EP 4 060 058 A1

Patent Office

s et (11) EP 4 060 058 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(1 9) ’ e Hllm”“mmllmllml‘l“ll“l |HH||‘H||m|H|H|‘|‘H||H‘|H||‘
Patentamt
0 European

(43) Date of publication: (51) International Patent Classification (IPC):
21.09.2022 Bulletin 2022/38 C21D 8/02 (2006.01) C22C 38/38(2006.01)
C22C 38/24(2006.01) B21B 3/00 (2996.0%)
(21) Application number: 20902604.6 B21B 1/24(2000.01)
(22) Date of filing: 11.11.2020 (52) Cooperative Patent Classification (CPC):
B21B 1/24; B21B 3/00; C21D 8/02; C22C 38/24;
C22C 38/38

(86) International application number:
PCT/KR2020/015781

(87) International publication number:
WO 2021/125564 (24.06.2021 Gazette 2021/25)

(84) Designated Contracting States: (72) Inventors:
AL ATBE BG CH CY CZDE DK EE ES FI FR GB * PARK, Soo-ho
GRHRHUIEISITLILTLULVMC MK MT NL NO Pohang-si Gyeongsangbuk-do 37680 (KR)
PL PT RO RS SE SI SK SM TR ¢ MIN, Hyunwoong
Designated Extension States: Yongin-si Gyeonggi-do 16943 (KR)
BA ME * PARK, Jae-seok
Designated Validation States: Pohang-si Gyeongsangbuk-do 37669 (KR)
KH MA MD TN
(74) Representative: Potter Clarkson
(30) Priority: 18.12.2019 KR 20190170065 The Belgrave Centre
Talbot Street
(71) Applicant: POSCO Nottingham NG1 5GG (GB)

Pohang-si, Gyeongsangbuk-do 37859 (KR)

(54) HIGH-STRENGTH FERRITIC STAINLESS STEEL FOR CLAMP, AND MANUFACTURING
METHOD THEREFOR

(567) Disclosed are high-strength ferritic stainless
steel STS430, which has a yield strength of 350 MPa or [FIG. 1]
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es, by weight, 0.04-0.1% of C, 0.2-0.6% of Si, 0.01-1.5%
of Mn, 14.0-18.0% of Cr, 0.005-0.2% of Al, 0.005-0.2%
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Description
[Technical Field]

[0001] The present invention relates to high-strength ferritic stainless steel, and more specifically, to high-strength
ferritic stainless steel, which has a yield strength of 350 MPa or more and can be applied to a clamp of an automobile
or a general hose, and a manufacturing method thereof.

[Background Art]

[0002] Ferriticstainless steelis widely usedin heat-resistant appliances, sink tops, exterior materials, home appliances,
electronic parts, and the like due to having a low price, a low thermal expansion coefficient, good surface gloss, good
moldability, and good oxidation resistance compared to austenitic stainless steel. Cold-rolled thin sheets of ferritic stain-
less steel are manufactured by a hot-rolling process, an annealing-pickling process that removes the surface scale of
the hot-rolled coil and removes the internal stress of the material, a cold-rolling process, and an annealing process.
[0003] FIG. 1 shows a clamp for an automobile or a general hose. The clamp needs high strength because it serves
to fasten plastic hoses or pipes, and excellent ductility is also required because there should be no cracks during bending.
In addition, since corrosion resistance is required as it is used not only inside but also outside automobiles, the demand
for stainless steel for clamps is increasing recently.

[0004] Utility ferrite such as410UF, which is generally manufactured, has poor corrosion resistance and a low elongation
rate due to having a Cr content of 12%, so it cannot be used for clamps. Therefore, it is attempted to use 16% Cr 430
series (general 430, 430LX) having a relatively high Cr content, but it is difficult to satisfy market demand due to low
tensile strength. In order to satisfy market requirements including a tensile strength (TS) of 510 MPa or more, a yield
strength (YS) of 350 MPa or more, and an elongation rate (El) of 20% or more in all three directions of 0°, 45° and 90°
based on a rolling direction, development of a component system and optimization of a manufacturing process need to
be preceded.

[0005] For major quality issues in ferritic stainless steel exemplified by STS430, there are a number of prior patent
technologies related to an improvement in ridging, orange peel, and in-plane anisotropy during molding. However, there
is almost no research on optimizing manufacturing technology and reviewing a component system that satisfy high
strength so that it can be applied to clamps of automobiles or general hoses.

