to a thickness of 3.5 mm at a finish delivery temperature (FDT) of 850 °C, and then wound at a coiling
temperature of 600 °C. Afterwards, surface layer oxidized scales was removed through pickling and cold-rolling was
performed to a thickness of 1.2 mm. Afterwards, the cold-rolled steel sheet was heat-treated twice in succession according
to the configuration disclosed in FIG. 2.

2. Process conditions and physical property evaluation

[0073] Table 3 shows the process conditions for first annealing and second annealing applied in the experimental
example of the present invention.
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[Table 3]
A. First |B.First |[C. Slow |D.Rapid|E. F. G. H. Rapid | I. Over- | J.
annealin | annealin | cooling | cooling | Over- | Second | Second |cooling |aging Over-
g g time end end aging | annealin | annealin | end end aging
tempera tempera |tempera |time |g g time tempera | tempera | time
ture ture ture tempera ture ture
ture
Example 1 850 60 800 340 180 830 60 400 360 180
Example 2 850 60 800 340 180 840 120 400 360 300
Example 3 860 60 800 340 180 830 60 400 360 180
Example 4 850 60 - 25 - 830 60 400 360 180
Comparative | 850 60 800 340 180 830 60 440 400 180
Example 1
Comparative | 850 60 800 340 180 850 60 440 400 180
Example 2
Comparative | 850 60 800 340 180 850 60 400 360 25
Example 3
Comparative | 850 60 800 340 180 850 60 320 280 180
Example 4
Comparative | 890 60 800 340 180 830 60 400 360 180
Example 5
Comparative | 910 60 800 340 180 830 60 440 400 180
Example 6
Comparative | 910 60 800 340 180 830 60 400 360 180
Example 7
Comparative | 850 60 800 340 180 870 60 400 360 180
Example 8
Comparative | - - - - - 850 60 400 360 180
Example 9

[0074] In Table 3, item A is the annealing temperature of the first annealing process S400 and corresponds to the
annealing temperature of section a-b in FIG. 2A. Item B is the annealing time of the first annealing process S400 and
corresponds to the process time of section a-b in FIG. 2A. Item C is the slow cooling end temperature of the first annealing
process S400 and corresponds to the temperature at point c, which is the end temperature of the slow cooling process in
section b-cin FIG. 2A. ltem D is the rapid cooling end temperature of the first annealing process S400 and corresponds to
the temperature at point d, which is the end temperature of the rapid cooling process in section c-d in FIG 2A. ltem E is the
over-aging time of the first annealing process S400 and corresponds to the process time of the over-aging process in
sectiond-ein FIG. 2A. In addition, item F in Table 3 is the annealing temperature of the second annealing process S500 and
corresponds to the annealing temperature of section p-qin FIG. 2B. Item G is the annealing time of the second annealing
process S500 and corresponds to the process time of section p-qin FIG. 2B. Item H is the rapid cooling end temperature of
the second annealing process S500 and corresponds to the temperature at point s, which is the end temperature of the
rapid cooling process in section r-s in FIG. 2B. ltem | is the over-aging end temperature of the second annealing process
S500 and corresponds to the temperature at pointt, which is the end temperature of the over-aging process in section s-tin
FIG. 2B. Item J is the over-aging time of the second annealing process S500 and corresponds to the process time of the
over-aging process in section s-t in FIG. 2B.

[Table 4]
A. B. Low- C. D. E. F.RA | G. H. I.Cin
Ferrite temperature Ferrite PF Lath M/A Block RA
phase F M
Example 1 43 57 53 18 35 8.9 33 5.1 1.12
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(continued)

A. B. Low- C. D. E. F.RA | G. H. I.Cin
Ferrite temperature Ferrite PF Lath M/A Block RA
phase F M

Example 2 45 55 43 13 30 9.0 38 10.0 1.15
Example 3 30 70 55 17 38 9.4 30 5.6 1.21
Example 4 37 63 56 19 37 8.3 26 9.7 1.18
Comparative Example 1 | 45 55 55 18 37 4.0 29 12.0 1.03
Comparative Example 2 | 45 55 41 10 31 4.3 41 13.7 1.07
Comparative Example 3 | 45 55 44 1" 33 4.0 39 13.0 0.94
Comparative Example 4 | 45 55 45 1" 34 3.1 35 16.9 1.15
Comparative Example 5 | 6 94 44 7 37 12.5 42 15 1.00
Comparative Example 6 | 0 100 42 4 38 13.7 35 9.3 1.00
Comparative Example 7 | 0 100 42 4 38 15.6 40 2.4 1.07
Comparative Example 8 | 45 55 40 5 35 4.0 36 20.0 1.02
Comparative Example 9 | - - 55 39 16 3.0 24 18.0 1.17

