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Description
Technical Field

[0001] The present invention relates to a hot-rolled and annealed ferritic stainless steel sheet excellent in terms of
workability which can preferably be used for, for example, a flange and to a method for manufacturing the steel sheet.

Background Art

[0002] Nowadays, since legislation and regulations regarding automobile exhaust gas are being strengthened, im-
proving fuel efficiency is an urgent task. Therefore, there is a trend toward using an exhaust gas recirculation (EGR)
system in which exhaust gas discharged from an automobile engine is reused as the intake gas of the engine. The
exhaust gas discharged from an engine is passed through an EGR cooler, which is used for cooling the exhaust gas,
and then charged again into the engine. When exhaust gas is recirculated, to prevent the exhaust gas from leaking, the
parts of the exhaust system are connected with flanges being interposed between the parts. It is necessary that such
flanges, which are used for parts of the exhaust system, have sufficient rigidity. Therefore, thick-walled flanges (for
example, having a thickness of 5 mm or more) are used for such parts of the exhaust system.

[0003] Conventionally, plain carbon steel is used for such thick-walled flanges. However, flanges which are used for
parts such as an EGR system, through which high-temperature exhaust gas passes, are required to have sufficient
corrosion resistance. Therefore, consideration is being given to using stainless steel, which is superior to plain carbon
steel in terms of corrosion resistance, in particular, ferritic stainless steel, with which thermal stress is less likely to be
generated because of its comparatively low thermal expansion coefficient, and there is a strong demand for a ferritic
stainless steel sheet having a large thickness (for example, a thickness of 5 mm or more) which can be used for thick-
walled flanges.

[0004] In response to such a market demand, for example, Patent Literature 1 discloses a hot-rolled ferritic stainless
steel sheet having a chemical composition containing, by mass%, C: 0.015% or less, Si: 0.01% to 0.4%, Mn: 0.01% to
0.8%, P: 0.04% or less, S: 0.01% or less, Cr: 14.0% to 18.0% (not inclusive), Ni: 0.05% to 1%, Nb: 0.3% to 0.6%, Ti:
0.05% or less, N: 0.020% or less, Al: 0.10% or less, B: 0.0002% to 0.0020%, and the balance being Fe and inevitable
impurities, in which the contents of Nb, C, and N satisfy the relationship Nb/(C + N) > 16, a Charpy impact value at a
temperature of 0°C is 10 J/cm?2 or more, and a thickness is 5.0 mm to 9.0 mm.

Citation List

Patent Literature

[0005] PTL 1: International Publication No. WO2014/157576
Summary of Invention

Technical Problem

[0006] However, when the presentinventors tried to form the hot-rolled ferritic stainless steel sheet according to Patent
Literature 1 into a shape of a thick-walled flange having a portion subjected to burring work, it was clarified that the steel
sheet is not good enough to be used for a thick-walled flange, because, despite the fact that the steel sheet had a
sufficient Charpy impact value, a crack was generated in the portion subjected to burring work, in particular, in the central
portion in the thickness direction, which made it impossible to obtain a specified flange shape in some cases.

[0007] An object of the present invention is, by solving the problems described above, to provide a hot-rolled and
annealed ferritic stainless steel sheet which has sufficient corrosion resistance and with which it is possible to inhibit a
crack from occurring when punching work is performed to form a thick-walled flange and to provide a method for man-
ufacturing the steel sheet.

Solution to Problem

[0008] The presentinventors conducted detailed investigations to solve the problems and, as a result, found that, in
the case where a steel sheet having a large thickness of more than 5.0 mm is formed into a thick-walled flange having
a portion subjected to burring work without a crack being generated, although it is not possible to make accurate eval-
uations of workability on the basis of a Charpy impact value, which has been conventionally used, it is possible to make
accurate evaluations of workability on the basis of the threshold stress intensity factor K|, which is the evaluation index
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oftoughness infields involving thick steel plates. This is because, while itis not possible to make unambiguous evaluations
of a fracture phenomenon caused by forming work by using a fracture mechanics method in the case of a thin steel
sheet having a thickness of less than 5.0 mm where a plastic deformation region in the vicinity of a punched end surface
is too large in relation to the thickness when punching work is performed, it is possible to make accurate evaluations of
a fracture phenomenon caused by a specified degree of work on the basis of the stress intensity factor, which is a
fracture-mechanical quantitative index, in particular, on the basis of the threshold value of the factor, that is, the threshold
stress intensity factor K in the case of a steel sheet having a large thickness of 5.0 mm or more where a plastic
deformation region in the vicinity of a punched end surface is sufficiently small in relation to the thickness when punching
work is performed, that is, a small-scale yielding condition is fully satisfied.

[0009] For the reasons described above, the present inventors conducted detailed investigations regarding the rela-
tionship between crack generation and the threshold stress intensity factor K| when flange-forming work is performed
to form a specified flange shape and, as a result, found that, by controlling the threshold stress intensity factor K to be
20 MPa-m'/2 or more, since it is possible to effectively inhibit a crack from occurring in a portion subjected to burring
work when flange-forming work is performed to form a thick-walled flange having a portion subjected to burring work, it
is possible to sufficiently put the thick steel sheet into practical use for a thick-walled flange having a portion subjected
to burring work.

[0010] In addition, it was found that there is an improvement in the threshold stress intensity factor K| as a result of
performing hot-rolled-sheet annealing at an appropriate temperature on ferritic stainless steel having an appropriate
chemical composition, in particular, on a hot-rolled steel sheet obtained by appropriately controlling the accumulated
rolling reduction ratio in the final 3 passes (= 100 - (final thickness/thickness before rolling in final 3 passes is performed)
X 100 [%]) in a multi-pass finish hot-rolling process composed of 3 passes or more.

[0011] The present invention has been completed on the basis of the knowledge described above, and the subject
matter of the present invention is as follows.

[1] A hot-rolled and annealed ferritic stainless steel sheet having a chemical composition containing, by mass%, C:
0.001% to 0.020%, Si: 0.05% to 1.00%, Mn: 0.05% to 1.00%, P: 0.04% or less, S: 0.01% or less, Al: 0.001% to
0.100%, Cr: 10.0% to 24.0%, Ni: 0.01% to 0.60%, Ti: 0.10% to 0.40%, N: 0.001% to 0.020%, and the balance being
Fe and inevitable impurities, and

a threshold stress intensity factor K, of 20 MPa-m/2 or more.

[2] The hot-rolled and annealed ferritic stainless steel sheet according to item [1] above, in which the chemical
composition further contains, by mass%, one, two, or more selected from Cu: 0.01% to 1.00%, Mo: 0.01% to 2.00%,
W: 0.01% to 0.20%, and Co: 0.01% to 0.20%.