[Disclosure]
[Technical Problem]

[0006] The present invention is directed to providing STS430 ferritic stainless steel capable of implementing high
strength such as a yield strength of 350 MPa or more by controlling the contents of Si, Al, V, C, N, and the like in a
component system and the size and amount of precipitates through omission of hot-rolling annealing and performing
skin-pass rolling, and a manufacturing method thereof.

[Technical Solution]

[0007] One aspect of the present invention provides a method of manufacturing high-strength ferritic stainless steel
for a clamp, which includes: hot-rolling a slab, which includes, by weight, 0.04 to 0.1% of C, 0.2 to 0.6% of Si, 0.01 to
1.5% of Mn, 14.0 to 18.0% of Cr, 0.005 to 0.2% of Al, 0.005 to 0.2% of V, 0.02 to 0.1% of N, and the remainder as Fe
and inevitable impurities and satisfies the following Expressions (1) and (2), by reheating at 1,000 to 1,200 °C; winding
the hot-rolled steel sheet at 700 °C or more; cold-rolling the wound hot-rolled steel sheet at a reduction ratio of 60% or
more without performing annealing; annealing the cold-rolled steel sheet at 550 to 950 °C for 10 minutes or less; and
skin-pass rolling the cold-rolled annealed steel sheet at a reduction ratio of 2 to 8%.

(1) 0.35% < Si+Al+V < 0.6%

(2) 0.09% < C+N < 0.12%

wherein, Si, Al, V, C, and N refer to contents (% by weight) of respective elements.
[0008] According to an embodiment of the present invention, the cold-rolled annealed steel sheet may include at least
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2.5x108 (Cr,Fe)-carbonitride precipitates having an average diameter of 0.5 pm or less per mm2,

[0009] According to an embodiment of the present invention, the slab may further include any one or more selected
from the group consisting of 0.001 to 0.5% of Ni, 0.05% or less of P, and 0.005% or less of S.

[0010] According to an embodiment of the present invention, the cold-rolled annealed steel sheet may have a yield
strength of 320 MPa or more, a tensile strength of 510 MPa or more, and an elongation rate of 20% or more.

[0011] According to an embodiment of the present invention, the cold-rolled annealed steel sheet having been skin-
pass rolled may have a yield strength of 350 MPa or more, a tensile strength of 510 MPa or more, and an elongation
rate of 20% or more.

[0012] Anotheraspect of the presentinvention provides high-strength ferritic stainless steel for a clamp, which includes,
by weight, 0.04 to 0.1% of C, 0.2 to 0.6% of Si, 0.01 to 1.5% of Mn, 14.0 to 18.0% of Cr, 0.005 to 0.2% of Al, 0.005 to
0.2% of V, 0.02 to 0.1% of N, and the remainder as Fe and inevitable impurities, satisfies the following Expressions (1)
and (2), and has a yield strength of 350 MPa or more.

(1) 0.35% < Si+Al+V < 0.6%

(2) 0.09% < C+N < 0.12%

[0013] According to an embodiment of the present invention, the high-strength ferritic stainless steel may further
include any one or more selected from the group consisting of 0.001 to 0.5% of Ni, 0.05% or less of P, and 0.005% or
less of S.

[0014] According to an embodiment of the present invention, at least 2.5x 108 (Cr,Fe)-carbonitride precipitates having
an average diameter of 0.5 um or less per mm2 may be distributed.

[0015] According to an embodiment of the present invention, the high-strength ferritic stainless steel may have a
tensile strength of 510 MPa or more and an elongation rate of 20% or more.

[Advantageous Effects]

[0016] High-strength ferritic stainless steel according to an embodiment of the present invention can be used for a
clamp of an automobile or the like by satisfying a yield strength of 350 MPa or more, a tensile strength of 510 MPa or
more, and an elongation rate of 20% or more.

[Description of Drawings]
[0017]

FIG. 1 is an image showing the shape of a general clamp.

FIG. 2 is a graph showing yield strength (YS) according to a value of Expression (1) before skin-pass rolling of the
present invention.

FIG. 3 is a graph showing tensile strength (TS) according to a value of Expression (2) before skin-pass rolling of
the present invention.

