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(54) HIGH-STRENGTH STEEL PLATE HAVING EXCELLENT LOW-TEMPERATURE FRACTURE 
TOUGHNESS AND ELONGATION RATIO, AND MANUFACTURING METHOD THEREFOR

(57) A high-strength steel plate having excellent frac-
ture toughness and elongation ratio according an aspect
of the present invention comprises, by weight%,
0.05-0.1% of carbon (C), 0.05-0.5% of silicon (Si),
1.4-2.0% of manganese (Mn), 0.01-0.05% of aluminum
(Al), 0.005-0.02% of titanium (Ti), 0.002-0.01% of nitro-
gen (N), 0.04-0.07% of niobium (Nb), 0.05-0.3% of chro-
mium (Cr), 0.05-0.4% of nickel (Ni), 0.02% or less of
phosphorus (P), 0.005% or less of sulfur (S),
0.0005-0.004% of calcium (Ca), and the remainder of
iron (Fe) and unavoidable impurities, wherein a micro-
structure includes 20-60 area% of ferrite and bainite, and
the grain size of the upper 80% of the high-angle grain
sizes based on 15 degrees in the centre of the steel plate
may be 70 mm or less.
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Description

[Technical Field]

[0001] The present disclosure relates to a high-strength steel plate and a manufacturing method therefor, and more
particularly, to a high-strength steel plate for a pipeline capable of being stably used even in a harsh environment by
having high strength characteristics through optimization of a steel composition, a microstructure, and a manufacturing
process and having excellent low-temperature fracture toughness and elongation ratio, and a manufacturing method
therefor.

[Background Art]

[0002] Recently, as oilfield development has been carried out in cold regions such as Siberia and Alaska where climatic
conditions are poor, projects to transport abundant gas resources from oil-rich regions to consumption regions through
pipelines have been actively conducted. A steel used in such a pipeline project should necessarily have durability against
deformation of the pipeline due to a cryogenic temperature and frost heave (a phenomenon of pushing up the surface
of Earth when the ground freezes at the change of seasons) as well as a pressure of a transport gas, and is thus required
to have high strength characteristics and excellent drop weight tearing test (DWTT) fracture toughness, and high elon-
gation ratio characteristics.
[0003] A DWTT percent ductile fracture is a kind of index for determining whether or not a steel for a pipeline has
brittle fracture arrestability for being safely used at a low temperature. In general, the pipelines provided in the cold
regions are required to have a DWTT percent shear of 85% or more at -20°C in a pipe state. In order to secure the
DWTT percent shear of 85% or more at -20°C in a pipe state, a DWTT percent shear of a steel plate provided for
manufacturing a pipe should satisfy 85% or more at -30°C.
[0004] In general, it has been known that DWTT property has a deep association with an effective grain size of the
steel plate. The effective grain size is defined as a size of grains having a high angle grain boundary, and as the effective
grain size is refined, crack arrestability increases. The reason therefor that a propagation path of a crack changes at an
effective grain boundary when the crack is initiated and propagated.
[0005] In order to refine the effective grain size, a method of performing accelerated cooling immediately after rolling
is widely used. A mixed structure of acicular ferrite and bainite may be implemented by accelerated cooling immediately
after rolling. However, a microstructure formed through usual accelerated cooling has high hardness because carbon
(C) is supersaturated in grains, and accordingly, exhibits inferior ductility such as a uniform elongation ratio less than
9% and a total elongation ratio less than 20%. As a result, formability at the time of forming a pipe is lowered, and local
stress concentration is easily generated at the time of applying external deformation, and thus, stability of the pipe is
significantly reduced.
[0006] Therefore, in the manufacture of a steel plate for a pipeline, a manufacturing method for a steel plate for a
pipeline having excellent low-temperature fracture toughness and having excellent ductility by having a uniform elongation
ratio of 9% or more and a total elongation ratio of 28% or more by suppressing deterioration of an elongation ratio of
the steel plate manufactured by accelerated cooling has been demanded.
[0007] In the related art, there were studies on a steel plate having an excellent elongation ratio and low-temperature
fracture toughness. In this regard, Patent Literature 1 proposes a method of manufacturing a steel containing a mixed
structure of 30 of 60% of equiaxed ferrite and 40 to 70% of bainite in terms of area fraction as a microstructure by non-
recrystallized-region-rolling a steel containing nickel (Ni), niobium (Nb), and molybdenum (Mo) at a rolling reduction of
65% or more, primarily cooling the steel to a Bs temperature at a cooling rate of 15 to 30°C/s, and secondarily cooling
the steel to a temperature range of 350 to 500°C at a cooling rate of 30 to 60°C/s.
[0008] However, in Patent Document 1 in which low-temperature rolling is performed on a steel plate having a thickness
of 20 mm or more, there is a technical difficulty in applying the corresponding process condition to a steel plate having
a thickness less than 20 mm. The reason is that the steel plate having the thickness less than 20 mm is subjected to
low-temperature rolling and then cooled rapidly, and it is thus difficult to secure desired low-temperature fracture tough-
ness, strength, and elongation ratio in an entire length direction of the steel plate, particularly, at a rear end portion of
the steel plate.

(Related Art Document)

[0009] (Patent Document 1) Korean Patent Laid-Open Publication No. 10-2013-0073472 (published on 3 July, 2013)
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[Disclosure]

[Technical Problem]

[0010] An aspect of the present disclosure is to provide a high-strength steel plate having excellent low-temperature
toughness, and a manufacturing method therefor.
[0011] An aspect of the present disclosure is not limited to the abovementioned contents. Those skilled in the art will
have no difficulty in understanding an additional aspect of the present disclosure from the general contents of the present
specification.