[3] The hot-rolled and annealed ferritic stainless steel sheet according to item [1] or [2] above, in which the chemical
composition further contains, by mass%, one, two, or more selected from V: 0.01% to 0.20%, Nb: 0.01% to 0.10%,
Zr: 0.01% to 0.20%, REM: 0.001% to 0.100%, B: 0.0002% to 0.0025%, Mg: 0.0005% to 0.0030%, and Ca: 0.0003%
to 0.0030%.

[4] A method for manufacturing the hot-rolled and annealed ferritic stainless steel sheet according to any one of
items [1] to [3] above, the method including performing a hot-rolling process including finish rolling composed of 3
passes or more, in which rolling in final 3 passes of the finish rolling is performed in a temperature range of 800°C
to 1100°C with an accumulated rolling reduction ratio of 25% or more to obtain a hot-rolled steel sheet and
performing hot-rolled-sheet annealing on the hot-rolled steel sheet at a temperature of 800°C to 1100°C.

[0012] Here, the term "threshold stress intensity factor K " refers to the stress intensity factor obtained by performing
a test in accordance with ASTM E 399 on a compact tension (CT) test piece in accordance with ASTM E 399 taken from
the central portion in the width direction of a steel sheet so that the direction of a fatigue precrack is in a direction
perpendicular to the rolling direction and the stress axis is in a direction parallel to the rolling direction. Advantageous
Effects of Invention

[0013] According to the presentinvention, it is possible to obtain a hot-rolled and annealed ferritic stainless steel sheet
having sufficient corrosion resistance and excellent workability with which it is possible to inhibit a crack from occurring
when punching work is performed to form a thick-walled flange.

[0014] Here, the term "sufficient corrosion resistance" in the present invention refers to a case where a rust area ratio
(= rust area/total area of a steel sheet X 100 [%]) is 25% or less after having performed a salt spray cyclic corrosion
test prescribed in JIS H 8502 5 cycles, where the unit cycle consists of salt spraying (5 mass% NaCl, 35°C, 2-hour
spraying), drying (60°C, 4 hours, relative humidity = 40%), and wetting (50°C, 2 hours, relative humidity > 95%), on a
steel sheet whose end surfaces are sealed after the surface to be evaluated thereof has been polished by using #600
emery paper.

[0015] In addition, the expression "excellent workability with which it is possible to inhibit a crack from occurring when
punching work is performed to form a thick-walled flange" refers to a case where, when a test is performed in accordance
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with ASTM E 399 on a CT test piece in accordance with ASTM E 399 taken from the central portion in the width direction
of a steel sheet so that the direction of a fatigue precrack is in a direction perpendicular to the rolling direction and the
stress axis is in a direction parallel to the rolling direction to obtain the threshold stress intensity factor, the obtained
threshold stress intensity factor K;; is 20 MPa-m'/2 or more.

Description of Embodiments

[0016] The hot-rolled and annealed ferritic stainless steel sheet according to the present invention has a chemical
composition containing, by mass%, C: 0.001% to 0.020%, Si: 0.05% to 1.00%, Mn: 0.05% to 1.00%, P: 0.04% or less,
S: 0.01% or less, Al: 0.001% to 0.100%, Cr: 10.0% to 24.0%, Ni: 0.01% to 0.60%, Ti: 0.10% to 0.40%, N: 0.001% to
0.020%, and the balance being Fe and inevitable impurities, and a threshold stress intensity factor K, of 20 MPa-m1/2
or more.

[0017] The term "threshold stress intensity factor K" refers to the stress intensity factor obtained by performing a
test in accordance with ASTM E 399 on a CT test piece in accordance with ASTM E 399 taken from the central portion
in the width direction of a steel sheet so that the direction of a fatigue precrack is in a direction perpendicular to the
rolling direction and the stress axis is in a direction parallel to the rolling direction.

[0018] Hereafter, the present invention will be described in detail.

[0019] The present inventors conducted detailed investigations regarding the reasons why a crack was generated
when flange-forming work was performed on each of various kinds of ferritic stainless steel sheets having a thickness
of 5.0 mm to form a flange having a portion subjected to burring work so that the periphery of a flange hole having a
diameter of 30 mm¢ was raised to a height of 10 mm with respect to the surface of a blank steel sheet (in the punched
state) and, as a result, found that, in the case of the steel sheet in which a crack was generated, the crack was generated
due to a microcrack, which had been generated in the vicinity of the central portion in the thickness direction of the steel
sheet in a punched end surface, and had grown significantly when burring work was performed.

[0020] The present inventors conducted detailed investigations regarding the relationship between the significant
growth of a microcrack and material properties and, as a result, found that, the smaller the threshold stress intensity
factor K¢ of a steel sheet, the more likely the microcrack is to grow significantly. Therefore, the present inventors tried
to perform the above-described flange-forming work on various kinds of hot-rolled and annealed ferritic stainless steel
sheets (having a thickness of 5.0 mm) and, as a result, found that a crack caused by the growth of a microcrack tends
to occur in the case of a steel sheet having a threshold stress intensity factor K, of less than 20 MPa-m1/2, where the
threshold stress intensity factor K| is obtained by using the specified determination method.

[0021] Moreover, the present inventors conducted detailed investigations regarding the cracks of the steel sheets
described above to clarify the reasons why the threshold stress intensity factors K, of the steel sheets, in which cracks
were generated when the above-described flange-forming work was performed, was small and, as a result, found that,
in the case of a steel sheet in which a crack is generated, a microcrack generated in the vicinity of the central portion in
the thickness direction in a punched end surface grows significantly at grain boundaries of the crystal grains in the vicinity
of the central portion in the thickness direction.

[0022] In addition, from the results of investigations regarding the microstructure of a steel sheet involving analysis
utilizing a scanning electron microscopy/electron backscatter diffraction (SEM/EBSD) method, it was found that crystal
grains in a portion, in which a microcrack grows significantly, have crystal orientations almost identical to those of the
adjacent crystal grains, that is, form a so-called colony (group of crystal grains having similar crystal orientations),
although these crystal grains exist independently of each other. Generally, a crystal grain has an orientation different
from the orientations of the adjacent crystal grains, and the boundaries of grains having different orientations have a
function of obstructing the growth of a microcrack when the microcrack grows through the grain boundaries. However,
since the crystal orientations of crystal grains adjacent to each other in a colony are almost identical, there is a decrease
in the effect of inhibiting the growth of a microcrack at the grain boundaries of the crystal grains in the colony. That is,
it was found that, in the case of a steel sheet in which a colony is formed, since there is a decrease in the threshold
stress intensity factor K|, a crack was generated when the above-described flange-forming work is performed.

