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Description
[Technical Field]

[0001] The present disclosure relates to an austenitic high-manganese steel material and a method of manufacturing
the same, and more particularly, an austenitic high-manganese steel material having excellent cryogenic toughness and
excellent corrosion resistance, and a method of manufacturing the same.

[Background Art]

[0002] As regulations on environmental pollution have been strengthened, and depletion of petroleum energy has
been expected, demand for eco-friendly energy such as LNG and LPG has increased as alternative energy, and interest
in development of use technology has increased. As demand for low-polluting fuels such as LNG and LPG, which may
be transported in a low-temperature liquid state, has increased, development of materials for low-temperature structures
for storage and transportation thereof has been actively conducted. A material for a low-temperature structure may
require mechanical properties such as low-temperature strength and toughness, and the most representative material
for a low-temperature structure may include 9% Ni steel material or 304 stainless steel material.

[0003] 9% Ni steel material may exhibit excellent properties in terms of weldability and economic efficiency, but may
have a level of corrosion resistance similar to that of a general carbon steel material, and therefore, particularly, application
thereof in an environment accompanied with deformation and corrosion may not be preferable. Also, while a 304 stainless
steel material has excellent corrosion resistance properties; there may be technical difficulties in terms of securing
economic efficiency and low-temperature properties. Therefore, it may be urgent to develop a material having excellent
low-temperature properties and excellent corrosion resistance.

[Prior Art Document]

[0004] (Reference 1) Korean Laid-Open Patent Publication No. 10-2015-0075324 (publicized on July 3, 2015)
[Disclosure]

[Technical Problem]

[0005] An aspect of the present disclosure is to provide a cryogenic austenitic high-manganese steel material having
excellent corrosion resistance and a method of manufacturing the same.

[0006] The purpose of the present disclosure is not limited to the above description. A person skilled in the art would
have no difficulty in understanding the additional purpose of the present disclosure from the overall description in the
present specification.

[Technical Solution]

[0007] A cryogenic austenitic high-manganese steel material having excellent corrosion resistance according to an
aspect of the present disclosure includes, by weight%, 0.2-0.5% of C, 23-28% of Mn, 0.05-0.5% of Si, 0.03% or less of
P, 0.005% or less of S, 0.5% or less of Al, 3-4% of Cr, and a balance of Fe and inevitable impurities; 95 area% or more
of austenite as a microstructure; and a Cr concentration section continuously formed in an area within 50 pum from a
surface in a thickness direction, wherein the Cr concentration section includes a high Cr concentration section in which
Cr is concentrated in a relatively high concentration and a low Cr concentration section in which Cr is concentrated in
a relatively low concentration, and wherein the high Cr concentration section is distributed in a fraction of 30 area% or
less (excluding 0%) relative to an entire surface area of the Cr concentration section.

[0008] The steel material may include, by weight%, one or more elements selected from among 1% or less of Cu
(excluding 0%) and 0.0005-0.01% of B.

[0009] The high Cr concentration section may refer to an area including Cr by more than 1.5 times the Cr content of
the steel material, and the low Cr concentration section may refer to an area including Cr by more than 1 time and 1.5
times or less the Cr content of the steel material.

[0010] The high Cr concentration section may be distributed in a fraction of 10 area% or less relative to an entire
surface area of the Cr concentration section.

[0011] A grain size of austenite may be 5-150um.

[0012] Tensile strength of the steel material may be 400 MPa or more, yield strength of the steel material may be 800
MPa or more, and elongation of the steel material may be 40% or more.
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[0013] The steel material may have a Charpy impact toughness of 90J or more (based on a 10mm sample thickness)
at -196°C, and corrosion loss of 80mg/cm? or less in a corrosion resistance test according to 1S09223.

[0014] A method of manufacturing cryogenic austenitic high-manganese steel material having excellent corrosion
resistance according to an aspect of the present disclosure includes reheating a slab including, by weight%, 0.2-0.5%
of C, 23-28% of Mn, 0.05-0.5% of Si, 0.03% or less of P, 0.005% or less of S, 0.5% or less of Al, 3-4% of Cr, and a
balance of Fe and inevitable impurities, in a temperature range of 1050-1300°C; hot-rolling the reheated slab at a finishing
rolling temperature of 900-950°C, thereby providing an intermediate material; and cooling the intermediate material to
a temperature range of 600°C or less at a cooling rate of 1-100°C/s, thereby providing a final material.

