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Description
[Technical Field]

[0001] The presentdisclosure relates to a thick steel plate used in a low-temperature pressure vessel, a ship, a storage
tank, a structural steel, and the like, and a method for manufacturing the same, and more particularly, to a steel plate
having excellent PWHT resistance and low-temperature toughness for a low-temperature pressure vessel in which a
tensile strength is 600 MPa or more, and a method for manufacturing the same.

[Background Art]

[0002] As a thick plate steel material having high strength for low-temperature uses, a mixed structure including ferrite,
a martensite structure, and a bainite structure, or a nearly single-phase structure mainly consisting of bainite and ferrite,
or the like, is widely known.

[0003] Itis necessary to have high strength, since the steel material itself is usable as a structural material at the time
of construction. Meanwhile, this high strength structural steel material is required to have excellent PWHT resistance.
The high strength hot rolled steel material manufactured through a general normalizing treatment may have a mixed
structure of ferrite and pearlite. However, when a PWHT treatment is performed in a subsequent process of a steel
material having the structure, a carbide is formed along a grain boundary, and thus, strength and toughness of the steel
material are lowered, failing to guarantee physical properties required for PWHT. An example of the conventional tech-
nique regarding this is disclosed in Korean Patent Laid-Open Publication No. 2012-0011289.

[0004] The Korean Patent Laid-Open Publication suggests a high strength steel material for LPG having a strength
of 500 MPa or more including: in terms of wt%, 0.08-0.15% of C, 0.2-0.3% of Si, 0.5-1.2% of Mn, 0.01-0.02% of P,
0.004-0.006% of S, more than 0%-0.01% or less of Ti, 0.05-0.1% of Mo, 3.0-5.0% of Ni, and a balance of Fe and
inevitable impurities, characterized in that Ni and Mo are added to the steel composition component.

[0005] However, since the invention disclosed in the above-described publication is a steel material manufactured
through general normalizing, there is a problem in that deterioration of strength and toughness of the steel material after
PWHT treatment is not avoidable even in the case that Ni, or the like, is added.

[0006] Therefore, in a thick steel plate having high strength used in a low-temperature pressure vessel, a ship, a
storage tank, a structural steel, and the like, there is growing demand for development of a high strength steel material
having excellent PWHT resistance for an extended period of time.

[Related Art Document]

[0007] (Patent Document 1) Korean Patent Laid-Open Publication No. 2012-0011289
[Disclosure]

[Technical Problem]

[0008] An aspectofthe presentdisclosure is to provide a steel plate having excellent PWHT resistance for an extended
period of time and high strength of a low-temperature pressure vessel by controlling a steel composition, and cooling
and heat treatment processes to form a microstructure into a mixed structure of tempered bainite and tempered mar-
tensite, and a method for manufacturing the same.

[0009] However, technical problems to be achieved in the present disclosure are not limited to the above mentioned
problems, and other non-mentioned problems will be clearly understood by those skilled in the art from the following
descriptions.

[Technical Solution]

[0010] According to an aspect of the present disclosure, a steel plate having excellent PWHT resistance for a low-
temperature pressure vessel includes: in terms of wt%, 0.07-0.17% of C, 0.15-0.40% of Si, 0.3-0.7% of Mn, 0.012% or
less of P, 0.015% or less of S, 3.0-4.0% of Ni, 0.03-0.25% of W, and a balance of Fe and inevitable impurities, wherein
the steel plate has a microstructure including 25-80 area% of tempered bainite and a balance of tempered martensite.
[0011] The steel plate may maintain tensile strength at 600 MPa or more even when the steel plate is subjected to
PWHT for a maximum of 20 hours at 580-640°C.

[0012] The steel plate may have a Charpy impact energy value of 200J or more at -110°C even when the steel plate
is subjected to PWHT for a maximum of 20 hours at 580-640°C.
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[0013] Accordingto another aspect of the present disclosure, a method for manufacturing a steel plate having excellent
PWHT resistance for a low-temperature pressure vessel includes:

reheating a steel slab at a temperature of 1050-1250°C, the steel slab including, in terms of wt%, 0.07-0.17% of C,
0.15-0.40% of Si, 0.3-0.7% of Mn, 0.012% or less of P, 0.015% or less of S, 3.0-4.0% of Ni, 0.03-0.25% of W, and
a balance of Fe and inevitable impurities;

hot rolling the reheated steel slab and terminating the rolling at a temperature of 800°C or more to obtain a hot rolled
steel plate;

heating the hot rolled steel plate to 800-950°C, followed by water cooling at a cooling ate of 2.5-30°C/sec; and
tempering the water cooled steel plate at 550-660°C for {1.5Xt + (10-30) } minutes [wherein t is a thickness (mm)
of the steel material].