[Technical Solution]

[0012] According to an aspect of the present disclosure, a high-strength steel plate having excellent low-temperature
fracture toughness and elongation ratio contains: by wt%, 0.05 to 0.1% of carbon (C), 0.05 to 0.5% of silicon (Si), 1.4
to 2.0% of manganese (Mn), 0.01 to 0.05% of aluminum (Al), 0.005 to 0.02% of titanium (Ti), 0.002 to 0.01% of nitrogen
(N), 0.04 to 0.07% of niobium (Nb), 0.05 to 0.3% of chromium (Cr), 0.05 to 0.4% of nickel (Ni), 0.02% or less of phosphorus
(P), 0.005% or less of sulfur (S), 0.0005 to 0.004% of calcium (Ca), remaining iron (Fe), and inevitable impurities; and
20 to 60 area% of ferrite and bainite as a microstructure, wherein a grain size of upper 80% of high angle grain sizes
based on 15° in a central portion of the high-strength steel plate is 70 mm or less.
[0013] The high-strength steel plate may further contain 0.3 wt% or less of molybdenum (Mo).
[0014] A fraction of the bainite may be 35 to 75 area%.
[0015] The microstructure of the high-strength steel plate may further contain 5 area% or less of martensite-austenite
constituent.
[0016] A yield strength of the high-strength steel plate may be 485 MPa or more.
[0017] A total elongation ratio of the high-strength steel plate may be 28% or more, and a uniform elongation ratio of
the high-strength steel plate with respect to a rolling orthogonal direction may be 9% or more.
[0018] A drop weight tearing test (DWTT) percent shear of the high-strength steel plate at -30°C with respect to a
rolling orthogonal direction of the steel plate may be 85% or more.
[0019] A thickness of the high-strength steel plate may be less than 20 mm.
[0020] According to another aspect of the present disclosure, a manufacturing method for a high-strength steel plate
having excellent low-temperature fracture toughness and elongation ratio includes: reheating a slab containing, by wt%,
0.05 to 0.1% of carbon (C), 0.05 to 0.5% of silicon (Si), 1.4 to 2.0% of manganese (Mn), 0.01 to 0.05% of aluminum (Al),
0.005 to 0.02% of titanium (Ti), 0.002 to 0.01% of nitrogen (N), 0.04 to 0.07% of niobium (Nb), 0.05 to 0.3% of chromium
(Cr), 0.05 to 0.4% of nickel (Ni), 0.02% or less of phosphorus (P), 0.005% or less of sulfur (S), 0.0005 to 0.004% of
calcium (Ca), remaining iron (Fe), and inevitable impurities; maintaining and extracting the slab; recrystallized-region-
rolling the maintained and extracted slab in a temperature range of Tnr or higher; non-recrystallized-region-rolling the
recrystallized-region-rolled material at a total reduction ratio of 30% or more; and cooling the non-recrystallized-region-
rolled steel plate to a temperature range of (Bs - 80°C) to Bs, wherein the non-recrystallized-region-roll starts in a
temperature range of Tnr or lower and ends in a temperature range of (Ar3 + 100°C) or higher.
[0021] The slab may further contain 0.3 wt% or less of molybdenum (Mo).
[0022] A reheating temperature range of the slab may be 1140 to 1200°C.
[0023] A maintaining and extracting temperature range of the slab may be 1140 to 1200°C.
[0024] The recrystallized-region-rolling may be performed in an accumulation of passes, and an average reduction
ratio of each of the passes may be 10% or more.
[0025] The recrystallized-region-rolled material may be cooled to a temperature range of Tnr or lower by air cooling.
[0026] The non-recrystallized-region-rolled steel plate may be cooled at a cooling rate of 10 to 50°C/s.
[0027] The cooling of the non-recrystallized-region-rolled steel plate may start in the temperature range of (Ar3 + 30°C)
or higher.
[0028] A thickness of the high-strength steel plate may be less than 20 mm.
[0029] The technical solution does not enumerate all of the features of the present disclosure, and various features
of the present disclosure and advantages and effects according to the various features will be understood in more detail
with reference to the following specific exemplary embodiments.

[Advantageous Effects]

[0030] As set forth above, according to an exemplary embodiment in the present disclosure, a steel plate particularly
suitable as a material for a pipeline by having high strength characteristics and having excellent low-temperature fracture
toughness and elongation ratio, and a manufacturing method therefor may be provided.
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[Description of Drawings]

[0031]

FIG. 1 is a photograph of Specimen 2 of Inventive Example observed with an optical microscope.
FIG. 2 is graphs illustrating results obtained by measuring high angle grain boundary grain sizes based on 15° of
Specimen 2 using electron backscatter diffraction (EBSD).
FIG. 3 is a photograph of Specimen 18 of Inventive Example observed with an optical microscope.
FIG. 4 is graphs illustrating results obtained by measuring high angle grain boundary grain sizes based 15° of
Specimen 18 using an EBSD.