[0015] The slab may further include, by weight%, one or more elements selected from among 1% or less of Cu
(excluding 0%) and 0.0005-0.01% of B.

[0016] The means for solving the above problems do not list all of the features of the present invention, and various
features of the present invention and advantages and effects thereof will be understood in greater detail with reference
to the specific embodiments as below.

[Advantageous Effects]

[0017] Accordingto preferable an aspectof the present disclosure, cryogenic austenitic high-manganese steel material
having excellent cryogenic toughness and having excellent corrosion resistance, and a method of manufacturing the
same may be provided.

[Best Mode for Invention]

[0018] The present disclosure relates to a cryogenic austenitic high-manganese steel material having excellent cor-
rosion resistance and a method of manufacturing the same, and hereinafter, preferable embodiments of the present
disclosure will be described. Embodiments of the present disclosure may be modified in various forms, and the scope
ofthe presentdisclosure should not be construed as being limited to the embodiments described below. The embodiments
are provided to further describe the present disclosure to a person skilled in the art to which the present disclosure pertains.
[0019] Hereinafter, a steel composition in the present disclosure will be described in greater detail. Hereinafter, "%"
indicating a content of each element may be based on weight unless otherwise indicated.

[0020] The cryogenic austenitic high-manganese steel material having excellent corrosion resistance according to an
aspect of the present disclosure may include 0.2-0.5% of C, 23-28% of Mn, 0.05-0.5% of Si, 0.03% or less of P, 0.005%
or less of S, 0.5% or less of Al, 3-4% of Cr, and a balance of Fe and inevitable impurities.

Carbon (C): 0.2-0.5%

[0021] Carbon (C) may be effective in stabilizing austenite in a steel material and securing strength by solid solution
strengthening. Accordingly, in the present disclosure, a lower limit of the carbon (C) content may be limited to 0.2% to
secure low-temperature toughness and strength. In other words, when the carbon (C) contentis less than 0.2%, austenite
stability may be insufficient such that stable austenite may not be obtained at cryogenic temperature, and processing
organic transformation into e-martensite and o’-martensite may easily occur by external stress such that toughness and
strength of the steel material may be reduced. When the carbon (C) content exceeds a certain range, toughness of the
steel material may be rapidly deteriorated due to precipitation of carbides, and strength of the steel material may exces-
sively increase such that workability of the steel material may significantly degrade. Thus, an upper limit of the carbon
(C) content may be limited to 0.5%. Therefore, the carbon (C) content in the present disclosure may be 0.2-0.5%. A
preferable carbon (C) content may be 0.3-0.5%, and a more preferable carbon (C) content may be 0.35-0.5%.

Manganese (Mn): 23-28%

[0022] Manganese (Mn) may be an important element which may stabilize austenite, and accordingly, in the present
disclosure, a lower limit of the manganese (Mn) content may be limited to 23% to obtain the effect as above. In other
words, since 23% or more of 23% manganese (Mn) may be included in the present disclosure, stability of austenite may
effective increase, such that the formation of ferrite, e-martensite, and o’-martensite may be inhibited, thereby effectively
securing low-temperature toughness of the steel material. When the manganese (Mn) content exceeds a certain level,
the effect of increasing stability of austenite may be saturated, but manufacturing costs may greatly increase, and internal
oxidation may excessively occur during hot-rolling, such that surface quality may be deteriorated. Thus, an upper limit
ofthe manganese (Mn) content may be limited to 28%. Accordingly, the manganese (Mn) contentin the presentdisclosure
may be 23-28%, and a more preferable manganese (Mn) content may be 23-25%.
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Silicon (Si): 0.05-0.5%

[0023] Silicon (Si) may be a deoxidizing agent as aluminum (Al) and may be inevitably added in a small amount. When
silicon (Si) is excessively added, oxide may be formed on a grain boundary such that high-temperature ductility may be
reduced, and cracks may be created such that surface quality may be deteriorated. Thus, an upper limit of the silicon
(Si) content may be limited to 0.5%. Since excessive costs may be required to reduce the silicon (Si) content in steel,
a lower limit of the silicon (Si) content may be limited to 0.05% in the present disclosure. Therefore, the silicon (Si)
content in the present disclosure may be 0.05-0.5%.