[0023] Therefore, the presentinventors diligently conducted investigations regarding a method for improving the thresh-
old stress intensity factor K| of a hot-rolled and annealed ferritic stainless steel sheet and, as a result, found that it is
possible to break colonies effectively and achieve a threshold stress intensity factor K, of 20 MPa-m'2 or more by
performing hot-rolled-sheet annealing at atemperature of 800°C to 1100°C on ferritic stainless steel having an appropriate
chemical composition, in particular, on a hot-rolled steel sheet obtained by performing rolling in the final 3 passes of a
hot-rolling process involving multi-pass finish rolling in a temperature range of 800°C to 1100°C with an accumulated
rolling reduction ratio (= 100 - (final thickness/thickness before rolling in final 3 passes is performed) X 100 [%]) which
is appropriately controlled to be 25% or more.

[0024] Here, although there is no particular limitation on the thickness of the hot-rolled and annealed ferritic stainless
steel sheet according to the present invention, since it is preferable that the thickness be that of the steel sheet to be
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used for a thick-walled flange, it is preferable that the thickness be 5.0 mm or more or more preferably 7.0 mm or more.
In addition, although there is no particular limitation on the thickness described above, it is preferable that the thickness
be 15.0 mm or less or more preferably 10.0 mm or less.

[0025] The reasons why the breaking of a colony is promoted by using the method described above will be described
hereafter.

[0026] In the central portion in the thickness direction of a slab of ferritic stainless steel which has yet to be subjected
to hot-rolling, coarse and elongated colonies (groups of crystal grains having similar crystal orientations) are linearly
distributed in the casting direction. On the other hand, when a steel sheet is rolled, the steel sheet is elongated in such
a manner that deformation spreads from the surface layer thereof. Therefore, in the case where the rolling reduction
ratio is small, since the amount of deformation is small in the central portion in the thickness direction, rolling strain is
hardly applied to the central portion in the thickness direction.

[0027] Therefore, in the case of hot-rolling according to conventional techniques, since a sufficient amount of rolling
strain is not applied to elongated grains in the central portion in the thickness direction of a steel sheet, there is an
insufficient number of recrystallization sites when subsequent hot-rolled-sheet annealing is performed. Therefore, al-
though recrystallization occurs to some extent in the vicinity of the central portion in the thickness direction when hot-
rolled-sheet annealing is performed, colonies tend to be retained without being broken, which makes it impossible to
achieve a threshold stress intensity factor K, of 20 MPa-m'/2 or more, which is required in the present invention.
[0028] Moreover, in the case of ferritic stainless steel, since dynamic recrystallization (refers to recrystallization oc-
curring along with deformation due to work) hardly occurs when hot-rolling is performed, the recovery of strain due to
work applied by performing rolling tends to occur. Therefore, in the case of hot-rolling according to conventional tech-
niques, since the recovery of strain due to work applied by performing rolling occurs to an excessive degree, it is not
possible to effectively maintain the strain due to work until after hot-rolling has been performed. As a result, since the
number of recrystallization sites is insufficient, colonies are not effectively broken in a subsequent hot-rolled-sheet
annealing process, which makes it impossible to achieve the specified threshold stress intensity factor K.

[0029] Therefore, the present inventors diligently conducted investigations regarding a method for effectively and
sufficiently applying strain due to rolling work across the entire thickness of a steel sheet in a hot-rolling process and,
as a result, found that, by performing rolling in the final 3 passes of finish hot-rolling in an appropriately controlled
temperature range with a large accumulated rolling reduction ratio, since strain due to rolling work is sufficiently and
effectively applied to the central portion in the thickness direction while the recovery of strain due to rolling work is
suppressed, it is possible to form a hot-rolled steel sheet microstructure retaining sufficient strain due to rolling work
which functions as recrystallization sites in a subsequent hot-rolled-sheet annealing process, resulting in colonies being
effectively broken in the subsequent hot-rolled-sheet annealing process.

[0030] Specifically, a method, in which rolling in the final 3 passes of a finish hot-rolling process composed of 3 passes
or more is performed at a temperature of 800°C to 1100°C with an accumulated rolling reduction ratio (= 100 - (final
thickness/thickness before rolling in final 3 passes is performed) X 100 [%]) which is appropriately controlled to be 25%
or more, has been devised.

[0031] In addition, the present inventors also diligently conducted investigations regarding preferable conditions to be
applied in a subsequent hot-rolled-sheet annealing. A hot-rolled-sheet annealing process is a process in which a worked
microstructure formed by performing hot-rolling is recrystallized. Therefore, it is necessary that annealing be performed
at a temperature at which sufficient recrystallization occurs. However, in the case where hot-rolled-sheet annealing is
performed at an excessively high temperature, there is a significant coarsening of recrystallized grains, although recrys-
tallization occurs. It was found that, although such significantly coarse recrystallized grains are individual crystal grains
which exist independently of each other, since such grains have significantly long grain boundaries, there is a decrease
in the effect of inhibiting the growth of a microcrack at the boundaries of the crystal grains having different orientations
asinthe case where colonies exist, which makes itimpossible to achieve the specified threshold stress intensity factor K.
[0032] Therefore, the presentinventors conducted detailed investigations regarding the relationship between the grain
diameter of a recrystallized crystal grain and an annealing temperature and, as a result, found that, by controlling a hot-
rolled-sheet annealing temperature to be 1100°C or lower, it is possible to suppress the formation of such coarse
recrystallized grains that there is a significant decrease in the threshold stress intensity factor Ki¢.

[0033] Hereafter, the chemical composition of hot-rolled and annealed ferritic stainless steel sheet according to the
present invention will be described.

[0034] Hereafter, "%" used when describing a chemical composition refers to "mass%", unless otherwise noted.

C: 0.001% to 0.020%
[0035] In the case where the C content is more than 0.020%, there is a significant deterioration in workability and in

the corrosion resistance of a weld. Although itis preferable that the C content be as small as possible from the viewpoint
of corrosion resistance and workability, it is not preferable that the C content be less than 0.001% from the viewpoint of
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manufacturing conditions, because this results in an increase in the time taken to perform refining. Therefore, the C
content is set to be in the range of 0.001% to 0.020%. It is preferable that the C content be 0.003% or more or more
preferably 0.004% or more. In addition, it is preferable that the C content be 0.015% or less or more preferably 0.012%
or less.

Si: 0.05% to 1.00%

[0036] Sisanelementwhichis effective forimprovingthe corrosionresistance ofaweld as aresult ofbeing concentrated
in an oxide layer formed when welding is performed and which is also effective as a deoxidizing agent in a steel-making
process. Such effects are obtained in the case where the Si content is 0.05% or more, and such effects increase with
an increase in Si content. However, it is not preferable that the Si content be more than 1.00%, because this results in
an increase in the degree of surface defects and an increase in manufacturing costs, since there is an increase in rolling
load and a significant increase in the amount of scale generated in a hot-rolling process, and since there is a deterioration
in pickling performance due to Si being concentrated in the surface layer of a steel sheet in an annealing process.
Therefore, the Si content is set to be 0.05% to 1.00%. It is preferable that the Si content be 0.10% or more. In addition,
it is preferable that the Si content be 0.60% or less or more preferably 0.40% or less.