[Best Mode for Invention]

[0032] The present disclosure relates to a high-strength steel plate having excellent low-temperature fracture toughness
and elongation ratio, and a manufacturing method therefor, and exemplary embodiments in the present disclosure will
hereinafter be described. Exemplary embodiments in the present disclosure may be modified to have several forms,
and it is not to be interpreted that the scope of the present disclosure is limited to exemplary embodiments described
below. The present exemplary embodiments are provided in order to further describe the present disclosure in detail to
those skilled in the art to which the present disclosure pertains.
[0033] Hereinafter, compositions of a steel according to the present disclosure will be described in more detail. Here-
inafter, unless otherwise indicated, % indicating a content of each element is based on weight.
[0034] A high-strength steel plate having excellent low-temperature fracture toughness and elongation ratio according
to an exemplary embodiment in the present disclosure contains: by wt%, 0.05 to 0.1% of carbon (C), 0.05 to 0.5% of
silicon (Si), 1.4 to 2.0% of manganese (Mn), 0.01 to 0.05% of aluminum (Al), 0.005 to 0.02% of titanium (Ti), 0.002 to
0.01% of nitrogen (N), 0.04 to 0.07% of niobium (Nb), 0.05 to 0.3% of chromium (Cr), 0.05 to 0.4% of nickel (Ni), 0.02%
or less of phosphorus (P), 0.005% or less of sulfur (S), 0.0005 to 0.004% of calcium (Ca), remaining iron (Fe), and
inevitable impurities.
[0035] In addition, the high-strength steel plate having excellent low-temperature fracture toughness and elongation
ratio according to an exemplary embodiment in the present disclosure may further contain, by wt%, 0.3% or less of
molybdenum (Mo).

Carbon (C): 0.05 to 0.1%

[0036] Carbon (C) is an element that is the most effective in improving strength of a steel. In addition, when an amount
of added carbon (C) is less than a predetermined level, expensive alloying elements such as molybdenum (Mo) and
nickel (Ni) need to be added in a large amount in order to secure the strength of the steel, which is not preferable in
terms of economy. In the present disclosure, a lower limit of a content of carbon (C) may be limited to 0.05% in order to
achieve such an effect. However, when carbon (C) is added in an excessive amount, it is not preferable in terms of
weldability, formability, toughness, and the like of the steel. Thus, in the present disclosure, an upper limit of the content
of carbon (C) may be limited to 0.1%. Therefore, the content of carbon (C) of the present disclosure may be in the range
of 0.05 to 0.1%, and may be more preferably in the range of 0.05 to 0.095%.

Silicon (Si): 0.05 to 0.5%

[0037] Silicon (Si) is an element useful for deoxidation of a molten steel, and is also an element that contributes to
improving strength of the steel by solid solution strengthening. In the present disclosure, a lower limit of a content of
silicon (Si) may be limited to 0.05% in order to achieve such an effect. A more preferable lower limit of the content of
silicon (Si) may be 0.1%. However, since silicon (Si) is an element having strong oxidation properties, it is preferable to
limit an upper limit of the content of silicon (Si) to a predetermined range. That is, when silicon (Si) is added in an
excessive amount, it causes red scale formation at the time of hot rolling, which is not preferable in terms of surface
quality, and has an undesirable influence on toughness of a weld zone. Thus, in the present disclosure, the upper limit
of the content of silicon (Si) may be limited to 0.5%. A more preferable upper limit of the content of silicon (Si) may be 0.4%.

Manganese (Mn): 1.4 to 2.0%

[0038] Manganese (Mn) is an element that is effective in solid solution strengthening of the steel. In the present
disclosure, a lower limit of a content of manganese (Mn) may be limited to 1.4% in order to secure high strength properties
of the steel. However, when manganese (Mn) is added in an excessive amount, a segregation portion may be formed
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over a wide range in a central portion of a thickness at the time of casting a slab in a steelmaking process, which is not
preferable in terms of weldability of a final product. Thus, in the present disclosure, an upper limit of the content of
manganese (Mn) may be limited to 2.0%. A more preferable upper limit of the content of manganese (Mn) may be 1.8%.

Aluminum (Al): 0.01 to 0.05%

[0039] Aluminum (Al) is a representative element that is added as a deoxidizing agent along with silicon (Si). In addition,
aluminum (Al) is an element that contributes to improving strength of the steel by solid solution strengthening. In the
present disclosure, a lower limit of a content of aluminum (Al) may be limited to 0.01% in order to achieve such an effect.
A more preferable lower limit of the content of aluminum (Al) may be 0.015%. However, when aluminum (Al) is excessively
added, it is not preferable in terms of impact toughness. Thus, in the present disclosure, an upper limit of the content of
aluminum (Al) may be limited to 0.05%. A more preferable upper limit of the content of aluminum (Al) may be 0.04%.

Titanium (Ti): 0.005 to 0.02%

[0040] Titanium (Ti) is an element that forms TiN precipitates in a solidification process of the steel to suppress growth
of austenite grains in a slab heating and hot rolling process, and thus refines a grain size of a final structure. In the
present disclosure, a lower limit of the content of titanium (Ti) may be limited to 0.005% in order to achieve a toughness
improvement effect of the steel according to the refinement of the final structure. A more preferable content of titanium
(Ti) may be 0.008%. However, when titanium (Ti) is excessively added, TiN is coarsely precipitated at the time of heating
the slab, which is not suitable for the refinement of the final structure. Thus, in the present disclosure, an upper limit of
the content of titanium (Ti) may be limited to 0.02%. A more preferable upper limit of the content of titanium (Ti) may be
0.018%.