[0075] Table 4 shows the area fraction (unit: %) of the microstructure and an amount (unit: % by weight) of carbon
concentrated in the residual austenite in an experimental example of the present invention. The microstructure was
analyzed using a scanning electron microscope (SEM), and XRD analysis was used to analyze the residual austenite
fraction and carbon content in residual austenite. In Table 4, item A is the area fraction of the ferrite phase implemented
afterfirstannealing, item B is the area fraction of the low-temperature phase implemented after firstannealing, item Cis the
area fraction of the ferrite phase implemented after second annealing, item D is the area fraction of polygonal ferrite among
ferrites implemented after second annealing, item E is the area fraction of needle-shaped ferrite among ferrites
implemented after second annealing, item F is the area fraction of needle-shaped residual austenite implemented after
second annealing, item G is the area fraction of the martensite/austenite composite structure implemented after second
annealing, item H is the area fraction of the block-shaped martensite implemented after second annealing, anditem lis an
amount of carbon concentrated in the residual austenite implemented after second annealing.

[0076] Table 5 shows tensile properties in an experimental example of the present invention. Tensile properties were
evaluated by performing a tensile test according to KS No. 5 standard using Zwick/Roell Corp Z100.

[0077] InTable5,item TSrepresents tensile strength (unit: MPa), item T.E1 represents elongation (unit: %), anditem TS
X T.El represents the product (unit: MPa %) of tensile strength and elongation.

[Table 5]
TS TEl | TS X TEl
Example 1 985 | 24.3 | 23,936
Example 2 1011 | 234 | 23,657
Example 3 990 | 237 | 23,463
Example 4 1029 | 23.8 | 24,490

Comparative Example 1 1053 18.6 19,586
Comparative Example 2 1090 18.1 19,729
Comparative Example 3 1106 17.7 19,576
Comparative Example 4 1158 14.6 16,907
Comparative Example 5 968 23.8 23,038
Comparative Example 6 1022 20.8 21,258
Comparative Example 7 946 25.1 23,745
Comparative Example 8 1142 16.7 19,071
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(continued)

TS T.El TS X T.El
Comparative Example 9 1164 15.8 18,391

[0078] ReferringtoTables2to5,inthe case of Examples 1to 4, by properly performing firstannealing S400 and second
annealing S500 suggested by the present invention, a tensile strength of 980 MPa or more (e.g., 980 to 1180 MPa), an
elongation of 23 % or more (e.g., 23 t0 25 %), and tensile properties of TS x E1 22,000 MPa % or more to be achieved in the
present invention are satisfied. Referring to FIG. 3, the tissue after first annealing S400 in Example 1, that is, the full
structure, consists of 43 % ferrite and 57 % low-temperature phase, satisfying the conditions of the presentinvention (area
fraction of ferrite: 30 to 50%). The microstructure after second annealing S500in Example 1 is the same as FIG. 4. ltcan be
confirmed that ferrite, needle-shaped residual austenite, martensite/austenite composite structure, and block-shaped
martensite are composed of the target fractions of the present invention.

[0079] In Comparative Examples 1to 4, firstannealing S400 was performed at a dual-phase temperature of 850°C, and
a sufficient amount of ferrite (45%) was secured within the microstructure after first annealing. However, in second
annealing S500, the redistribution of the alloy elements was not performed smoothly, and the residual austenite fraction
and phase stability were not sufficiently secured. Accordingly, the tensile strength was sufficiently high at over 1000 MPa,
but elongation was significantly less than the 23 % desired to be achieved in the present invention.

[0080] Specifically, in the case of Comparative Examples 1 and 2, in second annealing S500, the cooling end point
temperature was above the bainite transformation onset temperature (Bs), so redistribution of carbon (C) and manganese
(Mn) was not effective during the holding time after the cooling end point. Elongation did not reach the target (23 % or
more).