Mn: 0.05% to 1.00%

[0037] Mn is effective for improving the strength of steel and has a function as a deoxidizing agent. It is necessary
that the Mn content be 0.05% or more to obtain such effects. However, in the case where the Mn content is more than
1.00%, since the formation of MnS, which becomes a starting point at which corrosion occurs, is promoted, there is a
deterioration in corrosion resistance. Therefore, the Mn content is set to be 0.05% to 1.00%. It is preferable that the Mn
contentbe 0.10% ormore. In addition, itis preferable thatthe Mn contentbe 0.60% or less or more preferably 0.30% or less.

P: 0.04% or less

[0038] Although P is an element which is inevitably contained in steel, since P has a negative effect on corrosion
resistance and workability, it is preferable that the P content be as small as possible. In particular, in the case where the
P content is more than 0.04%, there is a significant deterioration in workability through solid solution strengthening.
Therefore, the P content is set to be 0.04% or less or preferably 0.03% or less.

S: 0.01% or less

[0039] Although Sis an element which is inevitably contained in steel like P, since S has a negative effect on corrosion
resistance and workability, it is preferable that the S content be as small as possible. In particular, in the case where the
S content is more than 0.01%, there is a significant deterioration in corrosion resistance.

Therefore, the S content is set to be 0.01% or less, preferably 0.008% or less, or more preferably 0.003% or less.

Al: 0.001% to 0.100%

[0040] Alis an effective deoxidizing agent. Moreover, since Al has a higher affinity for nitrogen than Cr does, nitrogen
is precipitated in the form of Al nitrides instead of Cr nitrides when nitrogen enters a weld, which results in sensitization
being effectively inhibited. Such effects are obtained in the case where the Al content is 0.001% or more. However, it is
not preferable that the Al content be more than 0.100%, because this results in deterioration in welding workability due
to a deterioration in weld penetration capability when welding is performed. Therefore, the Al content is set to be in the
range of 0.001% to 0.100%. It is preferable that the Al content be 0.005% or more or more preferably 0.010% or more.
In addition, it is preferable that the Al content be 0.060% or less or more preferably 0.040% or less.

Cr:10.0% to 24.0%

[0041] Cris an element which is most important for achieving the corrosion resistance of stainless steel. In the case
where the Cr content is less than 10.0%, it is not possible to achieve sufficient corrosion resistance in an automobile
exhaust gas atmosphere. On the other hand, in the case where the Cr content is more than 24.0%, since there is a
significant deterioration in toughness due to the formation of a ¢ (sigma) phase, it is not possible to achieve the specified
threshold stress intensity factor K¢ in the present invention. Therefore, the Cr content is set to be in the range of 10.0%
to 24.0%. Itis preferable that the Cr content be 14.0% or more, more preferably 16.0% or more, or even more preferably
17.0% or more. In addition, it is preferable that the Cr content be 21.5% or less, more preferably 19.5% or less, or even
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more preferably 18.5% or less.
Ni: 0.01% to 0.60%

[0042] Niis an element which improves the corrosion resistance of stainless steel and which inhibits the progress of
corrosion in a corrosive environment in which active dissolution occurs due to a passivation film not being formed. In
addition, since Ni is such a strong austenite-forming element as to suppress the formation of ferrite in a weld, Ni is
effective for inhibiting sensitization from occurring due to the precipitation of Cr carbonitrides. Such effects are obtained
in the case where the Ni content is 0.01% or more, and such effects increase with an increase in Ni content. However,
in the case where the Ni content is more than 0.60%, there is a deterioration in workability, and stress corrosion cracking
tends to occur. Moreover, since Ni is an expensive element, it is not preferable that the Ni content be increased, because
this results in an increase in manufacturing costs. Therefore, the Ni content is set to be 0.01% to 0.60%. It is preferable
that the Ni content be 0.10% or more. In addition, it is preferable that the Ni content be 0.50% or less or more preferably
0.40% or less.

Ti: 0.10% to 0.40%

[0043] Inthe presentinvention, Tiis a very important element. Since Ti is more likely than other elements to combine
with C and N such that the precipitation of Cr carbonitrides is inhibited, Ti is effective for decreasing a recrystallization
temperature and for inhibiting a deterioration in corrosion resistance caused by sensitization due to the precipitation of
Cr carbonitrides. It is necessary that the Ti content be 0.10% or more to obtain such effects. However, in the case where
the Ti content is more than 0.40%, since there is an excessive increase in the amount of solid solution Ti, there is
conversely an increase in recrystallization temperature, which makes it impossible to use the technique according to
the present invention. In addition, it is not preferable that the Ti content be more than 0.40% from the viewpoint of
manufacturing conditions, because this results in surface defects due to the formation of coarse Ti carbonitrides in a
casting process. Therefore, the Ti content is set to be 0.10% to 0.40%. It is preferable that the Ti content be 0.15% or
more or more preferably 0.20% or more. In addition, it is preferable that the Ti content be 0.35% or less or more preferably
0.30% or less. Here, from the viewpoint of the corrosion resistance of a weld, it is preferable that the Ti content satisfy
the relational expression Ti/(C+N) > 8 (where, in the relational expression, Ti, C, and N respectively denote the content
(mass%) of the corresponding elements).

N: 0.001% to 0.020%

[0044] In the case where the N content is more than 0.020%, there is a significant deterioration in workability and in
the corrosion resistance of a weld. Although itis preferable that the N content be as small as possible from the viewpoint
of corrosion resistance, it is not preferable that the N content be decreased to less than 0.001%, because this results
in an increase in manufacturing costs and in a decrease in productivity due to an increase in the time taken to perform
refining. Therefore, the N content is set to be in the range of 0.001% to 0.020%. It is preferable that the N content be
0.005% or more or more preferably 0.007% or more. In addition, it is preferable that the N content be 0.015% or less or
more preferably 0.012% or less.

[0045] The present invention provides ferritic stainless steel having a chemical composition containing the essential
elements describe above and the balance being Fe and inevitable impurities. Moreover, one, two, or more selected from
Cu, Mo, W and Co and/or one, two, or more of V, Nb, Zr, REM, B, Mg, and Ca may be optionally contained within the
ranges described below.