Phosphorus (P): 0.03% or less

[0024] Phosphorus (P) may be easily segregated and may cause cracking during casting or may degrade weldability.
Accordingly, in the present disclosure, an upper limit of the phosphorus (P) content may be limited to 0.03% to prevent
deterioration of castability and weldability. Also, in the present disclosure, a lower limit of the phosphorus (P) content
may not be particularly limited, but may be limit to 0.001% in consideration of steel making burden.

Sulfur (S): 0.005% or less

[0025] Sulfur (S) may cause a hot brittleness defect by forming inclusions. Accordingly, in the present disclosure, an
upper limit of the sulfur (S) content may be limited to 0.005% to inhibit hot brittleness. Also, in the present disclosure, a
lower limit of the sulfur (S) content may not be particularly limited, but may be limited to 0.0005% in consideration of
steel making burden.

Aluminum (Al): 0.05% or less

[0026] Aluminum (Al) may be a representative element added as a deoxidizer. Accordingly, in the present disclosure,
a lower limit of the aluminum (Al) content may be limited to 0.001%, and more preferably to 0.005% to obtain the effect
as above. Aluminum (Al), however, may form precipitates by reacting with carbon (C) and nitrogen (N), and hot workability
may be deteriorated by the precipitates. Thus, an upper limit of the aluminum (Al) content may be limited to 0.05%. A
more preferable upper limit of the aluminum (Al) content may be 0.045%.

Chromium (Cr): 3-4%

[0027] Chromium (Cr) may stabilize austenite in a range of an appropriate amount such that chromium (Cr) may
contribute to improving impact toughness at low temperature, and may be solid-solute in austenite and may increase
strength of the steel material. Also, chromium may effectively contribute to improving corrosion resistance of the steel
material. Therefore, in the present disclosure, 3% or more of chromium (Cr) may be added to obtain the effect as above.
However, chromium (Cr) may be a carbide-forming element and may form carbides on an austenite grain boundary,
such that low-temperature impact toughness may be reduced. Thus, an upper limit of the chromium (Cr) content may
be limited to 4% in consideration of content relationship between carbon (C) and other elements added together. Ac-
cordingly, the chromium (Cr) content in the present disclosure may be 3-4%, and a more preferable chromium (Cr)
content may be 3-3.8%.

[0028] The cryogenic austenitic high-manganese steel material having excellent scale peelability according to an
aspect of the present disclosure may further include, by weight%, one or more elements selected from among 1% or
less of Cu (excluding 0%) and 0.0005-0.01% of B.

Copper (Cu): 1% or less (excluding 0%)

[0029] Copper (Cu) may stabilize austenite together with manganese (Mn) and carbon (C), and may effectively con-
tribute to improving low-temperature toughness of the steel material. Also, copper (Cu) may have an extremely low
solubility in carbides and may be slowly diffused in austenite, such that copper (Cu) may be concentrated on an interfacial
surface between austenite and carbide and may surround a nuclei of fine carbide, thereby effectively inhibiting formation
and growth of carbides caused by additional diffusion of carbon (C). Thus, in the present disclosure, copper (Cu) may
be added to secure low-temperature toughness, and a preferable lower limit of the copper (Cu) content may be 0.3%.
A more preferable lower limit of the copper (Cu) content may be 0.4%. When the copper (Cu) content exceeds 1%, hot
workability of the steel material may be deteriorated, and in the present disclosure, an upper limit of the copper (Cu)
content may be limited to 1%. Thus, the copper (Cu) content in the present disclosure may be 1% or less (excluding
0%), and a more preferable upper limit of the copper (Cu) content may be 0.7%.



10

15

20

25

30

35

40

45

50

55

EP 3 872 212 A1
Boron (B): 0.0005-0.01%

[0030] Boron (B) may be a grain boundary strengthening element which may strengthen an austenite grain boundary,
and by even adding boron (B) in a small amount, an austenite grain boundary may be strengthened such that high-
temperature cracking sensitivity may be effectively reduced. To obtain the effect as above, in the present disclosure,
0.0005% or more of boron (B) may be added. A preferable lower limit of the boron (B) content may be 0.001%, and a
more preferable lower limit of the boron (B) content may be 0.002%. When the boron (B) content exceeds a certain
range, segregation may occur on an austenite grain boundary such that high-temperature cracking sensitivity of the
steel material may increase, and surface quality of the steel material may be degraded. Thus, in the present disclosure,
an upper limit of the boron (B) content may be limited to 0.01%. A preferable upper limit of the boron (B) content may
be 0.008%, and a more preferable upper limit of the boron (B) content may be 0.006%.

