DESCRI PTI ON

Title of Invention
H GH STRENGTH STAI NLESS STEEL SHEET HAVI NG EXCELLENT

FATI GUE CHARACTERI STI CS, AND METHOD FOR MANUFACTURI NG SAME

Technical Field
[ 0001]

The present invention relates to, in a stainless stee
speci es capable of providing an extrenely high strength by
utilizing formation of a deformation induced nmartensite
phase, solid-solution strengthening by a large Si content,
and age hardening, a steel sheet that is significantly
suppressed in formation of a coarse hard non-netallic
inclusion. The invention alsorelates to a production nmet hod

t her ef or.

Background Art
[ 0002]

As a high strength stainless steel, a netastable
austenite stainless steel represented by SUS301 has been
wi del y used. However, for providing a high strength with
SUS301, the cold rolling reduction ratio is necessarily
i ncreased, and accordingly the reduction in toughness is

associated therewth. As a technique for avoiding the



probl emto achi eve both a high strength and a hi gh toughness
at high I evels sinultaneously, a neasure of achieving a high
strength by utilizing formation of a deformation induced
martensite phase, solid-solution strengthening by a large S
content, and age hardeni ng has been known, and has been used
in such purposes as an I D saw bl ade substrate and the like
(PTL 1).
[ 0003]

The stainless steel of the type described in PTL 1 has
a high strength and a hi gh toughness through formation of a
dual phase structure of a deformation i nduced nartensite and
austenite through cold rolling, and has good fatigue
resi stance characteristics as a rotary nenber having a sheet
t hi ckness of 0.1 mmor nore, such as an I D saw bl ade. However,
a further enhancenent of t he fatigue resi stance
characteristics is demanded in the case where the stainless
steel is worked into a thin sheet material having a sheet
thi ckness of less than 0.1 mm particularly from 20 to 70
um and is applied to the purpose of a spring material, which
repeatedly receives elastic defornmation. Exanpl es of the
factors deteriorating the fatigue resistance characteristics
of a steel material include the presence of a non-netallic
i nclusion. Even assum ng inclusions having the sane size,
when t he sheet thickness is decreased, the | ength proportion

in the sheet thickness direction of the inclusion occupied



in the sheet thickness is increased, and stress is
concentrated to the circunference of the inclusion particles,
whi ch function as a starting point or a propagation path of
cracks. It is nore difficult in a thinner sheet material to
avoi d the decrease of the fatigue characteristics caused by
the non-netal lic inclusion.

[ 0004]

As a nmethod for decreasing the anmount of the non-
nmetallic inclusionin a steel material (i.e., increasing the
cl eanliness degree thereof), neasures for optimzing the
slag conposition in refining have been variously
I nvesti gat ed. However, from the standpoint of preventing
wor ki ng cracks and fatigue breaking, it is not necessarily
sufficient that only the cleanliness degree is sinply
enhanced, and the control of the conposition of the non-
netallic inclusion is said to be effective. For exanpl e,
PTL 2 descri bes a neasure, in which in manufacture of general
pur pose austenite steel species, such as SUS304, the
conposition of the non-netallic inclusion is controlled by
adjusting the slag basicity to from 1.4 to 2.4 with a
refining furnace having a lining of a dolomte refractory,
and thereby an austenite stainless steel having no working
crack is provided. However, according to the researches by
the present inventors, it has been found that even though

the neasure described in PTL 2 is tried for a steel species



having a large Si content, it is difficult to inprove
significantly the fatigue characteristics of the thin sheet
mat eri al .

[ 0005]

PTL 3 describes a technique, in which in a large Si
content austenite stainless steel, the total anobunt of the
B: type inclusions having high nmelting points mainly forned
of alum na i s decreased, and t hereby t he corrosi on resistance
in high-tenperature and high-concentration nitric acid is
inmproved. It is described that for suppressing formation of
the B: type inclusions, the reduction recovery of Cr with Al
iIs not perforned, and an Fe-Si alloy having a small Al
content of approximately 0.1%is added (paragraphs 0052 and
0053). However, the target steel in PTL 3 is an austenite
single phase steel having a N content of 10% or nore
(paragraph 0033), which is not a steel species that intends
t he enhancenent of the strength through the formation of a
deformation induced martensite phase. The literature does
not teach a neasure for inproving the fatigue resistance
characteristics in a thin sheet material for a purpose of a
spring. As described later, it is inportant that the
formation of the TiN based inclusion is suppressed for
improving the fatigue resistance characteristics of the
st eel species targeted in the invention, but t he

manufacturing nethod described in the literature cannot



stably decrease the Ti N based incl usion.

