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Description
[Technical Field]

[0001] The present disclosure relates to super duplex stainless steel and a method for manufacturing the same, and
in particular, to super duplex stainless steel having excellent yield strength and impact toughness, wherein a reduction
ratio and a heat treatment temperature are controlled so as to improve mechanical properties.

[Background Art]

[0002] Generally, super duplex stainless steel (UNS S32750) containing 24% to 26% of chromium (Cr), 6.0% to 8.0%
of nickel (Ni), 3.0% to 5.0% of molybdenum (Mo) and 0.24% to 0.32% of nitrogen (N) is dual-phase stainless steel formed
with a dual-phase structure of austenite and ferrite, and has been used as materials of desulfurization facilities and
seawater pipes with very excellent acid resistance and mechanical properties.

[0003] A matrix structure of such super duplex stainless steel has a structure property of a ferrite phase and an austenite
phase being formed in an equal ratio. Moreover, super duplex stainless steel has great advantages of exhibiting higher
strength compared to austenitic stainless steel and exhibiting excellent resistance for pitting corrosion for chloride ions
and stress corrosion cracks.

[0004] However, super duplex stainless steel contains large quantities of chromium (Cr) and molybdenum (Mo) for
securing acid resistance, and therefore, when maintained in a 750°C to 850°C region, causes a problem of degrading
product qualities such as strengthening brittleness by readily producing a sigma phase, and significantly reducing acid
resistance.

[0005] Such a sigma phase is very quickly produced in a specific temperature range (750°C to 850°C), and therefore,
when annealing super duplex stainless steel, being delayed in a specific temperature range that readily produces a
sigma phase needs to be avoided by controlling a temperature raising rate.

[0006] In view of such a problem, "Method for continuous annealing of super duplex stainless steel with excellent
impact toughness and coil shape (Korean Patent Application Laid-Open Publication No. 10-2013-0034350)" and the
like specifically disclose a method of avoiding a temperature zone readily producing a sigma phase by raising a tem-
perature from 600°C to an annealing temperature at a temperature raising rate of 10°C/s or higher, and maintaining the
temperature at 1,060°C to 1,080°C.

[0007] The annealing method may be normally used in a hot rolled coil having a thickness of 8 mm or less, however,
the same heat treatment method may also be used in a thick plate having a thickness of 10 mm or greater. However,
there is a problem in that a phenomenon not satisfying 0.2% off-set yield strength of 550 MPa or greater over a plate
with various thicknesses from 5 mm to 50 mm frequently occurs.

[Disclosure]
[Technical Problem]

[0008] The present disclosure has been made in view of the above, and is directed to providing super duplex stainless
steel having excellent yield strength and impact toughness, wherein a reduction ratio and an annealing condition are
controlled so as to improve mechanical properties when manufacturing thick super duplex stainless steel, and a method
for manufacturing the same.

[Technical Solution]

[0009] Superduplexstainless steel having excellent yield strength and impact toughness according to one embodiment
of the present disclosure relates to thick super duplex stainless steel having a thickness of 30 mm or greater, and
includes, in weight%, Cr: 24% to 26%, Ni: 6.0% to 8.0%, Mo: 3.5% to0 5.0%, N: 0.24% to 0.32%, and the remainder being
Fe and inevitable impurities, wherein a microstructure includes a ferrite phase, an austenite phase and a secondary
austenite phase, and a grain size is 25 pm or less.

[0010] The super duplex stainless steel has the yield strength of 550 MPa or greater.

[0011] A sum of the yield strength and the impact toughness of the super duplex stainless steel is 750 or greater.
[0012] A method for manufacturing super duplex stainless steel having excellent yield strength and impact toughness
according to one embodiment of the present disclosure includes casting of preparing a slab including, in weight%, Cr:
24% to 26%, Ni: 6.0% to 8.0%, Mo: 3.5% to 5.0%, N: 0.24% to 0.32%, and the remainder being Fe and inevitable
impurities; hot rolling of hot rolling the slab to prepare a thick plate having a thickness of 30 mm or greater; temperature
raising of raising a temperature of the thick plate to an annealing temperature to precipitate a CrN phase inside a ferrite
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phase, and precipitating a sigma phase and a secondary austenite phase around the CrN phase; and annealing of
keeping the secondary austenite phase inside the ferrite phase while solid dissolving the sigma phase and the CrN
phase in the ferrite phase.

[0013] The temperature raising is raising the temperature from 700°C to the annealing temperature at a rate of at a
rate of 0.11°C/s to 0.17°C/s.

[0014] The annealing anneals for 20 minutes to 60 minutes at a temperature of 1020°C to 1060°C.