[0031] The cryogenic austenitic high-manganese steel material having excellent scale peelability according to an
aspect of the present disclosure may further include a remainder of Fe and inevitable impurities in addition to the elements
described above. In a general manufacturing process, inevitable impurities may be inevitably added from raw materials
oran ambientenvironment, and thus, impurities may not be excluded. A person skilled in the art of a general manufacturing
process may be aware of the impurities, and thus, the descriptions of the impurities may not be provided in the present
disclosure. Also, addition of effective elements other than the above composition may not be excluded.

[0032] The cryogenic austenitic high-manganese steel material having excellent corrosion resistance according to an
aspect of the present disclosure may include 95 area% or more of austenite as a microstructure, thereby effectively
securing cryogenic toughness of the steel material. An average grain size of austenite may be 5-150 wm. An average
grain size of austenite implementable in the manufacturing process may be 5 wm or more, and when the average grain
size increases significantly, strength of the steel material may be reduced. Thus, the grain size of austenite may be
limited to 150 wm or less.

[0033] The cryogenic austenitic high-manganese steel material having excellent corrosion resistance according to an
aspect of the present disclosure may include carbide and/or e-martensite as a possible structure other than austenite.
When a fraction of carbide and/or e-martensite exceeds a certain level, toughness and ductility of the steel material may
be rapidly deteriorated. Thus, in the present disclosure, the fraction of carbide and/or e-martensite may be limited to 5
area% or less.

[0034] The cryogenic austenitic high-manganese steel material having excellent corrosion resistance according to an
aspect of the present disclosure may include a Cr concentration section continuously formed in an area within 50 pm
from a surface in a thickness direction of the steel material. The Cr concentration section may refer to an area having
a high Cr content as compared to the Cr content of the entire steel material.

[0035] The inventor of the present disclosure has conducted in-depth research on a Cr-added steel material in relation
to a measure for improving corrosion resistance of a high manganese steel material, and as a result, it has been confirmed
that, even when the same amount of Cr is added to the steel material, corrosion resistance properties may differ depending
on the distribution of the Cr content in the Cr concentration section formed on the surface side of the steel material. In
other words, in the case of Cr-added high manganese steel material, the Cr in steel may be concentrated in a surface
layer of the steel material due to heating during the manufacturing process such that a Cr concentration section may be
formed, and an aspect of Cr distribution in the Cr concentration section may be varied depending on heating conditions.
Also, although it may be difficult to prove the exact mechanism, it has been indicated that, as for high manganese steel
to which the same content of Cr is added, a steel material in which the Cr content in the Cr concentration section is
uniformly distributed had further improved corrosion resistance properties as compared to a steel material in which a
large amount of Cris locally concentrated in the Cr concentration section. Therefore, the inventor of the present disclosure
added Cr within an optimum range to secure corrosion resistance and low temperature properties of the steel material,
and conducted an in-depth study on the surface layer Cr concentration conditions in which optimum corrosion resistance
may be implemented even within the corresponding Cr content range, and completed the present disclosure.

[0036] The Cr concentration section in the present disclosure may be formed in an area within 50 wm in the thickness
direction from the surface of the steel material, and may be continuously formed in the entire surface layer direction of
the steel material. In other words, the Cr concentration section may include a case in which the Cr concentration section
is formed directly below the surface of the steel material, and also a case in which the Cr concentration section is formed
in contact with the surface of the steel material or is formed to form the surface of the steel material.

[0037] The Cr concentration section may include a high Cr concentration section in which Cr is concentrated in a
relatively high concentration and a low Cr concentration section in which Cr is concentrated in a relatively low concen-
tration. The high Cr concentration section may refer to an area including Cr by more than 1.5 times the Cr content of
the steel material, and the low Cr concentration section may refer to an area including Cr by more than 1 time and 1.5
times or less the Cr content of the steel material. For example, in a steel material having the Cr content of 3.4% in the
entire steel material, an area in which the Cr content is measured as 6% may be classified as the high Cr concentration
section, and an area in which the Cr content is measured 4% may be classified as the low Cr concentration section.
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Also, since a heating process is essentially involved in the process of manufacturing the steel material, the surface layer
of the steel material may exhibit a Cr content relatively higher than that of the entire steel material. Therefore, in the
present disclosure, the Cr concentration section may refer to an area including Cr by more than 1 times as compared
to the Cr content of the steel material. The Cr concentration in the surface layer of steel material may be measured with
a scanning electron microscope (SEM). Also, the area fractions of the high Cr concentration section and the low Cr
concentration section may be calculated from the results of observation using a scanning electron microscope.