[0081] In Comparative Example 3, like Examples 1 and 2, cooling was completed at a proper temperature of martensite
transformation onset temperature (Ms) or more and (bainite transformation onset temperature (Bs) - 15 °C) or less.
However, the over-aging time was short, less than 30 seconds, so sufficient redistribution was not achieved, and the
elongation was below the target (more than 23 %). In Example 2, the holding time is increased in second annealing S500
compared to Comparative Example 3. It can be seen that redistribution of carbon (C) and manganese (Mn) is sufficiently
achieved and elongation is greatly increased, and sufficient holding time is required to increase elongation.

[0082] In Comparative Example 4, the cooling end temperature in second annealing S500 is less than the martensite
transformation onset temperature (Ms). At the end of cooling, martensite was formed and the austenite fraction was
reduced, and redistribution of carbon (C) and manganese (Mn) was not effective due to low temperature, so elongation
was below the target value (23 % or more).

[0083] In Comparative Examples 5, 6, and 7, in first annealing S400, the annealing temperature is high, so the ferrite
fraction within the microstructure after firstannealing is 6 % and 0 %, respectively, which are outside the range (30 to 50%)
suggested in the present invention.

[0084] Referringto FIG. 5 showing the full structure after first annealing S400 in Comparative Example 6, by performing
single-phase annealing, it can be confirmed that the full structure is composed of a low-temperature phase after first
annealing S400. In this way, as the annealing temperature of first annealing S400 increases, the ferrite fraction in the full
structure decreases. As the low-temperature phase fraction increases, the polygonal ferrite decreases in the final
microstructure after second annealing S500, the fraction of needle-shaped ferrite and residual austenite increases,
and the fraction of block-shaped martensite decreases.

[0085] Referring to FIG. 6 showing the final microstructure of Comparative Example 7, the overall microstructure is
composed of needle-shaped ferrite, a martensite/austenite composite structure, and residual austenite. Because there is
very little block-shaped martensite that contributes to an increase in strength, in Comparative Examples 5 and 7,
elongation satisfies the target value (23 % or more) of the present invention, but tensile strength does not.

[0086] In Comparative Example 6, in second annealing S500, the cooling end temperature was set to 440 °C, which
exceeds the bainite transformation onset temperature (Bs), and the redistribution of carbon (C) and manganese (Mn) was
reduced after the end of cooling to secure the tensile strength above 1022 MPa. However, due to lack of redistribution,
elongation was below the targe value (23 % or more).

[0087] In Comparative Example 8, the annealing temperature (second annealing temperature) of second annealing
S500 is higher than the annealing temperature (first annealing temperature) of first annealing S400, which is against the
heat treatment method proposed in the present invention. When the second annealing temperature is higher than the first
annealing temperature, the austenite fraction produced in second annealing S500 is higher than the low-temperature
phase fraction of the tissue after first annealing S400. Austenite that undergoes reverse transformation in the low-
temperature phase appears in alamellar structure of needle-shaped ferrite and austenite, but austenite thatis excessively
produced due to high annealing temperature develops into a block shape. As a result, block martensite fraction increases
in the final microstructure, significantly increasing the tensile strength of the steel but reducing elongation (see FIG. 7).
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[0088] Comparative Example 9 is a case in which only conventional one-time annealing was performed, and a
microstructure consisting of block-shaped bainite, martensite, and ferrite appears, as shown in FIG. 8. High tensile
strength and low elongation are observed due to high block-shaped martensite fraction, a low martensite/austenite
composite structure, and residual austenite fraction.

[0089] According to the experimental examples described so far, when two-phase tissue consisting of ferrite and low-
temperature phase is not secured in first annealing S400, or when needle-shaped ferrite and austenite are not properly
secured in second annealing S500, it is difficult to secure the physical balance between tensile strength and elongation
targeted in the present invention.

[0090] The presentinvention has been described with reference to the embodiments thereof, but various changes or
modifications can be made by those skilled in the art. As long as these changes and modifications do not depart from the
scope of the presentinvention, they can be said to belong to the presentinvention. Therefore, the scope of the rights of the
present invention should be determined by the claims described below.