[0015] The hot rolling is rolling with a reduction ratio of 80% or greater so that a grain size of a microstructure becomes
25 um or less.

[Advantageous Effects]

[0016] According to embodiments of the present disclosure, effects of enhancing mechanical properties such as yield
strength and impact toughness of thick super duplex stainless steel are obtained by inducing CrN phase precipitation
and facilitating secondary austenite phase formation inside a ferrite phase.

[Description of Drawings]
[0017]

FIG. 1 is a graph showing formation behaviors of a sigma phase and a CrN phase depending on a temperature
raising rate when annealing.

FIG. 2 shows pictures of a microstructure at temperatures of 800°C, 1000°C and 1040°C depending on a temperature
raising rate.

FIG. 3 is a diagram showing a behavior of precipitate depending on an annealing temperature and an annealing
time, and its microstructure.

FIG. 4 is a graph showing yield strength and impact toughness depending on an annealing condition.

FIG. 5 is a graph showing a relation between a thick plate thickness (reduction ratio) and a grain size.

FIG. 6 shows pictures comparing microstructures of super duplex stainless steel having excellent yield strength and
impact toughness manufactured according to one embodiment of the present disclosure and a comparative sheet.

[Mode for Disclosure]

[0018] Hereinafter, preferred embodiments of the present disclosure will be described in detail with reference to the
accompanying drawings, however, the present disclosure is not restricted or limited by the embodiments. For reference,
in describing the present disclosure, specific descriptions on related known technologies may not be included when they
may unnecessarily evade the gist of the present disclosure, or contents considered to be obvious to those skilled in the
art may not be included.

[0019] Superduplexstainless steel having excellent yield strength and impact toughness according to one embodiment
of the present disclosure includes, in weight%, Cr: 24% to 26%, Ni: 6.0% to 8.0%, Mo: 3.5% t05.0%, N: 0.24% to 0.32%,
and the remainder being Fe and inevitable impurities.

[0020] Hereinafter, reasons for numerically limiting the content of the components according to embodiments of the
present disclosure will be described.

Cr: 24 wt% to 26 wt%

[0021] Chromium (Cr) is a ferrite-stabilizing element, and is an essential element for securing acid resistance as well
as performing a main role in securing a ferrite phase. Acid resistance increases when the chromium (Cr) content increase,
however, when added in excess of greater than 26%, the content of austenite-forming elements such as high-priced
nickel (Ni) increases for maintaining a phase fraction, and as a result, manufacturing costs increase.

[0022] Accordingly, the chromium (Cr) content is preferably limited to a range of 24 wt% to 26 wt%.

Ni: 6.0 wt% to 8.0 wt%
[0023] Nickel (Ni) is an austenite-stabilizing element together with manganese (Mn), copper (Cu) and nitrogen (N),

and performs a main role in increasing austenite phase stability. Accordingly, the content is limited to 6.0 wt% to 8.0
wt% for maintaining a phase fraction of the ferrite phase and the austenite phase.
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Mo: 3.5 wt% to 5.0 wt%

[0024] Molybdenum (Mo) is an element very effective in improving acid resistance while stabilizing ferrite together
with chromium (Cr), but has a disadvantage of being very high-priced. Accordingly, the molybdenum (Mo) content is
preferably limited to 3.5 wt% to 5.0 wt%.

N: 0.24 wt% to 0.32 wt%

[0025] Nitrogen (N) is an element greatly contributing to austenite phase stabilization together with carbon (C) and
nickel (Ni), and, as one of the elements causing thickening to the austenite phase during annealing, an increase in the
acidresistance and high strengthening may be obtained concomitantly when increasing the nitrogen (N) content, however,
when the nitrogen (N) content is excessive, surface defects caused by the generation of nitrogen pores may be induced
during casting due to an excessive nitrogen (N) solid solubility, and therefore, the nitrogen (N) content is preferably
limited to 0.24 wt% to 0.32 wt%.

[0026] In the super duplex stainless steel having excellent yield strength and impact toughness according to one
embodiment of the present disclosure, a grain size of a microstructure including a ferrite phase, an austenite phase and
a secondary austenite phase is preferably formed as 25 pm or less.

[0027] In addition, yield strength is 550 MPa or greater, and a sum of yield strength and impact toughness is 750 or
greater.

[0028] Meanwhile, a method for manufacturing super duplex stainless steel having excellent yield strength and impact
toughness according to one embodiment of the present disclosure includes a casting step of preparing a slab by con-
tinuously casting molten steel having the above-mentioned composition, a rolling step of hot rolling the slab to produce
a thick plate, a temperature raising step of heating the thick plate, and an annealing step.