[0038] On the surface of the steel material, when Cr is locally concentrated in a partial area of the surface portion, a
relatively low concentration of Cr may be distributed in the other area of the surface portion. Therefore, a corrosion
resistance effect may be relatively lowered in an area other than the area in which Cr is locally concentrated, and thus,
it may be preferable to distribute Cr evenly in the surface layer of the steel material. In terms of securing corrosion
resistance, preferably, the high Cr concentration section in the present disclosure may be provided in a fraction of 30
area% or less (excluding 0%) relative to the entire area of the Cr concentration section, and may be provided in a fraction
of 10 area% or less more preferably.

[0039] The cryogenic austenitic high-manganese steel material having excellent corrosion resistance according to an
aspect of the present disclosure may have tensile strength of 400 MPa or more, yield strength of 800 MPa or more, and
elongation of 40% or more. Also, the cryogenic austenitic high-manganese steel material having excellent corrosion
resistance according to an aspect of the present disclosure may have Charpy impact toughness of 90J or more (based
on a 10mm sample thickness) at-196°C, and corrosion loss of 80mg/cm?2 or less in a corrosion resistance test according
to 1S09223. Accordingly, both excellent cryogenic properties and excellent corrosion resistance properties may be
provided.

[0040] Hereinafter, the manufacturing method in the present disclosure will be described in greater detail.

[0041] A method of manufacturing a cryogenic austenitic high-manganese steel material having excellent corrosion
resistance according to an aspect of the present disclosure may include reheating a slab including, by weight%, 0.2-0.5%
of C, 23-28% of Mn, 0.05-0.5% of Si, 0.03% or less of P, 0.005% or less of S, 0.5% or less of Al, 3-4% of Cr, and a
balance of Fe and inevitable impurities, in a temperature range of 1050-1300°C; hot-rolling the reheated slab at a finishing
rolling temperature of 900-950°C, thereby providing an intermediate material; and cooling the intermediate material to
a temperature range of 600°C or less at a cooling rate of 1-100°C/s, thereby providing a final material.

Reheating slab

[0042] Since the slab provided in the manufacturing method in the present disclosure corresponds to the steel com-
position of the austenitic high-manganese steel material described above, the description of the steel composition of
the slab may be replaced with the description of the steel composition of the austenitic high-manganese steel material
described above

[0043] The slab provided in the above-described steel composition may be reheated in a temperature range of
1050-1300°C. When the reheating temperature is less than a certain range, there may be a problemin which an excessive
rolling load may be applied during hot-rolling, or an alloy component may not be sufficiently solid solute. Therefore, in
the presentdisclosure, a lower limit of the slab reheating temperature range may be limited to 1050°C. When the reheating
temperature exceeds a certain range, grains may excessively grow such that strength of the steel material may be
deteriorated, or the reheating may be performed by exceeding a solidus temperature of the steel material such that hot-
rolling properties of the steel material may be deteriorated. Thus, an upper limit of the reheating temperature range may
be limited to 1300°C.

Hot-rolling

[0044] The hot-rolling process may include a rough-rolling process and a finishing rolling process, and the reheated
slab may be hot-rolled and may be provided as an intermediate material. In this case, preferably, the finish hot-rolling
may be performed in a temperature range of 900-950°C. When the finishing hot-rolling temperature is excessively low,
mechanical strength may increase, whereas low-temperature impact toughness may be deteriorated, and thus, in the
present disclosure, the finishing hot-rolling temperature may be limited to 900°C or higher. Also, when the finishing hot-
rolling temperature is excessively high, low-temperature impact toughness may improve, whereas the local Cr concen-
tration tendency of the surface layer portion of the steel material may increase, and thus, in the present disclosure, the
finishing hot-rolling temperature may be limited to 950°C in terms of securing corrosion resistance.

Cooling

[0045] The hot-rolled intermediate material may be cooled to a cooling stop temperature of 600°C or less at a cooling
rate of 1-100°C/s. When the cooling rate is less than a certain range, a decrease in ductility of the steel material and
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deterioration of abrasion resistance may become problems due to carbides precipitated on a grain boundary during
cooling, and thus, in the present disclosure, the rate of cooling the hot-rolled material may be limited to 10°C/s or more.
The higher the cooling rate is, the more advantageous the effect of inhibiting carbide precipitation may be, but in con-
sideration of a situation in which it may be difficult to implement a cooling rate exceeding 100°C/s in general cooling in
terms of characteristics of facility, an upper limit of the cooling rate may be limited to 100°C/s in the present disclosure.
Accelerated cooling may be applied to the cooling in the present disclosure.