Cu: 0.01% to 1.00%

[0046] Cu is an element which is particularly effective for improving the corrosion resistance of a base metal and a
weld in an aqueous solution or in the case where weakly acidic water drops stick to them. Such an effect is obtained in
the case where the Cu content is 0.01% or more, and such an effect increases with an increase in Cu content. However,
in the case where the Cu content is more than 1.00%, there is a deterioration in hot workability, which may result in
surface defects. Moreover, there may be a case where it is difficult to perform descaling after annealing has been
performed. Therefore, in the case where Cu is contained, it is preferable that the Cu content be in the range of 0.01%
to 1.00%. Itis more preferable that the Cu content be 0.10% or more or even more preferably 0.30% or more. In addition,
it is more preferable that the Cu content be 0.60% or less or even more preferably 0.45% or less.
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Mo: 0.01% to 2.00%

[0047] Mo is an element which significantly improves the corrosion resistance of stainless steel. Such an effect is
obtained in the case where the Mo content is 0.01% or more, and such an effect increases with an increase in Mo
content. However, in the case where the Mo content is more than 2.00%, there may be a deterioration in manufacturability
due to an increase in rolling load when hot-rolling is performed, and there may be an excessive increase in the strength
of a steel sheet. In addition, since Mo is an expensive element, there is an increase in manufacturing costs in the case
where the Mo content is high. Therefore, in the case where Mo is contained, it is preferable that the Mo content be 0.01%
to 2.00%. Itis more preferable that the Mo content be 0.10% or more or even more preferably 0.30% or more. In addition,
it is more preferable that the Mo content be 1.40% or less or even more preferably 0.90% or less.

W: 0.01% to 0.20%

[0048] W is effective for improving corrosion resistance like Mo. Such an effect is obtained in the case where the W
content is 0.01% or more. However, in the case where the W content is more than 0.20%, since there is an increase in
strength, there may be a deterioration in manufacturability due to, for example, an increase in rolling load. Therefore, in
the case where W is contained, it is preferable that the W content be in the range 0f 0.01% to 0.20%. It is more preferable
that the W content be 0.05% or more. In addition, it is more preferable that the W content be 0.15% or less.

Co: 0.01% to 0.20%

[0049] Co is an element which improves toughness. Such an effect is obtained in the case where the Co content is
0.01% or more. On the other hand, in the case where the Co content is more than 0.20%, there may be a deterioration
in workability. Therefore, in the case where Co is contained, it is preferable that the Co content be in the range of 0.01%
to 0.20%. It is more preferable that the Co content be 0.10% or less.

V:0.01% to 0.20%

[0050] V improves the corrosion resistance of a weld by inhibiting sensitization from occurring when welding is per-
formed as a result of combining with C and N to form carbonitrides. Such an effect is obtained in the case where the V
content is 0.01% or more. On the other hand, in the case where the V content is more than 0.20%, there may be a
significant deterioration in workability and toughness. Therefore, it is preferable that the V content be 0.01% to 0.20%.
It is more preferable that the V content be 0.03% or more. In addition, it is more preferable that the V content be 0.10%
or less or even more preferably 0.05% or less.

Nb: 0.01% to 0.10%

[0051] Nb is effective for refining crystal grains and for improving the toughness of a steel sheet by forming a solid
solution in a parent phase. Such effects are obtained in the case where the Nb content is 0.01% or more. On the other
hand, since Nb is also effective for increasing a recrystallization temperature, there is an excessive increase in annealing
temperature at which sufficient recrystallization occurs in hot-rolled-sheet annealing in the case where the Nb content
is more than 0.10% such that there is significant coarsening of recrystallized grains to a maximum of 300 wm or more
during annealing, which may make it impossible to achieve the specified threshold stress intensity factor K. Therefore,
in the case where Nb is contained, it is preferable that the Nb content be in the range of 0.01% to 0.10%. It is more
preferable that the Nb content be 0.02% or more. In addition, it is more preferable that the Nb content be 0.05% or less.

Zr: 0.01% to 0.20%

[0052] Zris effective for inhibiting sensitization by combining with C and N. Such an effect is obtained in the case
where the Zr content is 0.01% or more. On the other hand, in the case where the Zr content is more than 0.20%, there
may be a significant deterioration in workability. Therefore, in the case where Zr is contained, it is preferable that the Zr
content be in the range of 0.01% to 0.20%. It is more preferable that the Zr content be 0.02% or more. In addition, it is
more preferable that the Zr content be 0.10% or less or even more preferably 0.05% or less.

REM: 0.001% to 0.100%

[0053] Since rare earth metals (REM) is effective for improving oxidation resistance, REM inhibits the formation of a
Cr-depleted zone directly underneath an oxide layer (welding temper color) in a weld by inhibiting the formation of the
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oxide layer. Such an effect is obtained in the case where the REM content is 0.001% or more. On the other hand, in the
case where the REM content is more than 0.100%, there may be a deterioration in manufacturability such as pickling
performance when cold-rolled-sheet annealing is performed. Therefore, in the case where REM is contained, it is pref-
erable that the REM content be in the range of 0.001% to 0.100%. It is more preferable that the REM content be 0.010%
or more. In addition, it is more preferable that the REM content be 0.050% or less.

B: 0.0002% to 0.0025%

[0054] B is an element which is effective for improving secondary work brittleness resistance after forming has been
performed. Such an effect is obtained in the case where the B content is 0.0002% or more. On the other hand, in the
case where the B content is more than 0.0025%, there may be a deterioration in workability and toughness. Therefore,
in the case where B is contained, it is preferable that the B content be in the range of 0.0002% to 0.0025%. It is more
preferable that the B content be 0.0003% or more. In addition, it is more preferable that the B content be 0.0006% or less.

Mg: 0.0005% to 0.0030%

[0055] Mg is an element which is effective for improving workability and toughness by improving the equiaxial crystal
ratio of a slab. Moreover, although there is a deterioration in toughness when there is coarsening of Ti carbonitrides in
the case of steel containing Ti as in the case of the present invention, Mg is also effective for inhibiting coarsening of Ti
carbonitrides. Such effects are obtained in the case where the Mg content is 0.0005% or more. On the other hand, in
the case where the Mg content is more than 0.0030%, there may be a deterioration in the surface quality of steel.
Therefore, in the case where Mg is contained, it is preferable that the Mg content be in the range of 0.0005% to 0.0030%.
It is more preferable that the Mg content be 0.0010% or more. In addition, it is more preferable that the Mg content be
0.0020% or less.

Ca: 0.0003% to 0.0030%

[0056] Ca is an element which is effective for preventing nozzle clogging, which tends to occur due to Ti-based
inclusions being crystallized when continuous casting is performed. Such an effect is obtained in the case where the Ca
content is 0.0003% or more. However, in the case where the Ca content is more than 0.0030%, there may be a deteri-
oration in corrosion resistance due to the formation of CaS. Therefore, in the case where Ca is contained, it is preferable
that the Ca content be in the range of 0.0003% to 0.0030%. It is more preferable that the Ca content be 0.0005% or
more. In addition, it is more preferable that the Ca content be 0.0015% or less or even more preferably 0.0010% or less.