[0029] In the present disclosure, when annealing the super duplex stainless steel having both an austenite phase and
aferrite phase, a temperature raising rate, annealing temperature and time, and a reduction ratio are controlled to control
a microstructure, and more specifically, by controlling a temperature raising rate in the temperature raising step, precip-
itation of a CrN phase is induced during a temperature rise, and then precipitation of a sigma phase and a secondary
austenite phase is induced around the CrN phase, and as the sigma phase precipitated in the temperature raising step
is solid dissolved inside the ferrite by controlling annealing temperature and time in the annealing step, the secondary
austenite phase remains inside the ferrite phase.

[0030] FIG. 1 is a graph showing formation behaviors of the sigma phase and the CrN phase depending on the
temperature raising rate when annealing, and FIG. 2 shows pictures of a microstructure at temperatures of 800°C,
1000°C and 1040°C depending on the temperature raising rate.

[0031] As shown in FIG. 1 and FIG. 2, the temperature raising step according to one embodiment of the present
disclosure is preferably raising the temperature from 700°C to the annealing temperature having a temperature range
of 1030°C to 1050°C at a rate of 0.11°C/s to 0.17°C/s.

[0032] This is due to the fact that a sigma phase is capable of being formed around the CrN phase while finely
precipitating the CrN phase inside the ferrite phase.

[0033] In other words, when the temperature raising rate is greater than 0.17°C/s, CrN phases are not formed inside
the ferrite phase near 800°C, and even when the temperature is raised to 900°C to 1000°C, stable sigma phase and
secondary austenite phase are formed at an interface between the ferrite phase and the austenite phase, and an effect
of achieving a microstructure may not be obtained.

[0034] Meanwhile, when the temperature raising rate is 0.17°C/s or less, CrN phases are finely formed inside the
ferrite phase near 800°C, and the CrN phases formed herein act as a nucleation site leading to a formation of sigma
phases and secondary austenite phases around the CrN phases as well as at an interface of the austenite/ferrite phases,
and as a result, a microstructure may be obtained.

[0035] FIG. 3isadiagram showing a behavior of precipitate depending on the annealing temperature and the annealing
time, and its microstructure, and FIG. 4 is a graph showing yield strength and impact toughness depending on the
annealing condition.

[0036] As shown in FIG. 3 and FIG. 4, the annealing step according to one embodiment of the present disclosure is
carried out for 20 minutes to 40 minutes at a temperature of 1020°C to 1060°C, and more preferably, the annealing step
of the present disclosure varies the annealing time depending on the annealing temperature.

[0037] Whenthe annealing temperature is from 1030°C to 1050°C, the annealing time is from 20 minutes to 40 minutes,
when the annealing temperature is from 1020°C to 1030°C, the annealing time is from 40 minutes to 60 minutes, and
when the annealing temperature is from 1050°C to 1060°C, the annealing time is from 5 minutes to 20 minutes.
[0038] As a result, by increasing the annealing time even when the temperature is low, a microstructure is obtained
by keeping the secondary austenite phase inside the ferrite phase while solid dissolving the sigma phase inside the
ferrite phase, and even with a tendency of the sigma phase and the secondary austenite phase becoming a solid solution
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as the annealing temperature increases, an effect of achieving a microstructure is obtained by keeping the secondary
austenite phase inside the ferrite phase through shortening the annealing time.

[0039] FIG. 5is a graph showing, when producing a thick plate by rolling a 150 mm slab, a relation between the thick
plate thickness (reduction ratio) and a grain size, and FIG. 6 shows pictures comparing microstructures of the super
duplex stainless steel having excellent yield strength and impact toughness manufactured according to one embodiment
of the present disclosure and a comparative sheet.

[0040] In the hot rolling step according to one embodiment of the present disclosure, a reduction ratio of the slab is
preferably 80% or greater.

[0041] As shown in FIG. 5 and FIG. 6, it is seen that, when the slab having a thickness of 150 mm is rolled to a thick
plate having a thickness of 10 mm to 35 mm, a grain size increases as a thickness of the thick plate increases.

[0042] Accordingly, a thick steel plate having a thickness of 30 mm or greater has yield strength reduced to 550 MPa,
and does not satisfy the ASTM standards. This may be improved through a method of controlling a microstructure,
however, by using areduction ratio of 82.5%, yield strength may be enhanced while forming a grain size of a microstructure
as 25 um or less.

[0043] The super duplex stainless steel having excellent yield strength and impact toughness according to one em-
bodiment of the present disclosure may have a thickness of 30 mm or greater. In other words, the present disclosure
may be useful for a thick steel plate. The upper limit of the thickness is not particularly limited, and for example, may be
100 mm, 70 mm or 50 mm.