[0046] Also, even when the intermediate material is cooled by applying a cooling rate of 10°C/s or more, when the
cooling is stopped at a high temperature, it may be highly likely that carbides may be created and grown, and thus, in
the present disclosure, the cooling stop temperature may be limited to 600°C or less.

[0047] The austenitic high-manganese steel material manufactured as above may include a Cr concentration section
continuously formed in an area within 50 wm from a surface in a thickness direction, the Cr concentration section may
include a high Cr concentration section in which Cr is concentrated in a relatively high concentration and a low Cr
concentration section in which Cr is concentrated in a relatively low concentration, and the high Cr concentration section
may be distributed in a fraction of 30 area% or less (excluding 0%) relative to an entire surface area of the Cr concentration
section.

[0048] Also, the austenitic high-manganese steel material manufactured as above may have tensile strength of 400
MPa or more, yield strength of 800 MPa or more, and elongation of 40% or more, and the steel material may have a
Charpy impact toughness of 90J or more (based on a 10mm sample thickness) at-196°C, and corrosion loss of 80mg/cm?
or less in a corrosion resistance test according to 1S09223.

[Best Mode for Invention]
(Embodiment)

[0049] A slab provided in the alloy composition as in Table 1 was prepared, and each sample was manufactured by
applying the manufacturing process as in Table 2.

[Table 1]
Alloy composition (weight%)
Classification
C Si Mn Cr P S Al Cu

Stee 1type1 | 046 | 0.33 | 24.0 | 342 | 0.013 | 0.002 | 0.024 | 0.50
Stee1type2 | 045 | 028 | 24.1 | 3.21 | 0.014 | 0.001 | 0.024 | 043

Stee 1type3 | 042 | 0.26 | 23.9 - 0.018 | 0.002 | 0.028 | 0.38
[Table 2]
Heating slab Hot-rolling
Sa’\r'r(]’r-)le Classification terzl:)ren;(zjre Dischargingo ::eirr:zr;rr(:tlliﬂ‘g thizlinnaelss "act:g (z‘l’lg?s)
C) Temperature (°C) °C) (mm)
1 Steel type 1 1218 1169 900 25 25
2 Steel type 2 1225 1172 910 24 21
3 Steel type 1 1218 1165 925 38 26
4 Steel type 2 1225 1160 942 24 19
5 Steel type 2 1225 1162 918 22 21
6 Steel type 3 1220 1158 890 25 23
7 Steel type 3 1221 1160 932 25 22
8 Steel type 3 1220 1160 959 22 22
9 Steel type 2 1211 1154 969 40 20
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(continued)
Heating slab Hot-rolling
Sample P Furnace Finish rollin Final Cooling
Classification ; ; 9 Ina .
No. temperature Terasgraa;;?‘g?" <) temper ature thickness rate (°C/s)
(°C) (°C) (mm)
10 Steel type 2 1215 1161 852 40 21

[0050] Tensile properties and impact toughness of each sample were evaluated, and the results thereof are listed in
Table 3. Tensile properties of each sample were evaluated by conducting a test at room temperature according to ASTM
A370, and impact toughness was measured at -196°C by processing into impact samples having a thickness of 10 mm
according to the conditions of the same standard. Also, the Cr concentration section of the surface layer portion was
observed using a scanning electron microscope (SEM) for each sample, and an area fraction of the high Cr concentration
section relative to the surface area of the sample was calculated. Also, in accordance with the 1SO9223 corrosion
reduction test conditions, for each sample, a mild steel material standard sample and an each evaluation sample were
exposed under wet conditions (50°C, 95%RH), corrosion was performed until the time point (takes 70 days) in which
the corrosion amount of the mild steel material standard sample reach 1 year corrosion amount (52.5 mg/cm?2) of
atmospheric corrosion, and corrosion loss of the evaluation sample was analyzed.