FIG. 4 show photographs of precipitates of aninventive example according to the presentinvention and a comparative
example, taken using a scanning electron microscope (SEM) and a transmission electron microscope (TEM).

[Modes of the Invention]

[0018] A method of manufacturing high-strength ferritic stainless steel for a clamp according to an embodiment of the
present invention includes: hot-rolling a slab, which includes, by weight, 0.04 to 0.1% of C, 0.2 to 0.6% of Si, 0.01 to
1.5% of Mn, 14.0 to 18.0% of Cr, 0.005 to 0.2% of Al, 0.005 to 0.2% of V, 0.02 to 0.1% of N, and the remainder as Fe
and inevitable impurities and satisfies the following Expressions (1) and (2), by reheating at 1,000 to 1,200 °C; winding
the hot-rolled steel sheet at 700 °C or more; cold-rolling the wound hot-rolled steel sheet at a reduction ratio of 60% or
more without performing annealing; annealing the cold-rolled steel sheet at 550 to 950 °C for 10 minutes or less; and
skin-pass rolling the cold-rolled annealed steel sheet at a reduction ratio of 2 to 8%.

(1) 0.35% < Si+Al+V < 0.6%
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(2) 0.09% < C+N < 0.12%

wherein, Si, Al, V, C, and N refer to contents (% by weight) of respective elements.

[0019] Hereinafter, exemplary embodiments of the present invention will be described in detail with reference to the
accompanying drawings. The exemplary embodiments presented herein are provided for sufficiently conveying the spirit
and scope of the present invention to those skilled in the art. The present invention can be embodied in various forms
without being limited to the embodiments presented herein. In the drawings, portions which are not related to the
description may be omitted for clarifying the present invention, and sizes of components may be exaggerated for un-
derstanding the present invention.

[0020] High-strength ferritic stainless steel for a clamp according to an embodiment of the present invention includes,
by weight, 0.04 to 0.1% of C, 0.2 to 0.6% of Si, 0.01 to 1.5% of Mn, 14.0 to 18.0% of Cr, 0.005 to 0.2% of Al, 0.005 to
0.2% of V, 0.02 to 0.1% of N, and the remainder as Fe and inevitable impurities.

[0021] Hereinafter, the reason for limiting the numerical value of the alloying element content of the present invention
will be described. Hereinafter, unless otherwise specified, the unit is % by weight.

[0022] The content of Cis 0.04 to 0.1%.

[0023] In the steel, C is an impurity that is inevitably included in ferritic stainless steel and serves to improve strength
by being precipitated as (Cr,Fe),3Cg and (Cr,Fe);C5 carbides, so C is included in an amount of 0.04% or more. However,
when C is excessively included in the base material, an elongation rate is degraded to substantially degrade the proc-
essability of a product, so the C content is limited to 0.1% or less.

[0024] The content of Siis 0.2 to 0.6%.

[0025] Siis an impurity that is inevitably included in the steel, but is an element added as a deoxidizer during steel
making and is a ferrite-stabilizing element. When a large amount of Si is included in the steel, it causes the hardening
of a material to degrade ductility, so the Si content is usually managed at 0.4% or less. However, to manufacture high-
strength ferritic stainless steel for a clamp, it is necessary to optimally use Si. Therefore, in the present invention, the Si
content is controlled to 0.2 to 0.6% to improve tensile strength and yield strength through a solid solution strengthening
effect, and the Si content is limited to 0.6% or less to maintain an elongation rate.

[0026] The content of Mn is 0.01 to 1.5%.

[0027] Mnis an impurity that is inevitably included in the steel. However, since Mn is an austenite-stabilizing element,
it serves to suppress roping and ridging. However, when a large amount of Mn is included, manganese-based fumes
are generated during welding, and the fumes cause MnS phase precipitation to degrade an elongation rate, so the Mn
content is limited to 0.01 to 1.5%.

[0028] The content of Cris 14.0 to 18.0%.

[0029] Cris an alloying element that is added to improve the corrosion resistance of the steel, and the critical content
thereof is 12%. However, ferritic stainless steel containing C and N may undergo intergranular corrosion, and thus the
Cr content is limited to 14.0 to 18.0% in consideration of the possibility of intergranular corrosion and the increase in
manufacturing costs.

[0030] The content of Alis 0.005 to 0.2%.