Nitrogen (N): 0.002 to 0.01%

[0041] Nitrogen (N) is solid-dissolved in the steel and then precipitated to serve to increase strength of the steel, and
it is known that such a strength improvement effect is much greater than that of carbon (C). In addition, in the present
disclosure, TiN is formed through a reaction between titanium (Ti) and nitrogen (N) and it is intended to suppress growth
of grains in a reheating process. Thus, a lower limit of a content of nitrogen (N) may be limited to 0.002%. However,
when nitrogen (N) is excessively added, nitrogen (N) exists in a form of solid solution nitrogen (N) rather than a form of
TiN precipitates, so that toughness of the steel may be significantly reduced. Thus, in the present disclosure, an upper
limit of the content of nitrogen (N) may be limited to 0.01%. A preferable upper limit of the content of nitrogen (N) may
be 0.006 %, and a more preferable upper limit of the content of nitrogen (N) may be 0.005%.

Niobium (Nb): 0.04 to 0.07%

[0042] Niobium (Nb) is an element that is very useful for refining grains, and is an element that significantly contributes
to improving strength of the steel by promoting formation of acicular ferrite or bainite, which is a high-strength structure.
In addition, since high-temperature rolling is inevitable for a steel plate having a thickness less than 20 mm, which is a
target thickness in the present disclosure, niobium (Nb) that has the greatest effect on an increase in a non-recrystallization
temperature needs to be added in a predetermined amount or more. Thus, in the present disclosure, a lower limit of a
content of niobium (Nb) may be limited to 0.04%. However, when niobium (Nb) is excessively added, weldability of the
steel may be deteriorated. Thus, in the present disclosure, an upper limit of the content of niobium (Nb) may be limited
to 0.07%. A preferable upper limit of the content of niobium (Nb) may be 0.06%.

Chromium (Cr): 0.05 to 0.3%

[0043] Chromium (Cr) is an element that improves hardenability and is an element that is effective in increasing strength
of the steel. In addition, chromium (Cr) is an element that contributes to improving a uniform elongation ratio by promoting
formation of martensite-austenite constituent (MA) at the time of accelerated cooling. In the present disclosure, a lower
limit of a content of chromium (Cr) may be limited to 0.05% in order to achieve such an effect. A more preferable lower
limit of the content of chromium (Cr) may be 0.08%. However, when chromium (Cr) is excessively added, deterioration
of weldability of the steel may be caused. Thus, in the present disclosure, an upper limit of the content of chromium (Cr)
may be limited to 0.3%. A preferable upper limit of the content of chromium (Cr) may be 0.25%, and a more preferable
upper limit of the content of chromium (Cr) may be 0.2%.
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Nickel (Ni): 0.05 to 0.4%

[0044] Nickel (Ni) is an element that effectively contributes to improving toughness and strength of the steel. In the
present disclosure, a lower limit of a content of nickel (Ni) may be limited to 0.05% in order to achieve such an effect.
However, nickel (Ni) is an expensive element, and excessive addition of nickel (Ni) is not preferable in terms of economy
Thus, in the present disclosure, an upper limit of a content of nickel (Ni) may be limited to 0.4%. A preferable upper limit
of the content of nickel (Ni) may be 0.3%, and a more preferable upper limit of the content of nickel (Ni) may be 0.25%.

Phosphorus (P): 0.02% or less

[0045] Phosphorus (P) is a representative impurity element that exists in the steel, and is mainly segregated in a
central portion of the steel plate to cause a decrease in toughness of the steel, and it is thus preferable to manage
phosphorus (P) at a level as low as possible. However, in order to completely remove phosphorus (P) in the steel, an
excessive cost and time are required in the steelmaking process, which is not preferable in terms of economy. Thus, in
the present disclosure, a content of phosphorus (P) may be limited to 0.02% or less. A more preferable content of
phosphorus (P) may be 0.015% or less.

Sulfur (S): 0.005% or less

[0046] Sulfur (S) is also a representative impurity element that exists in the steel, and is an element that combines
with manganese (Mn) or the like in the steel to form nonmetallic inclusions such as MnS, and accordingly, significantly
impairs toughness and strength of the steel. Thus, it is preferable to manage sulfur (S) at a level as low as possible.
However, in order to completely remove sulfur (S) in the steel, an excessive cost and time are required in the steelmaking
process, which is not preferable in terms of economy. Thus, in the present disclosure, a content of sulfur (S) may be
limited to 0.005% or less. A more preferable content of sulfur (S) may be 0.003% or less.

Calcium (Ca): 0.0005 to 0.004%

[0047] Calcium (Ca) is an element that is effective in suppressing crack formation around nonmetallic inclusions by
spheroidizing nonmetallic inclusions such as MnS. In the present disclosure, a lower limit of a content of calcium (Ca)
may be limited to 0.0005% in order to achieve such an effect. However, when calcium (Ca) is excessively added, a large
amount of CaO-based inclusions is formed to cause a decrease in impact toughness. Thus, in the present disclosure,
an upper limit of a content of calcium (Ca) may be limited to 0.004%. A preferable upper limit of the content of calcium
(Ca) may be 0.002%.