[Table 3]
Tensile properties iracti
Sample | Classif - - C Ic::]re;:::)n High Cr concentrat Corrosion
P . Yield Tensile Elongati P ion secti on Fraction loss
No. cation | strength | streng th toughness (J, @- 0 2
on (%) R (area %) (mg/cm #)
(MPa) (MPa) 196°C)
1 Stee 1 485 868 57 105 6 55
type 1
2 Stee 1 454 867 56 106 7 59
type 2
3 Stee 1 483 872 59 108 11 62
type 1
4 Stee 1 446 852 54 103 14 67
type 2
5 Stee 1 471 878 57 08 13 65
type 2
6 Stee 1 441 858 55 96 ; 105
type 3
7 Stee 1 425 851 56 101 ; 112
type 3
8 Stee 1 325 782 60 112 ; 118
type 3
9 Stee 1 351 792 66 125 37 01
type 2
10 Stee 1 590 945 39 82 8 57
type 2

[0051] Asindicated in Tables 1 to 3, it has been indicated that samples 1 to 5 satisfying the alloy composition and the
process conditions of the present disclosure satisfied yield strength of 400 MPa or more, tensile strength of 800 MPa
or more, elongation of 40% or more, and Charpy impact toughness (based on 10mm sample thickness) of 90J or more
at -196°C, and that the fraction of high Cr concentration section satisfied 30 area% or less, such that corrosion loss in
the corrosion test of ISO9223 was 80mg/cm? or less. Samples 6 to 10 which did not satisfy any one or more of the alloy
composition or the process conditions of the present disclosure did not satisfy any one or more of the physical properties.
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[0052] While the example embodiments have been illustrated and described above, it will be apparent to those skilled
in the art that modifications and variations could be made without departing from the scope of the present disclosure as
defined by the appended claims.

Claims
1. A cryogenic austenitic high-manganese steel material having excellent corrosion resistance, comprising:

by weight%, 0.2-0.5% of C, 23-28% of Mn, 0.05-0.5% of Si, 0.03% or less of P, 0.005% or less of S, 0.5% or
less of Al, 3-4% of Cr, and a balance of Fe and inevitable impurities; 95 area% or more of austenite as a
microstructure; and

a Cr concentration section continuously formed in an area within 50 um from a surface in a thickness direction,
wherein the Cr concentration section includes a high Cr concentration section in which Cr is concentrated in a
relatively high concentration and a low Cr concentration section in which Cr is concentrated in a relatively low
concentration, and

wherein the high Cr concentration section is distributed in a fraction of 30 area% or less (excluding 0%) relative
to an entire surface area of the Cr concentration section.

2. The steel material of claim 1, further comprising:
by weight%, one or more elements selected from among 1% or less of Cu (excluding 0%) and 0.0005-0.01% of B.

3. The steel material of claim 1,
wherein the high Cr concentration section refers to an area including Cr by more than 1.5 times the Cr content of
the steel material, and
wherein the low Cr concentration section refers to an area including Cr by more than 1 time and 1.5 times or less
the Cr content of the steel material.

4. The steel material of claim 1, wherein the high Cr concentration section is distributed in a fraction of 10 area% or
less relative to an entire surface area of the Cr concentration section.

5. The steel material of claim 1, wherein a grain size of austenite is 5-150um.

6. The steel material of claim 1,
wherein tensile strength of the steel material is 400 MPa or more,
wherein yield strength of the steel material is 800 MPa or more, and
wherein elongation of the steel material is 40% or more.

7. The steel material of claim 1, wherein the steel material has a Charpy impact toughness of 90J or more (based on
a 10mm sample thickness) at-196°C, and corrosion loss of 80mg/cm?2 or less in a corrosion resistance test according
to 1S09223.

8. A method of manufacturing a cryogenic austenitic high-manganese steel material having excellent corrosion resist-
ance, the method comprising:

reheating a slab including, by weight%, 0.2-0.5% of C, 23-28% of Mn, 0.05-0.5% of Si, 0.03% or less of P,
0.005% orless of S, 0.5% or less of Al, 3-4% of Cr, and a balance of Fe and inevitable impurities, in atemperature
range of 1050-1300°C;

hot-rolling the reheated slab at a finishing rolling temperature of 900-950°C, thereby providing an intermediate
material; and

cooling the intermediate material to a temperature range of 600°C or less at a cooling rate of 1-100°C/s, thereby
providing a final material.

9. The method of claim 8, wherein the slab further includes, by weight%, one or more elements selected from among
1% or less of Cu (excluding 0%) and 0.0005-0.01% of B.
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