[0031] Alis a strong deoxidizer and serves to lower the content of oxygen in molten steel. In the present invention, Al
is added in an amount of 0.005% or more. However, when the Al content is excessive, the sleeve defect of a cold-rolled
strip occurs due to an increase in non-metallic inclusions, and weldability is also deteriorated, so the Al content is limited
to 0.2% or less, more preferably, 0.1% or less.

[0032] The content of V is 0.005 to 0.2%.

[0033] V serves to form carbonitride by fixing C and N and is an element effective for suppressing the growth of
carbonitride and refining it. In the presentinvention, V is added in an amount of 0.005% or more, more preferably, 0.03%
or more. However, when the V content is excessive, the manufacturing costs increase rapidly, so the V content is limited
to 0.2% or less, more preferably, 0.1% or less.

[0034] The content of N is 0.02 to 0.1%.

[0035] In the steel, N is present as an impurity element equivalently to C and serves to improve strength by being
precipitated as CryN nitride in the manufacturing process. N is added in an amount of 0.02% or more. However, the
addition of a large amount of N not only impairs processability, but also causes stretcher strain in a cold-rolled product,
so the N content is limited to 0.1% or less.

[0036] In addition, according to an embodiment of the present invention, the high-strength ferritic stainless steel may
further include any one or more selected from the group consisting of 0.001 to 0.5% of Ni, 0.05% or less of P, and 0.005%
or less of S.

[0037] The content of Niis 0.001 to 0.5%. Like Cu and Mn, Ni is an austenite-stabilizing element, has an effect of
suppressing roping and ridging by increasing an austenite fraction, and serves to improve corrosion resistance by addition
of a small amount thereof. However, when a large amount of Ni is added, deterioration of processability and an increase
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in manufacturing costs are caused, so the Ni content is limited to the above-described range.

[0038] The contentof P is 0.05% orless. P is an impurity that is inevitably included in the steel and causes intergranular
corrosion during pickling or impairs hot processability, so the P content is adjusted within the above-described range.
[0039] The content of S is 0.005% or less. S is an impurity that is inevitably included in the steel and is segregated at
grain boundaries to impair hot processability, so the S content is limited to the above-described range.

[0040] In addition to the above-described alloying elements, the stainless steel includes the remainder as Fe and other
inevitable impurities.

[0041] Inaddition, the stainless steel satisfies the following Expressions (1) and (2) and the above-described component
system composition.

(1) 0.35% < Si+Al+V < 0.6%

(2) 0.09% < C+N < 0.12%

[0042] In the present invention, to implement high strength, yield strength (YS) is increased through a solid solution
strengthening effect resulting from an increase in the content of Si, Al, and V which are substitutive elements, and thus
320 MPa or more may be exhibited. When a Si+Al+V value is less than 0.35%, it is difficult to implement desired yield
strength, and when a Si+Al+V value exceeds 0.6%, an elongation rate is degraded. Also, as in a manufacturing method
to be described below, a cold-rolled steel sheet having been annealed may be subjected to skin-pass rolling to implement
a yield strength of 350 MPa or more. When a yield strength is below 320 MPa before skin-pass rolling, a high reduction
ratio is required during skin-pass rolling, which leads to degradation of an elongation rate, so this case is not preferable.
Therefore, itisimportant to ensure a yield strength of 320 MPa or more by satisfying Expression (1) before skin-pass rolling.
[0043] By increasing the amount of (Fe,Cr)-carbonitride precipitates by increasing the C+N content and by increasing
the amount of work hardening through a precipitate refinement effect caused by omitting hot-rolling annealing, a tensile
strength (TS) of 510 MPa or more may be implemented. When a C+N value is less than 0.09%, it is difficult to implement
desired tensile strength, and when a C+N value exceeds 0.12%, an elongation rate is degraded.

[0044] The microstructure of the present invention according to the above-described alloying element control may
include at least 2.5x108 (Fe,Cr)-carbonitride precipitates having an average diameter of 0.5 um or less per mm2. The
(Fe,Cr)-carbonitride precipitates may be (Cr,Fe),3Cg and (Cr,Fe);C5 carbides or Cr,N nitrides according to an increase
in the C+N content. By precipitating a large amount of fine precipitates having an average diameter of 0.5 um or less,
it is possible to increase the amount of work hardening during tensioning.