Molybdenum (Mo): 0.3% or less

[0048] Molybdenum (Mo) is an element that is effective in securing both of high strength and high toughness by
promoting formation of bainite, which is a low-temperature transformation structure. Therefore, in the present disclosure,
molybdenum (Mo) may be selectively added in order to achieve such an effect. However, molybdenum (Mo) is an
expensive element and it is not preferable in terms of economy to add molybdenum (Mo) in an excessive amount. Thus,
in the present disclosure, an upper limit of a content of molybdenum (Mo) may be limited to 0.3%.
[0049] In the present disclosure, in addition to the steel compositions described above, the remainder may contain Fe
and inevitable impurities. The inevitable impurities may be unintentionally mixed in a general steelmaking process and
may not be completely excluded, and those skilled in a general steelmaking field may easily understand the meaning
of the inevitable impurities. In addition, the present disclosure does not entirely exclude addition of a composition other
than the steel compositions described above.
[0050] A microstructure according to the present disclosure will hereinafter be described in more detail.
[0051] The steel plate according to an exemplary embodiment in the present disclosure may contain ferrite and bainite
as a microstructure, and may further contain martensite-austenite constituent. Fractions of the ferrite and the bainite
may be 20 to 60 area% and 35 to 75 area%, respectively, and a fraction of the martensite-austenite constituent may be
5 area% or less.
[0052] The steel plate according to the present disclosure contains ferrite having a fine high angle grain boundary in
an area of 20% or more, and may thus effectively secure low-temperature drop weight tearing test (DWTT) characteristics.
In addition, the steel plate according to the present disclosure contains the ferrite in an area of 60% or less and contains
the bainite in an area of 35% or more, and may thus secure a yield strength of 485 MPa or more. However, in the present
disclosure, a fraction of the bainite may be limited to 75 area% or less in order to prevent the high angle grain boundary
from becoming excessively coarse, and accordingly, low-temperature DWTT characteristics may be effectively secured.
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In addition, the martensite-austenite constituent has an undesirable influence on the low-temperature DWTT character-
istics, and it is thus preferable to suppress a fraction of the martensite-austenite constituent as much as possible.
Therefore, in the present disclosure, the fraction of the martensite-austenite constituent may be limited to 5 area% or less.
[0053] In addition, the steel plate according to an exemplary embodiment in the present disclosure may have a grain
size of 70 mm or less in upper 80% of high angle grain sizes based on 15° in a central portion of the steel plate. That is,
in the present disclosure, effective grain sizes may be refined by refining the high angle grain sizes, and accordingly,
low-temperature DWTT characteristics may be effectively secured. Here, the central portion of the steel plate may be
interpreted as an area including a point of t/2, and may also be interpreted as an area of a point of t/4 to 3*t/4 (t: thickness
(mm) of steel plate).
[0054] The steel plate according to an exemplary embodiment in the present disclosure may have a thickness less
than 20 mm, and a more preferable thickness of the steel plate may be 16 mm or less. In addition, the steel plate
according to an exemplary embodiment in the present disclosure may have a yield strength of 485 MPa or more, a total
elongation ratio of 28% or more, and a uniform elongation ratio of 9% or more with respect to a rolling orthogonal direction,
and may have a DWTT percent ductile fracture of 85% or more at -30°C with respect to the rolling orthogonal direction
of the steel plate. Therefore, in the present disclosure, a steel plate particularly suitable as a material for a pipeline by
effectively securing strength, low-temperature fracture toughness, and an elongation ratio in spite of having the thickness
less than 20 mm may be provided.
[0055] A manufacturing method according to the present disclosure will hereinafter be described in more detail.
[0056] The high-strength steel plate having excellent low-temperature fracture toughness and elongation ratio accord-
ing to an exemplary embodiment in the present disclosure may be manufactured by reheating a slab containing, by wt%,
0.05 to 0.1% of carbon (C), 0.05 to 0.5% of silicon (Si), 1.4 to 2.0% of manganese (Mn), 0.01 to 0.05% of aluminum (Al),
0.005 to 0.02% of titanium (Ti), 0.002 to 0.01% of nitrogen (N), 0.04 to 0.07% of niobium (Nb), 0.05 to 0.3% of chromium
(Cr), 0.05 to 0.4% of nickel (Ni), 0.02% or less of phosphorus (P), 0.005% or less of sulfur (S), 0.0005 to 0.004% of
calcium (Ca), remaining iron (Fe), and inevitable impurities, maintaining and extracting the slab, recrystallized-region-
rolling the maintained and extracted slab in a temperature range of Tnr or higher, non-recrystallized-region-rolling the
recrystallized-region-rolled material at a total reduction ratio of 30% or more, and cooling the non-recrystallized-region-
rolled steel plate to a temperature range of (Bs - 80°C) to Bs.

Slab Reheating, Maintaining and Extracting

[0057] The slab according to the present disclosure has the same alloy composition as the alloy composition of the
steel plate described above, and a description of the alloy composition of the slab according to the present disclosure
is thus replaced by the description of the alloy composition of the steel plate described above.
[0058] Since the slab reheating is a process of heating a steel in order to smoothly perform the subsequent rolling
processes and secure desired physical properties of the steel plate, a heating process needs to be performed within an
appropriate temperature range according to a purpose. A lower limit of a slab reheating temperature needs to be deter-
mined in consideration of whether or not it is a temperature at which precipitated elements may be sufficiently dissolved
in the steel. In particular, since the slab according to the present disclosure essentially contains niobium (Nb) in order
to secure high strength properties, the lower limit of the slab reheating temperature may be limited to 1140°C in consid-
eration of a resoluble temperature of niobium (Nb). On the other hand, when the slab reheating temperature is excessively
high, the austenite grains become excessively coarse, which may cause a problem that grains of a final steel plate are
excessively increased. Thus, in the present disclosure, an upper limit of the slab reheating temperature may be limited
to 1200°C.
[0059] The reheated slab may be subjected to a maintaining and extracting process, if necessary, and a maintaining
and extracting temperature of the slab may be limited to a temperature range of 1140 to 1200°C for reasons similar to
those of the slab reheating temperature.