Threshold stress intensity factor K: 20 MPa-m*/2 or more

[0057] In the case of the hot-rolled and annealed ferritic stainless steel sheet according to the present invention, by
controlling the threshold stress intensity factor K to be 20 MPa-m'/2 or more, it is possible to inhibit a crack from
occurring when punching work is performed to form a thick-walled flange. Itis preferable that the threshold stress intensity
factor K be 25 MPa-m'/2 or more or more preferably 30 MPa-m'2 or more. Here, the meaning of the term "thick-walled
flange" includes, for example, a flange having a wall thickness of 5.0 mm or more, although there is no particular limitation
on the thickness. It is preferable that the above-described flange have a wall thickness of, for example, 5.0 mm to 15.0
mm or more preferably 5.0 mm to 10.0 mm.

[0058] Hereafter, the method for manufacturing the hot-rolled and annealed ferritic stainless steel sheet according to
the present invention will be described. Hereinafter, the term "temperature" refers to the surface temperature of, for
example, a steel slab or a hot-rolled steel sheet, which is determined by using, for example, a surface pyrometer, unless
otherwise noted.

[0059] Itis possible to obtain the hot-rolled and annealed ferritic stainless steel sheet according to the presentinvention
by performing a hot-rolling process involving rough rolling and finish rolling which is composed of 3 passes or more on
a steel slab having the chemical composition described above, in which rolling in the final 3 passes of finish rolling is
performed in a temperature range of 800°C to 1100°C with an accumulated rolling reduction ratio of 25% or more to
obtain a hot-rolled steel sheet, and by further performing hot-rolled-sheet annealing in a temperature range of 800°C to
1100°C on the hot-rolled steel sheet.

[0060] First, molten steel having the chemical composition described above is prepared by using a known method
such as one which utilizes, for example, a converter, an electric furnace, or a vacuum melting furnace and made into
steel (slab) by using a continuous casting method or an ingot casting-slabbing method.

[0061] This slab is subjected to the hot-rolling after having been heated at a temperature of 1100°C to 1250°C for 1
hour to 24 hours or when the slab has a temperature of 1100°C to 1250°C without having been heated after casting has
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been performed. In the present invention, although there is no particular limitation on the rough rolling, it is preferable
that an accumulated rolling reduction ratio in the rough rolling be 65% or more to effectively break a cast structure before
the finish hot-rolling is performed, because this is effective for refining of crystal grains in the subsequent finish hot-
rolling. When the finish hot-rolling is subsequently performed to obtain a specified thickness, rolling in the final 3 passes
of the finish rolling is performed in a temperature range of 800°C to 1100°C with an accumulated rolling reduction ratio
of 25% or more.

Rolling temperature range in final 3 passes of finish hot-rolling: 800°C to 1100°C
Accumulated rolling reduction ratio in final 3 passes of finish hot-rolling: 25% or more

[0062] Although the coarse cast structure has been broken when the rough rolling is performed before the finish rolling
is performed, the crystal grains in such a broken structure is significantly coarse. To achieve the specified threshold
stress intensity factor K| after the hot-rolled-sheet annealing has been performed, it is necessary to effectively apply
rolling strain to, in particular, the central portion in the thickness direction while inhibiting excessive recovery from
occurring during rolling by appropriately controlling rolling temperature and accumulated rolling reduction ratio in the
final 3 passes of the finish hot-rolling.

[0063] To form a sufficient number of recrystallization sites for forming the specified microstructure in the subsequent
hot-rolled-sheet annealing process, by controlling rolling temperature in the final 3 passes of the finish hot-rolling to be
800°C to 1100°C, and by controlling accumulated rolling reduction ratio in the final 3 passes (= 100 - (final thickness/thick-
ness before rolling in final 3 passes is performed) X 100 [%]) to be 25% or more, it is necessary to effectively apply
rolling strain to the central portion in the thickness direction while preventing the rolling strain applied in the final 3 passes
from being eliminated through recovery.

[0064] In the case where the accumulated rolling reduction ratio in the final 3 passes of the finish hot-rolling is less
than 25%, since it is not possible to effectively apply rolling strain to the central portion in the thickness direction, colonies
are retained in the subsequent hot-rolled-sheet annealing process, which makes it impossible to achieve the specified
threshold stress intensity factor K. Therefore, the accumulated rolling reduction ratio in the final 3 passes is set to be
25% or more, preferably 30% or more, or even more preferably 35% or more. Here, although there is no particular
limitation on the upper limit of the accumulated rolling reduction ratio, in the case where the accumulated rolling reduction
ratio is excessively high, there is a deterioration in manufacturability due to an increase in rolling load, and rough surface
may occur after the rolling has been performed. Therefore, it is preferable that the accumulated rolling reduction ratio
be 60% or less.

[0065] Itis not preferable that the rolling temperature in the final 3 passes of the finish hot-rolling be lower than 800°C
from the viewpoint of manufacturing conditions, because this results in a significant increase in rolling load due to a
decrease in the temperature of a steel sheet. In addition, there may be a deterioration in surface quality due to rough
surface occurring on the surface of a steel sheet as a result of rolling at a low temperature. On the other hand, in the
case where the rolling temperature in the final 3 passes of the finish hot-rolling is higher than 1100°C, since the recovery
of strain applied by performing rolling occurs, there is an insufficient number of recrystallization sites after the subsequent
hot-rolled-sheet annealing has been performed, which makes it impossible to achieve the specified threshold stress
intensity factor K, due to colonies being retained after the hot-rolled-sheet annealing has been performed. Therefore,
the rolling temperature in the final 3 passes is set to be 800°C to 1100°C, preferably 800°C to 1050°C, or more preferably
850°C to 1000°C.

[0066] Here, to prevent rolling load from excessively increasing in a specific pass in the final 3 passes of the finish
hot-rolling, it is preferable that the rolling temperature range of the first pass of the final 3 passes be 950°C to 1100°C,
that the rolling temperature range of the second pass to be performed following the first pass be 925°C to 1075°C, and
that the rolling temperature range of the third pass to be performed following the second pass be 875°C to 1050°C.
[0067] In addition, the method for manufacturing the hot-rolled and annealed ferritic stainless steel sheet according
to the present invention is characterized by performing rolling with large rolling reduction in the final 3 passes of the
finish hot-rolling composed of 3 passes or more while controlling the rolling temperature range. In the case where such
rolling with large rolling reduction is performed in the final 4 passes or more, there is a decrease in the effect of applying
strain, because insufficient strain is applied to the central portion in the thickness direction due to the accumulated rolling
reduction ratio being divided into each of the passes even with the same accumulated rolling reduction ratio, and because
recovery in the interval time between the passes is promoted due to an increase in accumulated transporting time
between the passes. In addition, it is not preferable that the rolling temperature and the accumulated rolling reduction
ratio of the finish rolling be controlled in the final 2 passes or less, because this may result in a deterioration in manu-
facturability due to a significant increase in rolling load as a result of rolling being performed with such large rolling
reduction as an accumulated rolling reduction ratio of 25% or more in 2 passes. Therefore, in the method for manufacturing
the hot-rolled ferritic stainless steel sheet according to the presentinvention, the rolling temperature and the accumulated
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rolling reduction ratio are controlled in the final 3 passes of the finish rolling.