[0014] The method may furtherinclude: a PWHT process for a maximum of 20 hours at 580-640°C after the tempering.
[0015] A steel microstructure obtained by the tempering may have 25-80 area fraction % of tempered bainite and a
balance of tempered martensite.

[Advantageous Effects]

[0016] As set forth above, according to an exemplary embodiment in the present disclosure, a steel plate having
excellent PWHT resistance for a low-temperature pressure vessel, stably usable at a low temperature of about -110°C
while satisfying a tensile strength of 600 MPa or more, may be effective provided.

[Best Mode for Invention]

[0017] Hereinafter, the present disclosure will be described in detail.

[0018] First, a steel plate having excellent PWHT resistance for a low-temperature pressure vessel of the present
disclosure is described.

[0019] The steel plate of the present disclosure includes, in terms of wt%, 0.07-0.17% of C, 0.15-0.40% of Si, 0.3-0.7%
of Mn, 0.012% or less of P, 0.015% or less of S, 3.0-4.0% of Ni, 0.03-0.25% of W, and a balance of Fe and inevitable
impurities, and specific steel composition components and reasons for limiting the components are as follows.

[0020] In the present disclosure, C is preferably limited to a content of 0.07-0.17%. When the content is less than
0.07%, a self-strength of a matrix may be deteriorated. When the content is more than 0.17%, weldability of the steel
plate may be greatly deteriorated.

[0021] Siis a component to be added for a deoxidation effect, a solid-solution strengthening effect and an impact
transition temperature increasing effect, and is preferably added in a content of 0.15% or more in order to achieve these
additive effects. However, when the content of Si is more than 0.40%, the weldability is lowered and an oxide film is
excessively formed on a surface of the steel plate, such that the content thereof is preferably limited to 0.15-0.40%.
[0022] Mn forms MnS, a non-metallic inclusion elongated together with S, to lower a room temperature elongation
and a low-temperature toughness, such that a content of Mn is preferably controlled to be 0.7% or less. However, due
to characteristics of the components of the present disclosure, when the content of Mn is less than 0.3%, it is difficult to
ensure adequate strength, such that an added content of Mn is preferably limited to 0.3-0.7%.

[0023] P is an elementthat deteriorates low-temperature toughness, such that a content of P is preferably suppressed
as much as possible. However, since excessive cost is required to remove P in a steelmaking process, the content of
P may be controlled within a range of 0.012% or less.

[0024] S is also an element that adversely affects low-temperature toughness together with P, but as similar to P,
excessive cost may be required to remove S in a steelmaking process, such that the content of S may be controlled
within a range of 0.015% or less.

[0025] Niis the most effective element for improving low-temperature toughness. However, when an added content
of Ni is less than 3.0%, low-temperature toughness may be deteriorated. When the added content is more than 4.0%,
production cost may be increased. Therefore, Ni is preferably added within a range of 3.0 to 4.0%.

[0026] In the present disclosure, W is an important element that is solid-solutionized in austenite to increase curing
ability of austenite and precipitates into a carbide (W,C) matched with a matrix to increase a strength of the steel. When
W is added in a content of less than 0.03%, an addition effect may not be expected. When W is added in a content of
more than 0.25%, a coarse precipitate may be formed during a casting process to deteriorate low-temperature toughness,
such that the content of W is preferably limited to 0.03-0.25%.

[0027] Meanwhile, the steel plate of the present disclosure may have a microstructure including 25-80 area% of
tempered bainite and a balance of tempered martensite. When a fraction of the tempered bainite is less than 25%, an
amount of the tempered martensite may be excessive, and low-temperature toughness of the steel plate may be dete-
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riorated. On the other hand, when the fraction of the tempered bainite is more than 80%, it may be difficult to secure
desired strength of the steel plate.

[0028] More preferably, the microstructure may include 30-70 area fraction% of tempered bainite and a balance of
tempered martensite.

[0029] The steel plate having the above-described steel composition components and microstructure may effectively
maintain tensile strength at 600 MPa or more and have excellent low-temperature toughness even when the steel plate
is subjected to PWHT for a maximum of 20 hours at 580-640°C.