Recrystallized-Region-Rolling

[0060] The recrystallized-region-rolling may be performed in a temperature range of Tnr or more. In the present
disclosure, Tnr refers to a lower limit of a temperature range at which recrystallization of austenite occurs. That is, the
recrystallized-region-rolling may be performed in a temperature range of an austenite recrystallized region. The recrys-
tallized-region-rolling may be performed in multiple passes, and rolling may be performed at an average reduction ratio
of 10% or more per pass. The reason is that when the average reduction ratio per pass is less than 10%, a grain size
of recrystallized austenite becomes coarse, which may cause a decrease in toughness of the final steel plate.
[0061] The recrystallized-region-rolled material may be cooled to a temperature range of Tnr or lower under a cooling
condition of air cooling. That is, the recrystallized-region-rolled material is not immediately subjected to non-recrystallized-
region-rolling, and may wait for a predetermined time to be cooled to a temperature range of a non-recrystallized region
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by air cooling. The reason is that when a rolling force is applied in the corresponding section, partial recrystallization
may occur, such that a brittle fracture due to a coarse austenite grain size may occur.

Non-recrystallized-Region-Rolling

[0062] The non-recrystallized-region-rolling is performed on the recrystallized-region-rolled material. A start temper-
ature of the non-recrystallized-region-rolling may be Tnr or lower, and an end temperature of the non-recrystallized-
region-rolling may be (Ar3+100°C). The non-recrystallized-region-rolling is a process for elongating austenite produced
by recrystallized-region-rolling to be elongate and forming a deformed structure in a grain to obtain fine ferrite and bainite,
and strength, an elongation ratio and brittle fracture arrestability of the steel plate may be effectively improved by the
non-recrystallized-region-rolling.
[0063] The lower the end temperature of the non-recrystallized-zone-rolling, the higher the degree of deformation of
the austenite, which is effective in improving low-temperature fracture toughness, but when the end temperature of the
non-recrystallized-zone-rolling is excessively low, low-strength ferrite is produced, which is disadvantageous in securing
strength. Thus, in the present disclosure, the end temperature of the non-recrystallized-zone-rolling may be limited to
(Ar3 + 50°C) or higher.
[0064] In addition, a rolling reduction of the non-recrystallized-region-rolling is an important factor in securing low-
temperature toughness of the steel. In the present disclosure, the rolling reduction of the non-recrystallized-region-rolling
may be limited to 30% or more in order to secure low-temperature DWTT percent ductile fracture characteristics according
to refinement of grain sizes of a final steel. Since it is effective in improving low-temperature toughness that the rolling
reduction of the non-recrystallized-region-rolling becomes larger, an upper limit of the rolling reduction of the non-
recrystallized-region-rolling may not be limited. However, when the rolling reduction of the non-recrystallized-region-
rolling exceeds a predetermined level, an effect of the refinement of the grain size is saturated, but a rolling reduction
of the recrystallized-region-rolling is relatively decreased. Thus, in the present disclosure, the rolling reduction in the
non-recrystallized-region-rolling may be limited to 90% or less.

Cooling

[0065] The non-recrystallized-region-rolled steel plate may be cooled from a cooling start temperature of (Ar3 + 30°C)
or higher to a cooling stop temperature of (Bs - 80°C) to Bs. When the cooling start temperature is excessively low, a
large amount of ferrite having low strength is produced, and accordingly, strength of the steel plate may be significantly
decreased. Thus, in the present disclosure, the cooling may start in a temperature range of (Ar3 + 30°C) or higher.
[0066] In addition, since the steel plate according to the present disclosure has a final thickness less than 20 mm, it
is most preferable in terms of strength and an elongation ratio to stop cooling in a temperature range of (Bs - 80°C) to
Bs. The reason is that when the cooling stop temperature is lower than (Bs - 80°C), acicular ferrite and bainite having
a high angle grain boundary formed to be coarse and a low angle grain boundary are formed in a large amount, such
that an elongation ratio may be decreased, and when the cooling stop temperature exceeds Bs, an amount of bainite
produced is small, such that strength of the steel plate may not be secured. The steel plate may be quenched to the
cooling stop temperature of (Bs - 80°C) to Bs, then cooled to room temperature by air cooling or radiation cooling.
[0067] In addition, the cooling of the present disclosure may be performed at a cooling rate of 10 to 100°C/s. The
reason is that when the cooling rate is less than 10°C/s, a fraction of equiaxed ferrite is significantly increased, such that
high strength characteristics of the steel plate may not be effectively secured. In terms of a facility condition and economy,
an upper limit of the cooling rate may be limited to 100°C/s, and a more preferable upper limit of the cooling rate may
be 50°C/s.
[0068] The steel plate manufactured by the manufacturing method described above may contain ferrite and bainite
as a microstructure, and may further contain martensite-austenite constituent. Fractions of the ferrite and the bainite
may be 20 to 60 area% and 35 to 75 area%, respectively, and a fraction of the martensite-austenite constituent may be
5 area% or less. In addition, the steel plate manufactured by the manufacturing method described above may have a
grain size of 70 mm or less in upper 80% of high angle grain sizes based on 15° in a central portion of the steel plate.
[0069] Therefore, the steel plate manufactured by the manufacturing method described above may have a thickness
less than 20 mm, and may have a yield strength of 485 MPa or more, a total elongation ratio of 28% or more, and a
uniform elongation ratio of 9% or more with respect to a rolling orthogonal direction, and may have a DWTT percent
ductile fracture of 85% or more at -30°C with respect to the rolling orthogonal direction of the steel plate. Therefore,
according to the manufacturing method according to an exemplary embodiment in the present disclosure, a steel plate
particularly suitable as a material for a pipeline by effectively securing strength, low-temperature fracture toughness,
and an elongation ratio in spite of having the thickness less than 20 mm may be provided.
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[Mode for Invention]

[0070] Hereinafter, the present disclosure will be described in more detail through Inventive Example. However, it is
to be noted that Inventive Example to be described later is for illustrating and embodying the present disclosure and is
not intended to limit the scope of the present disclosure.