[0044] Hereinafter, a method of controlling a structure of the super duplex steel having excellent yield strength and
impact toughness according to one embodiment of the present disclosure will be described in detail with reference to
examples.

[0045] Forsecuringyield strength of 580 MPa or greater and excellentimpact toughness while having overall properties
in the super duplex steel, the inventors of the present disclosure formed a CrN phase during heat treatment, and then
finely precipitated a sigma phase and a secondary austenite phase inside a ferrite phase, by controlling a temperature
raising rate to 0.11°C/s to 0.17°C/s or lower during annealing.

[0046] Then, annealing was carried out for 20 minutes to 60 minutes in a temperature range of 1020°C to 1060°C to
solid dissolving all the sigma phase while keeping the secondary austenite phase inside the ferrite phase, and as a
result, yield strength and impact properties of a thick plate having a thickness of 30 mm or greater were both improved.

[Table 1]
Process Variables Note
Category Slab Thickness Temperature Raising Annealing Annealing
(Reduction Ratio) Rate (°C/s) Temperature (°C) | Time (min)
A 77% 1.3 1000 20/40/60
B 77% 1.3 1020 20/40/60
C 77% 1.3 1040 20/40/60
D 77% 1.3 1060 20/40/60
E 77% 1.3 1080 20/40/60
F 77% 0.66 1000 20/40/60
G 77% 0.66 1020 20/40/60
H 77% 0.66 1040 20/40/60
| 77% 0.66 1060 20/40/60 COEsz;r;i"e
J 77% 0.66 1080 20/40/60
K 77% 0.33 1000 20/40/60
L 77% 0.33 1020 20/40/60
M 77% 0.33 1040 20/40/60
N 77% 0.33 1060 20/40/60
] 77% 0.33 1080 20/40/60
P 77% 0.17 1000 20/40/60
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(continued)
Process Variables Note
Category Slab Thickness Temperature Raising Annealing Annealing
(Reduction Ratio) Rate (°C/s) Temperature (°C) | Time (min)
Q 77% 0.17 1020 20/40/60
R 77% 0.17 1040 20/40/60
S 77% 0.17 1060 20/40/60
T 77% 0.17 1080 20/40/60
u 82.50% 0.17 1000 20/40/60
V1 20
\Y V2 82.50% 0.17 1020 40
V3 60
W 82.50% 0.17 1040 20/40/60 Example
X1 20
X X2 82.50% 0.17 1060 40
X3 60 Comparative
Example
Y 82.50% 0.17 1080 20/40/60

[0047] Table 1 shows a slab thickness (reduction ratio), a temperature raising rate, an annealing temperature and an
annealing time for various examples and comparative examples.

[0048] A steel toY steel that are examples and comparative examples were heated at a rate of 5°C/s to 700°C, and
heated at temperature raising rates of 1.3°C /s, 0.66°C/s, 0.33°C/s and 0.17°C/s from 700°C to an annealing temperature,
and the annealing temperature was 1000°C, 1020°C, 1040°C, 1060°C and 1080°C, and the annealing time was for 20
minutes, 40 minutes and 60 minutes each, and water cooling was carried out after the heat treatment.
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[0049] Table 2 shows changes in the microstructure occurring during a temperature raising process when carrying
out hot rolling and heat treatment under the conditions described in Table 1.

[0050] As shown in Table 2, it was identified that a CrN phase was not formed during the temperature raising process
in A steel to J steel having a temperature raising rate of 0.66°C/s to 1.3°C/s, and a secondary austenite phase was not
formed inside a ferrite phase as well resulting in the coarsening of the grain size, which is outside the scope of the
present disclosure.

[0051] Meanwhile, in K steel to N steel, a CrN phase was finely formed inside a ferrite phase in the temperature range
of 700°C to 800°C during the temperature raising process as the temperature raising rate becomes low of 0.33°C/s, and
a secondary austenite phase remained inside the ferrite phase in the temperature range of 1020°C to 1060°C.

[0052] Similar to K steel to N steel, a CrN phase was formed in the case of O steel, however, a secondary austenite
phase was solid dissolved and not precipitated as the annealing temperature exceeded 1080°C.

[0053] P steel to U steel had a temperature raising rate of 0.17°C/s, which tends to be similar to K steel to O steel,
however, as the amount of CrN phase precipitation increased, the remaining secondary austenite phase increased as well.
[0054] In addition, A steel to U steel had a reduction ratio of 77% resulting in the coarsening of the final microstructure
grain, and the size became greater than 25 um, which is outside the scope of the present disclosure.