[0045] However, for the precipitation of (Fe,Cr) carbonitride, it is required to omit hot-rolling annealing in addition to
the alloying element control.

[0046] In the case of clamps for connecting hoses, when the hose has a small diameter, a clamp having a thickness
of 1 mm or less is used, and a yield strength (YS) of 320 MPa or more is required, and when the hose has a large
diameter, a clamp having a thickness of 1 mm or more is used, and a yield strength (YS) of 350 MPa or more is required.
By controlling the above-described alloying elements and carbonitride precipitates, a yield strength (YS) of 320 MPa or
more may be ensured, but it is difficult to ensure a yield strength (YS) of 350 MPa or more. Therefore, it is necessary
to modify the manufacturing method to implement a yield strength of 350 MPa or more.

[0047] A method of manufacturing high-strength ferritic stainless steel for a clamp according to an embodiment of the
present invention includes: hot-rolling a slab, which includes, by weight, 0.04 to 0.1% of C, 0.2 to 0.6% of Si, 0.01 to
1.5% of Mn, 14.0 to 18.0% of Cr, 0.005 to 0.2% of Al, 0.005 to 0.2% of V, 0.02 to 0.1% of N, and the remainder as Fe
and inevitable impurities and satisfies Expressions (1) and (2), by reheating at 1,000 to 1,200 °C; winding the hot-rolled
steel sheet at 700 °C or more; cold-rolling the wound hot-rolled steel sheet at a reduction ratio of 60% or more without
performing annealing; annealing the cold-rolled steel sheet at 550 to 950 °C for 10 minutes or less; and skin-pass rolling
the cold-rolled annealed steel sheet at a reduction ratio of 2 to 8%.

[0048] A finishing temperature of the hot-rolling is preferably 800 °C or more. Fine precipitates are formed in the state
of the hot-rolled coil through rolling at a finishing temperature of 800 °C or more and winding at 700 °C or more, and
coarsening of the precipitates is prevented by omitting the subsequent hot-rolling annealing.

[0049] In general, ferritic stainless steel used for a clamp is subjected to batch annealing (batch annealing furnace
(BAF)) as hot-rolling annealing after hot-rolling, but the present invention is characterized in that hot-rolling annealing
is omitted. When batch annealing (BAF) is performed, fine precipitates precipitated in the hot-rolled coil are coarsened,
and the total number thereof is reduced, thereby making it difficult to ensure high strength.

[0050] The cold-rolled annealed steel sheet may be subjected to skin-pass rolling at a reduction ratio of 2 to 8% to
ensure a yield strength of 350 MPa or more. When the reduction ratio exceeds 8%, an elongation rate is degraded.
[0051] Hereinafter, the present invention will be described in further detail with reference to exemplary embodiments.
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Examples

[0052] Ferritic stainless steel with a component system in which C, N, Si, Al, and V were controlled as shown in the
following Table 1 was subjected to Lab vacuum melting to prepare a slab. The slab was reheated at 1,000 to 1,200 °C
and then rolled at a finishing temperature of 800 °C or more using a rough rolling mill and a continuous finish rolling mill
to manufacture a hot-rolled sheet.

[Table 1]
Alloying components (% by weight)
Steel grades Classification
C Si Mn Cr Al \Y, N

0.0690 | 0.35 | 0.50 | 16.20 | 0.043 | 0.06 | 0.0360 Inventive Example 1

0.0631 | 0.30 | 048 | 16.29 | 0.083 | 0.03 | 0.0329 Inventive Example 2

0.0680 | 0.14 | 049 | 16.17 | 0.033 | 0.01 | 0.0360 | Comparative Example 1
0.0610 | 0.12 | 046 | 16.15 | 0.031 | 0.02 | 0.0310 | Comparative Example 2
0.0689 | 0.14 | 046 | 16.16 | 0.033 | 0.01 | 0.0261 | Comparative Example 3
0.0631 | 0.20 | 048 | 16.25 | 0.081 | 0.01 | 0.0229 | Comparative Example 4
0.0631 | 0.20 | 048 | 16.23 | 0.081 | 0.02 | 0.0229 | Comparative Example 5
0.0631 | 0.30 | 0.47 | 16.29 | 0.083 | 0.03 | 0.0329 | Comparative Example 6
0.0590 | 0.12 | 047 16.14 | 0.078 | 0.01 0.0215 | Comparative Example 7

I | MM O|lO|m| >

[0053] The hot-rolled sheet was subjected to cold-rolling and annealing, and then some of steel grades were subjected
to skin-pass rolling to manufacture a final cold-rolled sheet.