Claims

1. Acold-rolled steel sheet, comprising 0.15to 0.20 % by weight of carbon (C), 1.0 to 2.0 % by weight of silicon (Si), 1.5 to
3.0 % by weight of manganese (Mn), greater than 0 % by weight and 0.02 % by weight or less of phosphorus (P),
greaterthan 0 % by weightand 0.003 % by weight or less of sulfur (S), 0.01 to 0.3 % by weight of aluminum (Al), greater
than 0 % by weight and 0.01 % by weight or less of nitrogen (N), 48/14-[N] to 0.1 % by weight of titanium (Ti) ([N] is a
content (% by weight) of nitrogen), remaining iron (Fe), and other unavoidable impurities,

wherein afinal microstructure of the cold-rolled steel sheet consists of ferrite, needle-shaped residual austenite, a
martensite/austenite composite structure, and block-shaped martensite;

an area fraction of the ferrite is 30 to 60 %, an area fraction of the needle-shaped residual austenite is 5t0 12 %, an
area fraction of the martensite/austenite composite structure is 25 to 50 %, and an area fraction of the block-
shaped martensite is 5 to 12 %; and

an amount of carbon concentrated in residual austenite is 1.1 % by weight or more.

2. The cold-rolled steel sheet according to claim 1, wherein the ferrite is composed of polygonal ferrite and needle-
shaped ferrite, and an area fraction of the needle-shaped ferrite in the ferrite is 40 % or more.

3. Thecold-rolled steel sheetaccording to claim 1, wherein the cold-rolled steel sheet has a tensile strength (TS) 0of 980 to
1180 MPa and an elongation (El) of 23 to 25 %.

4. A method of manufacturing a cold-rolled steel sheet, comprising:

step (a) of reheating steel comprising 0.15 to 0.20 % by weight of carbon (C), 1.0 to 2.0 % by weight of silicon (Si),
1.510 3.0 % by weight of manganese (Mn), greater than 0 % by weight and 0.02 % by weight or less of phosphorus
(P), greater than 0 % by weight and 0.003 % by weight or less of sulfur (S), 0.01 to 0.3 % by weight of aluminum
(Al), greater than 0 % by weight and 0.01 % by weight or less of nitrogen (N), 48/14-[N] to 0.1 % by weight of
titanium (Ti) ([N] is a content (% by weight) of nitrogen), remaining iron (Fe), and other unavoidable impurities;
step (b) of hot-rolling the reheated steel;

step (c) of cold-rolling the hot-rolled steel;

firstannealing step (d) of maintaining the cold-rolled steel at a firstannealing temperature of (Ac1 + 30 °C) or more
and (Ac3-30 °C) or less and cooling the cold-rolled steel to a cooling end point temperature of 340 °C orless; and
second annealing step (e) of maintaining the steel ata second annealing temperature of Ac1 ormore and (Ac3- 30
°C)or less, cooling the steel to a cooling end point temperature of a martensite transformation onset temperature
(Ms) or more and (bainite transformation onset temperature (Bs) - 15 °C) or less, and performing over-aging,

wherein the second annealing temperature is lower than the first annealing temperature.

5. The method according to claim 4, wherein step (a) comprises a step of reheating the steel at 1180 to 1300 °C,
step (b) comprises a step of performing hot-rolling at a finishing rolling temperature of 850 to 950 °C and a coiling
temperature of 450 to 650 °C, and

step (c) comprises a step of performing cold-rolling at a reduction ratio of 40 to 70 %.

6. The method according to claim 4, wherein step (d) comprises a process of maintaining the cold-rolled steel at the first
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annealing temperature for 30 to 120 seconds and cooling the cold-rolled steel to a cooling end point temperature of
340 °C or less at a cooling rate of 15 °C/s or more.

The method according to claim 6, wherein, after performing step (d), an area fraction of ferrite in a microstructure of the
steel is 30 to 50%.

The method according to claim 4, wherein step (e) comprises a process of maintaining the steel at the second
annealing temperature for 30 to 120 seconds, cooling the steel to a cooling end point temperature of a martensite
transformation onset temperature (Ms) or more and (bainite transformation onset temperature (Bs)-15°C)orless ata
cooling rate of 15 °C/s or more, and performing over-aging for 30 to 300 seconds.

The method according to claim 8, wherein, after performing step (e), a microstructure of the steel is composed of
ferrite, needle-shaped residual austenite, a martensite/austenite composite structure, and block-shaped martensite;
and

an area fraction of the ferrite is 30 to 60 %, an area fraction of the needle-shaped residual austeniteis 5to 12 %, an area
fraction of the martensite/austenite composite structure is 25 to 50 %, and an area fraction of the block-shaped
martensite is 5 t0 12 %.
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FIG. 1
REHEAT —S100
HOT-ROLL —S5200
COLD-ROLL —S300
FIRST ANNEAL —S5400
SECOND ANNEAL —S500
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FIG. 2
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FIG. 3
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FIG. 4
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FIG. S
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FIG. 6
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FIG. 8
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