[0068] Here, in the method for manufacturing the hot-rolled ferritic stainless steel sheet according to the present
invention, since it is important that the rolling temperature and the accumulated rolling reduction ratio be controlled in
the final 3 passes of the finish hot-rolling, there is no particular limitation on the number of passes in the finish rolling as
long as the number of passes is 3 or more. However, in the case where the maximum number of passes is more than
15, since the temperature of a steel sheet tends to be decreased due to an increase in the number of contacts with
rolling rolls, it is necessary to perform, for example, external heating to keep the temperature of a steel sheet within a
specified temperature range, which may result in a deterioration in manufacturability or an increase in manufacturing
costs. Therefore, it is preferable that the maximum number of passes be 15 or less or more preferably 10 or less.
[0069] After the finish hot-rolling has been performed, cooling followed by coiling is performed on the steel sheet to
obtain a hot-rolled steel strip. In the present invention, although there is no particular limitation on the coiling temperature,
there may be a case where embrittlement occurs due to 475°C embrittlement in the case where the coiling temperature
is more than 450°C to less than 500°C. Therefore, it is preferable that the coiling temperature be 450°C or lower or
500°C or higher.

Hot-rolled-sheet annealing temperature: 800°C to 1100°C

[0070] In the presentinvention, hot-rolled-sheet annealing is performed after the above-described hot-rolling process
has been performed. In the hot-rolled-sheet annealing, a microstructure formed by performing rolling work in the hot-
rolling process is recrystallized. In the present invention, by effectively applying rolling strain to a steel sheet in the hot-
rolling process to increase the number of recrystallization sites, the breaking of colonies in the hot-rolled-sheet annealing
is promoted. It is necessary that the hot-rolled-sheet annealing be performed at a temperature of in the range of 800°C
to 1100°C to obtain such an effect. In the case where the annealing temperature is lower than 800°C, since sufficient
recrystallization does not occur, it is not possible to achieve the specified threshold stress intensity factor K. On the
other hand, in the case where the annealing temperature is higher than 1100°C, since there is a significant coarsening
of recrystallized grains to a maximum of 300 wm or more, which makes it impossible to achieve the specified threshold
stress intensity factor K. Therefore, the hot-rolled-sheet annealing temperature is set to be 800°C to 1100°C. A hot-
rolled steel sheet which has been subjected to such hot-rolled-sheet annealing described above has the chemical
composition described above and a threshold stress intensity factor K, of 20 MPa-m'/2 or more. It is preferable that the
hot-rolled-sheet annealing temperature be 800°C to 1050°C or more preferably 850°C to 1000°C. Here, there is no
particular limitation on the holding time or the method used for hot-rolled-sheet annealing, any one of box annealing
(batch annealing) and continuous annealing may be used.

[0071] The obtained hot-rolled and annealed steel sheet may be subjected to a descaling treatment such as shot
blasting or pickling as needed. Moreover, grinding, polishing, or the like may be performed to improve surface quality.
In addition, the hot-rolled and annealed steel sheet provided by the present invention may further be subjected to cold
rolling and cold-rolled-sheet annealing.

EXAMPLES

[0072] Hereafter, the present invention will be described in detail on the basis of examples.

[0073] Molten stainless steels having the chemical compositions given in Table 1 were prepared by performing refining
which utilized a converter having a capacity of 150 tons and a strong stirring-vacuum oxygen decarburization

[0074] (SS-VOD) method, and steel slabs having a width of 1000 mm and a thickness of 200 mm were then manu-
factured by using a continuous casting method. The obtained slabs other than No. 31 were heated at a temperature of
1200°C for one hour and then subjected to hot-rolling in which reverse-type rough rolling was performed by using 3
rolling stands to obtain steel plates having a thickness of about 40 mm and in which the final 3 passes of finish rolling
composed of 7 passes (the fifth pass, the sixth path, and the seventh pass) were then performed under the conditions
givenin Table 2 to obtain hot-rolled steel sheets. The slab of No. 31 was subjected to heating at a temperature of 1300°C
for one hour followed by the hot-rolling. The obtained hot-rolled steel sheets were similarly subjected to hot-rolled-sheet
annealing using a box annealing method under the conditions given in Table 2 to obtain hot-rolled and annealed steel
sheets.

[0075] The obtained hot-rolled and annealed steel sheets were evaluated as described below.

(1) Evaluation of threshold stress intensity factor K
[0076] A CT test piece in accordance with ASTM E 399 was taken from the central portion in the width direction of the

steel sheet so that the direction of a fatigue precrack was in a direction perpendicular to the rolling direction and the
stress axis was in a direction parallel to the rolling direction. The threshold stress intensity factor K| of the test piece
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was determined in accordance with ASTM E 399. A case where the threshold stress intensity factor K, was 20 MPa-m1/2
or more was judged as passed, and a case where the threshold stress intensity factor K, was less than 20 MPa-m1/2
was judged as failed.

(2) Evaluation of corrosion resistance

[0077] A test piece was prepared by taking a test piece having a size of 60 mm X 100 mm from the hot-rolled and
annealed steel sheet, by polishing the evaluation surface thereof by using #600 emery paper, and by sealing the end
surfaces thereof and subjected to a salt spray cyclic corrosion test prescribed in JIS H 8502. The salt spray cyclic
corrosion test was performed in such a manner that a unit cycle was repeated 5 times, where the unit cycle consists of
salt spraying (5 mass% NaCl, 35°C, 2-hour spraying), drying (60°C, 4 hours, relative humidity = 40%), and wetting (50°C,
2 hours, relative humidity > 95%). The rust area on the evaluation surface of the test piece was determined by performing
image analysis on a photograph of the evaluation surface of the test piece which had been subjected to 5 cycles of the
salt spray cyclic corrosion test, and a rust area ratio ((rust area of test piece/total area of test piece) X 100 [%]) was
calculated as the ratio of the rust area to the total area of the test piece. A case where the rust area ratio was 10% or
less was judged as a case of particularly excellent corrosion resistance, that is, judged as passed (©), a case where
the rust area ratio was more than 10% and 25% or less was judged as passed (O), and a case where the rust area ratio
was more than 25% was judged as failed (X).