[0055] Meanwhile, in V steel to X steel satisfying the embodiments of the present disclosure with a reduction ratio of
82.5%, a temperature raising rate of 0.17°C/s, and an annealing temperature of 1020°C to 1060°C, a secondary austenite
phase remained inside a ferrite phase in the temperature region of 1020°C to 1060°C while properly precipitating a CrN
phase in the temperature raising process in some of V steel and X steel and all of W steel depending on the annealing
time, and most fine structures were secured.

[0056] Meanwhile,itwas seenthat, like T steel, Y steelwas outside the scope of the present disclosure with a secondary
austenite phase being solid dissolved with an annealing temperature of 1080°C.
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[0057] Table 3 shows properties for representative steel types (T, R, W) of Table 2.

[0058] Herein, as for the yield strength, a JIS 5 tensile specimen was collected in a 90° direction of the rolling direction
and a tensile test was carried out at a crosshead speed of 20 mm/min at room temperature.

[0059] In R steel, the grain became coarse with a reduction ratio of 77%, and the size was greater than 25 pm, a
standard value, and particularly in R steel, the yield strength was 536 MPa, which was less than 550 MPa, a standard
value, and a sum of the yield strength and the impact toughness was 708 MPa, which was also less than 750 MPa, a
standard value, and it was seen that yield strength and impact toughness properties were not enhanced.

[0060] In addition, in T steel, the yield strength and a sum of the yield strength and the impact toughness satisfied the
standard values, however, the grain size was greater than 25 um, a standard value, with a reduction ratio of 77%.
[0061] Meanwhile, in W steel, the reduction ratio was 82.5%, and the annealing temperature, the annealing time and
the temperature raising rate satisfied the scope of the present disclosure, and as a result, the grain size was fine with
25 um or less, and the yield strength and the impact toughness were enhanced with the yield strength being 585 MPa
and a sum of the yield strength and the impact toughness being 778 MPa, and it was identified that mechanical properties
were enhanced compared to the comparative sheets.

[0062] As described above, the present disclosure has been described with reference to preferred embodiments,
however, it is to be understood that those skilled in the art may diversely modify and change the present disclosure
within the scope that does not depart from ideas and territories of the present disclosure described in the attached claims.

Claims

1. Super duplex stainless steel having excellent yield strength and impact toughness comprising, as thick super duplex
stainless steel having a thickness of 30 mm or greater, in weight%, Cr: 24% to 26%, Ni: 6.0% to 8.0%, Mo: 3.5% to
5.0%, N: 0.24% to 0.32%, and the remainder being Fe and inevitable impurities,
wherein a microstructure includes a ferrite phase, an austenite phase and a secondary austenite phase, and a grain
size is 25 pum or less.

2. The super duplex stainless steel having excellent yield strength and impact toughness of Claim 1, wherein the yield
strength of the super duplex stainless steel is 550 MPa or greater.

3. The super duplex stainless steel having excellent yield strength and impact toughness of Claim 2, wherein a sum
of the yield strength and the impact toughness of the super duplex stainless steel is 750 or greater.

4. A method for manufacturing super duplex stainless steel having excellent yield strength and impact toughness
comprising:

casting of preparing a slab including, in weight%, Cr: 24% to 26%, Ni: 6.0% to 8.0%, Mo: 3.5% to 5.0%, N:
0.24% to 0.32% and the remainder being Fe and inevitable impurities;

hot rolling of hot rolling the slab to produce a thick plate having a thickness of 30 mm or greater;

temperature raising of raising a temperature of the thick plate to an annealing temperature to precipitate a CrN
phase inside a ferrite phase, and precipitating a sigma phase and a secondary austenite phase around the CrN
phase; and

annealing of keeping the secondary austenite phase inside the ferrite phase while solid dissolving the sigma
phase and the CrN phase in the ferrite phase.

5. The method for manufacturing super duplex stainless steel having excellent yield strength and impact toughness
of Claim 4, wherein the temperature raising is raising a temperature from 700°C to the annealing temperature at a
rate of 0.11°C/s to 0.17°C/s.

6. The method for manufacturing super duplex stainless steel having excellent yield strength and impact toughness
of Claim 5, wherein the annealing is annealing for 20 minutes to 60 minutes at a temperature of 1020°C to 1060°C.

7. The method for manufacturing super duplex stainless steel having excellent yield strength and impact toughness

of Claim 4, wherein the hot rolling is rolling with a reduction ratio of 80% or greater so that a grain size of a micro-
structure becomes 25 pm or less.
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[Fig.3]
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[Fig. 4]
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[Fig. 6]
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