(Inventive Example)

[0071] Slabs having alloy compositions of Table 1 and having a thickness of 250 mm were manufactured, and steel
plate specimens having thicknesses of 11 mm, 11.5 mm, and 22 mm, respectively, were manufactured by applying
process conditions of Table 3. In this case, the slabs were manufactured by applying process conditions used for
manufacturing a general slab, and recrystallized-region-rolling was performed by applying a condition of an average
rolling reduction per pass of 10% or more in a temperature range of Tnr or higher for all specimens. In addition, air
cooling to a non-recrystallized region temperature range after the recrystallized-region-rolling was applied to all speci-
mens. An Tnr temperature, an Ar3 temperature, and a Bs temperature were calculated on the basis of each alloy
composition in Table 1 and shown in Table 2, and Equations used for calculating the Tnr temperature, the Ar3 temperature,
and the Bs temperature of Table 2 were separately described below Table 2.
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[0072] (In Equations 1 to 3, [C], [Si], [Mn], [Al], [Ti], [Nb], [V], [Cr], [Mo], and [Cu] refer to wt% of respective alloy
compositions, and when a corresponding alloy composition is not contained, calculation is performed by replacing a
value of the corresponding alloy composition with 0.)

[Table 2]

Steel Type Tnr (°C) Ar3 (°C) Ar3 + 30 (°C) Ar3 + 100 (°C) Bs (°C) Bs - 80 (°C)

A 1014 767 797 867 659 579

B 1060 760 790 860 650 570

C 1009 771 801 871 656 576

D 985 771 801 871 657 577

E 976 776 806 876 662 582

F 985 767 797 867 662 582

G 911 772 802 872 657 577

H 963 796 826 896 683 603

I 1028 718 748 818 595 515
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[0073] For each specimen of Table 3, a microstructure, a yield strength and a tensile strength, an elongation ratio,
and a DWTT percent shear at -30°C were measured and shown in Table 4. The microstructure of each specimen was
evaluated using an optical microscope structure photograph and an electron backscatter diffraction (EBSD) grain size
distribution chart. The yield strength, the tensile strength, and the elongation ratio were evaluated by performing a room
temperature tensile test on each specimen. A yield strength and a tensile strength shown in Table 4 refer to measured
values with respect to a rolling orthogonal direction, respectively. In addition, tensile properties and a percent ductile
fracture were evaluated by performing a DWTT test at -30°C on each specimen.
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[0074] It may be confirmed that Specimens 1 to 12 satisfying the alloy composition and process conditions of the
present disclosure contain 20 to 60 area% of ferrite and 35 to 75 area% of bainite as a microstructure, contain 5 area%
or less of island martensite, and have a grain size of 70 mm or less in upper 80% of high angle grain sizes based on 15°
in a central portion of a steel plate, a yield strength of 485MPa or more, a total elongation ratio of 28% or more, a uniform
elongation ratio of 9% or more with respect to a rolling orthogonal direction, and a DWTT percent shear of 85% or more
at -30°C with respect to the rolling orthogonal direction, and thus, has physical properties particularly suitable as a
material for a pipeline provided in a cryogenic environment.
[0075] Specimens 13 to 15 and 17 are specimens in a case where the alloy composition of the present disclosure is
satisfied, but cooling is performed in a temperature range lower than the cooling start temperature or the cooling end
temperature of the present disclosure. It may be confirmed that in a case of Specimens 13 to 15 and 17, ferrite less than
20 area% and bainite more than 75 area% were formed, a grain size of upper 80% of high angle grain sizes based on
15° in a central portion of a steel plate exceeded 70 mm, and a uniform elongation ratio was thus less than 9%.
[0076] Specimen 16 is a specimen in a case where the alloy composition of the present disclosure is satisfied, but
non-recrystallized-region-rolling was performed in a temperature range lower than the end temperature of the non-
recrystallized-region-rolling of the present disclosure, and cooling started in a temperature range lower than the cooling
start temperature of the present disclosure, such that cooling ended in a temperature range higher than the cooling stop
temperature of the present disclosure. It may be confirmed that in a case of Specimen 16, ferrite more than 60 area%
was formed, such that a yield strength was less than 485 MPa.
[0077] It may be confirmed that Specimens 18 to 21, which are specimens that do not satisfy the alloy composition
and the process condition of the present disclosure, do not secure a microstructure and physical properties desired by
the present disclosure.
[0078] It may be confirmed that Specimens 22 and 23 satisfy the alloy composition of the present disclosure, but have
a thickness of a steel plate exceeding 20 mm, such that ferrite is excessively formed.
[0079] FIG. 1 is a photograph of Specimen 2 observed with an optical microscope, while FIG. 2 is graphs illustrating
results obtained by measuring high angle grain boundary grain sizes based on 15° of Specimen 2 using an EBSD. As
illustrated in the graphs of FIG. 2, it may be confirmed that an average grain size of high angle grain boundaries of
Specimen 2 is 22.3 mm and a grain size of upper 80% of the high angle grain boundaries is 40.5 mm.
[0080] FIG. 3 is a photograph of Specimen 18 observed with an optical microscope, and FIG. 4 is graphs illustrating
results obtained by measuring high angle grain boundary grain sizes based on 15° of Specimen 18 using an EBSD. As
illustrated in the graphs of FIG. 4, it may be confirmed that an average grain size of high angle grain boundaries of
Specimen 18 is 38 mm and a grain size of upper 80% of the high angle grain boundaries is 93 mm.
[0081] Therefore, according to an exemplary embodiment in the present disclosure, the steel plate particularly suitable
as the material for a pipeline by having the yield strength of 485MPa or more, the total elongation ratio of 28% or more,
the uniform elongation ratio of 9% or more with respect to the rolling orthogonal direction, and the DWTT percent ductile
fracture of 85% or more at -30°C with respect to the rolling orthogonal direction of the steel plate in spite of having a
thickness less than 20 mm, and the manufacturing method therefor may be provided.
[0082] While the present disclosure has been described in detail through exemplary embodiment, other types of
exemplary embodiments are also possible. Therefore, the technical spirit and scope of the claims set forth below are
not limited to exemplary embodiments.