[0078] The test results are given along with the hot-rolling conditions and the hot-rolled-sheet annealing conditions in
Table 2.
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[0079] In the case of Nos. 1 through 26 where the chemical composition of steel, the hot-rolling conditions, and the
hot-rolled-sheet annealing conditions were within the ranges according to the present invention, as a result of colonies
being effectively broken by performing the specified hot-rolling and hot-rolled-sheet annealing, the specified threshold
stress intensity factor K| was achieved. Moreover, the corrosion resistance of the obtained hot-rolled and annealed
steel sheets was evaluated and, as aresult, it was clarified that any of such steel sheets had sufficient corrosion resistance
represented by a rust area ratio of 25%.

[0080] In particular, in the case of Nos. 5 through 7 and 10 where steels E, F, G, and J containing Mo were respectively
used, and in the case of Nos. 8 and 9 where steels H and | containing Cu were respectively used, particularly excellent
corrosion resistance represented by a rust area ratio of 10% or less (©) was achieved.

[0081] In the case of No. 27 where the rolling temperature in the final 3 passes was higher than the range according
to the present invention, although rolling was performed with the specific accumulated rolling reduction ratio, since the
recovery of strain due to work occurred as a result of the rolling temperature being excessively high, colonies were
retained after the hot-rolled-sheet annealing had been performed due to an insufficient number of recrystallization sites,
which resulted in the specific threshold stress intensity factor K¢ not being achieved.

[0082] Inthe case of No. 28 where the accumulated rolling reduction ratio in the final 3 passes was less than the range
according to the present invention, since sufficient strain due to rolling work was not applied to the central portion in the
thickness direction, colonies were retained in the central portion in the thickness direction after the hot-rolled-sheet
annealing had been performed, which resulted in the specific threshold stress intensity factor K not being achieved.
[0083] In the case of No. 29 where the hot-rolled-sheet annealing temperature was higher than the range according
to the present invention, there was a significant coarsening of recrystallized grains formed, which resulted in the specific
threshold stress intensity factor K| not being achieved.

[0084] In the case of No. 30 where the hot-rolled-sheet annealing temperature was lower than the range according to
the present invention, since sufficient recrystallization did not occur, colonies were retained without being broken, which
resulted in the specific threshold stress intensity factor K| not being achieved.

[0085] No. 31 is an example in which a slab was subjected to hot-rolling following heating at a temperature of 1300°C
for one hour and in which the rolling temperature of the each of the final 3 passes of the finish hot-rolling was higher
than 1100°C. In the case of No. 31, since the recovery of strain due to work excessively occurred during rolling in the
final 3 passes, colonies were retained after the hot-rolled-sheet annealing had been performed due to insufficient number
of recrystallization sites, which resulted in the specific threshold stress intensity factor K- not being achieved.

[0086] In the case of No. 32 where the rolling temperature range of the each of the final 3 passes was lower than the
range according to the present invention, since it was not possible to complete rolling in the final pass as a result of
rolling load exceeding the acceptable load limit of the equipment due to a significant increase in rolling load, it was not
possible to conduct the specified evaluations.

[0087] In the case of No. 33 where steel V, whose Ti content was more than the range according to the present
invention, was used, since there was an increase in recrystallization temperature due to excessive Ti content such that
sufficient recrystallization did not occur even though the specific hot-rolled-sheet annealing was performed, colonies
were retained, which resulted in the specific threshold stress intensity factor K| not being achieved. On the other hand,
in the case of No. 34 where steel W, whose Ti content was less than the range according to the present invention, was
used, since a large amount of Cr carbonitrides were precipitated when the hot-rolled-sheet annealing was performed,
sensitization occurred, which resulted in the specified corrosion resistance not being achieved. In addition, in the case
of No. 35 where steel Z, whose Ti content was less than the range according to the present invention, and whose Nb
content was more than the range according to the present invention, was used, since it was necessary to perform
annealing at an excessively high temperature in response to the excessively large Nb content to form a sufficient amount
of recrystallized microstructure when the hot-rolled-sheet annealing is performed, there was a significant deterioration
in toughness due to a significant coarsening of the recrystallized grains formed by performing the hot-rolled-sheet
annealing, which resulted in the specific threshold stress intensity factor K, not being achieved. Moreover, since a large
amountof Cr carbonitrides was precipitated due to insufficient Ti content when hot-rolled-sheet annealing was performed,
sensitization occurred, which resulted in the specified corrosion resistance not being achieved.

Industrial Applicability
[0088] The hot-rolled and annealed ferritic stainless steel sheet obtained in the present invention can preferably be

used in applications in which high workability and corrosion resistance are required, in particular, used for, for example,
a flange having a portion subjected to burring work.
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Claims

A hot-rolled and annealed ferritic stainless steel sheet having
a chemical composition containing, by mass%,

C: 0.001% to 0.020%,

Si: 0.05% to 1.00%,

Mn: 0.05% to 1.00%,

P: 0.04% or less,

S: 0.01% or less,

Al: 0.001% to 0.100%,

Cr: 10.0% to 24.0%,

Ni: 0.01% to 0.60%,

Ti: 0.10% to 0.40%,

N: 0.001% to 0.020%, and the balance being Fe and inevitable impurities, and
a threshold stress intensity factor K of 20 MPa-m/2 or more.

The hot-rolled and annealed ferritic stainless steel sheet according to Claim 1, wherein the chemical composition
further contains, by mass%,

one, two, or more selected from Cu: 0.01% to 1.00%,

Mo: 0.01% to 2.00%,

W: 0.01% to 0.20%, and

Co: 0.01% to 0.20%.

The hot-rolled and annealed ferritic stainless steel sheet according to Claim 1 or 2, wherein the chemical composition
further contains, by mass%,

one, two, or more selected from V: 0.01% to 0.20%,

Nb: 0.01% to 0.10%,

Zr: 0.01% to 0.20%,

REM: 0.001% to 0.100%,

B: 0.0002% to 0.0025%,

Mg: 0.0005% to 0.0030%, and

Ca: 0.0003% to 0.0030%.

A method for manufacturing the hot-rolled and annealed ferritic stainless steel sheet according to any one of Claims
1 to 3, the method comprising

performing a hot-rolling process including finish rolling composed of 3 passes or more, in which rolling in final 3
passes of the finish rolling is performed in a temperature range of 800°C to 1100°C with an accumulated rolling
reduction ratio of 25% or more to obtain a hot-rolled steel sheet and

performing hot-rolled-sheet annealing on the hot-rolled steel sheet at a temperature of 800°C to 1100°C.
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