[0054] The following Table 2 shows values of Expressions (1) and (2), which are defined as Si+Al+V and C+N,
respectively, for steel having alloying components shown in Table 1 and also shows hot-rolling annealing conditions
and the number of precipitates of the cold-rolled annealed material. Also, the yield strength (YS), tensile strength (TS),
and elongation (EL) rate obtained by performing a tensile test at room temperature and a crosshead speed of 20 mm/min
in the direction of 0° from the rolling direction on the sheet surface of the cold-rolled annealed material are shown.
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Inventive Examples 1 and 2

[0055] Steelgrades A and B were obtained through vacuum melting by controlling C, N, Si, Al, and V of ferritic stainless
steel, and each steel was reheated at 1,000 to 1,200 °C and then rolled at a finishing temperature of 800 °C or more
using a rough rolling mill and a continuous finish rolling mill to manufacture a hot-rolled sheet, and the hot-rolled sheet
was subjected to pickling without performing hot-rolling annealing, cold-rolling, cold-rolling annealing, and skin-pass
rolling.

[0056] It can be confirmed that the steel grades A and B satisfied Si+Al+V>0.35% and yield strength (YS)>350 MPa
by performing skin-pass rolling. Also, it can be confirmed that the steel grades A and B satisfied C+N>0.09% and
accordingly tensile strength (TS)>510 MPa.

Comparative Examples 1to 3

[0057] It can be confirmed that the steel grades C to E satisfied Expression (1) of the present invention such as a C+N
value of 0.09% or more, but the Si+Al+V value was 0.35% or less, and thus a yield strength (YS) of 300 MPa was
exhibited, which was as low as 320 MPa before performing skin-pass rolling.

Comparative Examples 4 and 5

[0058] It can be confirmed that the steel grades F and G exhibited a Si+Al+V value of 0.35% or less and a C+N value
of 0.09% or less, and thus both yield strength (YS) and tensile strength (TS) did not satisfy the desired levels of the
present invention even though skin-pass rolling was performed.

Comparative Examples 6 and 7

[0059] It can be confirmed that the steel grade H satisfied a Si+Al+V value of 0.35% or more and a C+N value of
0.09% or more, but yield strength (YS)>320 MPa and tensile strength (TS)>510 MPa were not satisfied by performing
hot-rolling batch-annealing (BAF).

[0060] In addition, it can be confirmed that the steel grade | did not satisfy a Si+Al+V value of 0.35 or more and a C+N
value of 0.09% or more and exhibited a low yield strength (YS) of 280 MPa or less by performing hot-rolling batch-
annealing (BAF) and also exhibited a low tensile strength (TS) of 490 MPa or less, and thus the desired strength levels
of the present invention were not satisfied.

[0061] FIG. 2 is a graph showing yield strength (YS) according to a value of Expression (1) before skin-pass rolling
of the present invention, and FIG. 3 is a graph showing tensile strength (TS) according to a value of Expression (2)
before skin-pass rolling of the present invention.

[0062] Referring to FIG. 2 and FIG. 3, to implement high strength in the present invention, a value of Expression (1)
defined as Si+Al+V, which is the sum of substitutive elements, was controlled to be 0.35% or more to increase yield
strength through the solid solution strengthening effect of the base material, and thus a yield strength of 320 MPa or
more could be implemented. Also, the desired yield strength of 350 MPa or more could be ensured by performing skin-
pass rolling. Also, a value of Expression (2) defined as C+N was controlled to be 0.09% or more to increase the amount
of (Fe,Cr)-carbonitride precipitates, and a hot-rolling annealing process was omitted to provide a precipitate refinement
effect and accordingly increase the amount of work hardening, and thus a tensile strength of 510 MPa or more could
be implemented.

[0063] FIG. 4 show photographs of precipitates of an inventive example according to the present invention and a
comparative example, taken using a scanning electron microscope (SEM) and a transmission electron microscope
(TEM). The non-annealing column shows photographs for the steel grade A of Inventive Example 1, and the BAF column
shows photographs for the steel grade | of Comparative Example 7.