[0030] Next,amethod for manufacturing a steel plate having excellent PWHT resistance for alow-temperature pressure
vessel of the present disclosure will be described.

[0031] The method for the steel plate of the present disclosure includes: reheating a steel slab having the above-
described steel composition components at 1050-1250°C; hot rolling the reheated steel slab and terminating the rolling
at a temperature of 800°C or more to obtain a hot rolled steel plate; heating the hot rolled steel plate to 800-950°C,
followed by water cooling at a cooling rate of 2.5-30°C/sec; and tempering the water cooled steel material at 550-660°C
for {1.5Xt + (10-30)} minutes [wherein t is a thickness (mm) of the steel material] .

[0032] First, in the present disclosure, the steel slab having the steel composition component is reheated at
1050-1250°C. When a reheating temperature is less than 1050°C, a solute atom may be difficult to be solid-solutionized,
and when the reheating temperature is more than 1250°C, an austenite crystal grain size may be excessively coarse to
lower physical properties of the steel plate.

[0033] Subsequently, in the present disclosure, the reheated steel slab may be hot rolled. Specifically, in the present
disclosure, the reheated steel slab may be hot rolled, and the rolling may be terminated at a temperature of 800°C or
more. When a hot rolling temperature is less than 800°C, hot deformation resistance may increase at the time of rolling,
which may result in a load on a rolling mill.

[0034] A reduction rate per pass in the hot rolling is preferably 5-30%.

[0035] In addition, in the present disclosure, the hot rolled steel plate may be heated at 800-950°C and then water
cooled at a cooling rate of 2.5-30°C/sec.

[0036] When a heating temperature is less than 800°C, an alloy component may be difficult to be sufficiently solid-
solutionized, and when the heating temperature is more than 950°C, crystal grains may be coarsened, such that the
toughness may be deteriorated.

[0037] In addition, when the cooling rate is less than 2.5°C/sec, the martensite structure may not be obtained. On the
other hand, when the cooling rate is more than 30°C/sec, since a large amount of cooling water may be required, there
is an economic burden of requiring additional cooling equipment, such that the cooling rate is preferably limited to
2.5-30°C/sec.

[0038] Subsequently, in the present disclosure, the water cooled steel plate may be tempered.

[0039] Specifically, in the present disclosure, the water cooled steel plate may be tempered at 550-660°C for {1.5Xt
+ (10-30)} minutes [wherein t is a thickness (mm) of the steel material] . When a tempering temperature is less than
550°C, the toughness may be deteriorated by excessive strength. When the tempering temperature is more than 660°C,
strength may be excessively deteriorated.

[0040] Further, in the present disclosure, a tempering time may be determined to {1.5Xt + (10-30)} minutes [wherein
t is a thickness (mm) of the steel material], and a specific reason for the limitation is as follows.

[0041] In other words, when the tempering time is shorter than the above criteria, the tempered martensite structure
may be difficult to be obtained. On the other hand, when the tempering time is longer than the above criteria, overall
productivity may be damaged.

[0042] By the tempering heat treatment under the above-described condition, the steel microstructure including 25-80
area% of tempered bainite and a balance of tempered martensite may be obtained.

[0043] More preferably, the microstructure may include 30-70 area fraction% of tempered bainite and a balance of
tempered martensite.

[0044] Subsequently, in the present disclosure, PWHT heat treatment may be performed on the tempered steel plate
to remove stress of a welded portion after welding for manufacturing a pressure vessel. In other words, a PWHT process
for a maximum of 20 hours at 580-640°C may be further included.

[0045] When a PWHT temperature is less than 580°C, it may be difficult to remove residual stress from the welded
portion, or the like, and when the PWHT temperature is more than 640°C, strength of the steel material may be significantly
lowered. Further, when the PWHT time is more than 20 hours, strength may be excessively deteriorated.

[Mode for Invention]
[0046] Hereinafter, the present disclosure will be described in more detail through Examples.

[0047] Steel slabs having composition components shown in Table 1 below were prepared, respectively, and these
steel slabs were reheated at 1100°C. Then, the reheated steel slabs were hot rolled at a reduction rate of 15% per pass,
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and the hot rolling was terminated at 900°C to manufacture hot rolled steel plates having a predetermined thickness.
[0048] The hot rolled steel plates were heated at an austenitization temperature and water cooled under conditions
shown in Table 2 below, and subsequently, tempered at temperature and time shown in Table 2 below. In addition, the
tempered steel plates were also subjected to PWHT treatment under the conditions shown in Table 2 below.