Claims

1. A high-strength steel plate having excellent low-temperature fracture toughness and elongation ratio, comprising:

by wt%, 0.05 to 0.1% of carbon (C), 0.05 to 0.5% of silicon (Si), 1.4 to 2.0% of manganese (Mn), 0.01 to 0.05%
of aluminum (Al), 0.005 to 0.02% of titanium (Ti), 0.002 to 0.01% of nitrogen (N), 0.04 to 0.07% of niobium (Nb),
0.05 to 0.3% of chromium (Cr), 0.05 to 0.4% of nickel (Ni), 0.02% or less of phosphorus (P), 0.005% or less of
sulfur (S), 0.0005 to 0.004% of calcium (Ca), remaining iron (Fe), and inevitable impurities; and
20 to 60 area% of ferrite and bainite as a microstructure,
wherein a grain size of upper 80% of high angle grain sizes based on 15° in a central portion of the high-strength
steel plate is 70 mm or less.

2. The high-strength steel plate of claim 1, further comprising 0.3 wt% or less of molybdenum (Mo).

3. The high-strength steel plate of claim 1, wherein a fraction of the bainite is 35 to 75 area%.

4. The high-strength steel plate of claim 1, wherein the microstructure of the high-strength steel plate further comprises
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5 area% or less of martensite-austenite constituent.

5. The high-strength steel plate of claim 1, wherein a yield strength of the high-strength steel plate is 485 MPa or more.

6. The high-strength steel plate of claim 1, wherein a total elongation ratio of the high-strength steel plate is 28% or
more, and
a uniform elongation ratio of the high-strength steel plate with respect to a rolling orthogonal direction is 9% or more.

7. The high-strength steel plate of claim 1, wherein a drop weight tearing test (DWTT) percent ductile shear of the
high-strength steel plate at -30°C with respect to a rolling orthogonal direction of the steel plate is 85% or more.

8. The high-strength steel plate of claim 1, wherein a thickness of the high-strength steel plate is less than 20 mm.

9. A manufacturing method for a high-strength steel plate having excellent low-temperature fracture toughness and
elongation ratio, comprising:

reheating a slab comprising, by wt%, 0.05 to 0.1% of carbon (C), 0.05 to 0.5% of silicon (Si), 1.4 to 2.0% of
manganese (Mn), 0.01 to 0.05% of aluminum (Al), 0.005 to 0.02% of titanium (Ti), 0.002 to 0.01% of nitrogen
(N), 0.04 to 0.07% of niobium (Nb), 0.05 to 0.3% of chromium (Cr), 0.05 to 0.4% of nickel (Ni), 0.02% or less
of phosphorus (P), 0.005% or less of sulfur (S), 0.0005 to 0.004% of calcium (Ca), remaining iron (Fe), and
inevitable impurities;
maintaining and extracting the slab;
recrystallized-region-rolling the maintained and extracted slab in a temperature range of Tnr or higher;
non-recrystallized-region-rolling the recrystallized-region-rolled material at a total reduction ratio of 30% or more;
and
cooling the non-recrystallized-region-rolled steel plate to a temperature range of (Bs - 80°C) to Bs,
wherein the non-recrystallized-region-roll starts in a temperature range of Tnr or lower and ends in a temperature
range of (Ar3 + 100°C) or higher.

10. The manufacturing method of claim 9, wherein the slab further comprises, 0.3 wt% or less of molybdenum (Mo).

11. The manufacturing method of claim 9, wherein a reheating temperature range of the slab is 1140 to 1200°C.

12. The manufacturing method of claim 9, wherein a maintaining and extracting temperature range of the slab is 1140
to 1200°C.

13. The manufacturing method of claim 9, wherein the recrystallized-region-rolling is performed in a accumulation of
passes, and an average reduction ratio of each of the passes is 10% or more.

14. The manufacturing method of claim 9, wherein the recrystallized-region-rolled material is cooled to a temperature
range of Tnr or lower by air cooling.

15. The manufacturing method of claim 9, wherein the non-recrystallized-region-rolled steel plate is cooled at a cooling
rate of 10 to 50°C/s.

16. The manufacturing method of claim 9, wherein the cooling of the non-recrystallized-region-rolled steel plate starts
in the temperature range of (Ar3 + 30°C) or higher.

17. The manufacturing method of claim 9, wherein a thickness of the high-strength steel plate is less than 20 mm.
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