[0064] It can be confirmed that a large amount of precipitates having an average diameter of 0.5 wm or less were
formed in the case of the steel grade A of Inventive Example 1, whereas precipitates having an average diameter of 0.5
to 2.0 um were formed in the case of the steel grade | of Comparative Example 7. That is, it can be seen that when both
the control of alloying components and the omission of hot-rolling annealing are satisfied, the purpose of the present
invention can be achieved.

[0065] As described above, exemplary embodiments of the present invention have been described, but the present
invention is not limited thereto, and it should be understood by those skilled in the art that various changes and modifi-
cations can be made to the exemplary embodiments of the present invention without departing from the concept and
scope of the following claims.
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[Industrial Applicability]
[0066] The ferritic stainless steel according to the present invention is capable of ensuring a yield strength of 350 MPa
or more, a tensile strength of 510 MPa or more, and an elongation rate of 20% or more and thus can be applied to a
clamp of an automobile or a general hose.
Claims
1. A method of manufacturing high-strength ferritic stainless steel for a clamp, the method comprising:
hot-rolling a slab, which includes, by weight, 0.04 to 0.1% of C, 0.2 to 0.6% of Si, 0.01 to 1.5% of Mn, 14.0 to
18.0% of Cr, 0.005 to 0.2% of Al, 0.005 to 0.2% of V, 0.02 to 0.1% of N, and the remainder as Fe and inevitable
impurities and satisfies the following Expressions (1) and (2), by reheating at 1,000 to 1,200 °C;
winding the hot-rolled steel sheet at 700 °C or more;
cold-rolling the wound hot-rolled steel sheet at a reduction ratio of 60% or more without performing annealing;

annealing the cold-rolled steel sheet at 550 to 950 °C for 10 minutes or less; and
skin-pass rolling the cold-rolled annealed steel sheet at a reduction ratio of 2 to 8%.

(1) 0.35% < Si+Al+V < 0.6%

(2) 0.09% < C+N < 0.12%

wherein, Si, Al, V, C, an refer to contents (% by weight) of respective elements
herein, Si, Al, V, C d N ref % b ight) of i | t

2. The method of claim 1, wherein the cold-rolled annealed steel sheet includes at least 2.5%x 106 (Cr,Fe)-carbonitride
precipitates having an average diameter of 0.5 um or less per mm2,

3. The method of claim 1, wherein the slab further includes any one or more selected from the group consisting of
0.001 to 0.5% of Ni, 0.05% or less of P, and 0.005% or less of S.

4. The method of claim 1, wherein the cold-rolled annealed steel sheet has a yield strength of 320 MPa or more, a
tensile strength of 510 MPa or more, and an elongation rate of 20% or more.

5. Themethod of claim 1, wherein the cold-rolled annealed steel sheet having been skin-pass rolled has a yield strength
of 350 MPa or more, a tensile strength of 510 MPa or more, and an elongation rate of 20% or more.

6. High-strength ferritic stainless steel for a clamp, comprising, by weight, 0.04 to 0.1% of C, 0.2 to 0.6% of Si, 0.01
to 1.5% of Mn, 14.0 to 18.0% of Cr, 0.005 to 0.2% of Al, 0.005 to 0.2% of V, 0.02 to 0.1% of N, and the remainder

as Fe and inevitable impurities, satisfying the following Expressions (1) and (2), and having a yield strength of 350
MPa or more.

(1) 0.35% < Si+Al+V < 0.6%

(2) 0.09% < C+N < 0.12%

(wherein, Si, Al, V, C, and N refer to contents (% by weight) of respective elements)

7. The high-strength ferritic stainless steel of claim 6, further comprising any one or more selected from the group
consisting of 0.001 to 0.5% of Ni, 0.05% or less of P, and 0.005% or less of S.

8. The high-strength ferritic stainless steel of claim 6, which includes (Cr,Fe)-carbonitride precipitates, wherein at least
2.5x108 (Cr,Fe)-carbonitride precipitates having an average diameter of 0.5 wm or less per mm?2 are distributed.
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9. The high-strength ferritic stainless steel of claim 6, which has a tensile strength of 510 MPa or more and an elongation

rate of 20% or more.

EP 4 060 058 A1
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