[0049] As described above, the PWHT-treated steel plates were evaluated for yield strength, tensile strength and low
temperature toughness, and results thereof are also shown in Table 2 below. Meanwhile, in Table 2 below, the low
temperature toughness is a result of evaluating a specimen having V notch at -110°C with the Charpy impact energy
value obtained by performing the Charpy impact test.
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[Table 1]
Composition component (wt%)
Kind of steel
C Mn Si P S Ni w
Inventive steel a 0.10 | 0.62 | 0.29 | 0.009 | 0.0012 | 3.49 | 0.08
Inventive steel b 0.09 | 0.60 | 0.27 | 0.008 | 0.0010 | 3.45 | 0.11
Inventive steel ¢ 0.10 | 0.65 | 0.28 | 0.010 | 0.0011 | 3.55 | 0.18
Comparative steeld | 0.11 0.68 | 0.29 | 0.012 | 0.0012 | 3.50 -
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[0050] AsshowninTables 1and 2, itcould be appreciated thatin Inventive Examples 1-6 in which the steel composition
components and the manufacturing process conditions satisfy the range of the present disclosure, after tempering
treatment, the structure including 25-80 area fraction% of tempered bainite and a balance of tempered martensite could
be obtained, such that as compared to Comparative Examples, yield strength and tensile strength after the subsequent
PWHT were higher by about 100 MPa and 80 MPa, respectively, and -110°C low temperature toughness was also higher
by 70J or more.

[0051] On the other hand, since the comparative steel d did not contain W, strength of the steel was relatively low. In
Comparative Examples 1 and 2, since water cooling was not performed but air cooling was performed, the tempered
bainite was not generated, such that the yield strength and tensile strength after the subsequent PWHT were lower than
those of the Inventive Example, and the -110°C low temperature toughness was also lower than that of the Inventive
Example.

Claims
1. A steel plate having excellent PWHT resistance for a low-temperature pressure vessel comprising:

in terms of wt%, 0.07-0.17% of C, 0.15-0.40% of Si, 0.3-0.7% of Mn, 0.012% or less of P, 0.015% or less of S,
3.0-4.0% of Ni, 0.03-0.25% of W, and a balance of Fe and inevitable impurities,

wherein the steel plate has a steel microstructure including 25-80 area% of tempered bainite and a balance of
tempered martensite.

2. The steel plate of claim 1, wherein the steel plate maintains tensile strength at 600 MPa or more even when the
steel plate is subjected to PWHT for a maximum of 20 hours at 580-640°C.

3. The steel plate of claim 1, wherein the steel microstructure includes 30-70 area% of tempered bainite and a balance
of tempered martensite.

4. The steel plate of claim 1, wherein the steel plate has a Charpy impact energy value of 200J or more at-110°C even
when the steel plate is subjected to PWHT for a maximum of 20 hours at 580-640°C.

5. A method for manufacturing a steel plate having excellent PWHT resistance for a low-temperature pressure vessel,
the method comprising:

reheating a steel slab at a temperature of 1050-1250°C, the steel slab including, in terms of wt%, 0.07-0.17%
of C, 0.15-0.40% of Si, 0.3-0.7% of Mn, 0.012% or less of P, 0.015% or less of S, 3.0-4.0% of Ni, 0.03-0.25%
of W, and a balance of Fe and inevitable impuirities;

hot rolling the reheated steel slab and terminating the rolling at a temperature of 800°C or more to obtain a hot
rolled steel plate;

heating the hot rolled steel plate to 800-950°C, followed by water cooling; and

tempering the water cooled steel material at 550-660°C for {1.5Xt + (10-30)} minutes [wherein t is a thickness
(mm) of the steel material].

6. The method of claim 5, further comprising:
a PWHT process for a maximum of 20 hours at 580-640°C after the tempering.

7. The method of claim 5, wherein a steel microstructure obtained by the tempering has 25-80 area% of tempered
bainite and a balance of tempered martensite.

8. The method of claim 5, wherein a steel microstructure obtained by the tempering has 30-70 area% of tempered
bainite and a balance of tempered martensite.

9. The method of claim 5, wherein a reduction rate per pass in the hot rolling is 5-30%.

10. The method of claim 5, wherein a cooling rate in the water cooling is 2.5 to 30°C/sec.
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