Citation List
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[ 0006]
PTL 1: Japanese Patent No. 3,219, 117
PTL 2: Japanese Patent No. 3, 865, 853

PTL 3: Japanese Patent No. 5,212,581

Summary of | nvention
Techni cal Probl em
[ 0007]

Among non-netallic inclusions contained in the steel,
an inclusion of a kind having a high nelting point and a
| ar ge hardness remai ns as a granul ar matter after hot rolling,
and after cold rolling, the hard grains having been crushed
to a certain extent remain and line up in the rolling
di rection. Therefore, it is considered that the fatigue
resi stance characteristics of the thin sheet materi al can be
enhanced by significantly suppressing the formation of the
hard non-netallic inclusion of this type. However, for
providing a considerably high strength level for the steel
species of the deformation i nduced martensite form ng type,
it is necessary to contain Si in a | arge anbunt exceedi ng 2%

by mass. Wen the Si content in the steel is increased in



this manner, it is considerably difficult to suppress the
formation of the hard non-netallic inclusion. As described
in PTL 3, even such a neasure is applied that A is not
added, and an Fe-Si all oy having a small Al content is added,
the fatigue resistance characteristics of the thin sheet
mat eri al cannot be stably inproved.
[ 0008]

The invention is to achieve, in nass production sites,
a thin sheet material having a sheet thickness of from20 to
500 umhavi ng a di stribution node of a non-netal lic inclusion
that is effective for inproving the fatigue resistance
characteristics, in a stainless steel of the deformation

i nduced martensite formng type having a large Si content.

Sol ution to Probl em
[ 0009]

As aresult of detailed investigations by the inventors,
it has been found that in a large Si content stainless stee
species of the deformation induced nartensite form ng type,
for inmproving the fatigue resistance characteristics in the
use as a thin sheet spring material, it is considerably
effective to decrease the anmpbunt of a Ti N based inclusion
and a spinel based inclusion containing one or nore of Al
and My each having a circle equivalent diameter of 6.0 umor

nore present in the hot rolled steel sheet. It has also



been found that the decrease of the coarse inclusions can be
achieved in mass production operation by strictly managi ng
the incorporation of Ti and Al from the attachnment of the
contai ner housing the nolten steel, the auxiliary raw
material, and the slag formng flux, and controlling the
basicity of the final slag forned after the addition of Si
to a range that is |ower than the ordinary range. When the
hot rolled steel sheet is formed into a thin sheet through
a coldrolling process, the inclusions in the thin sheet are
in such an existence formthat is considerably advant ageous
for t he i mpr ovenent of t he fatigue resi stance
characteristics. The invention has been made based on the
know edge.

[0010]

For achieving the object, the invention provides a
stainl ess steel sheet: having a sheet thickness of from 20
to 500 um having a chem cal conposition containing, interns
of percentage by mass, from0.010 to 0.200% of C, nore than
2.00% and 4.00% or less of Si, from 0.01 to 3.00% of M,
3.00% or nore and less than 10.00% of N, from 11.00 to
20.00% of Cr, from0.010 to 0.200%of N, fromO to 3.00% of
M, fromO to 1.00%of Cu, fromO to 0.008%of Ti, fromO to
0.008% of A, and the balance of Fe, wth unavoidable
impurities; and having, wth an assunption that in a cross

section (L cross section) in parallel to arolling direction



and a sheet thickness direction, a group of non-netallic
inclusion particles that line up with an interparticle
distance in the rolling direction of 20 um or less (i.e.
fromO to 20 um) and an interparticle distance in the sheet
t hi ckness direction of 10 umor less (i.e., fromO to 10 um
is one non-netallic inclusion, a nunber density of the non-
metallic inclusion having a length in the rolling direction
of 40 umor nore of 3.0 or less per square mllinmeter on the
L cross section.

[ 0011]

Herein, the interparticle distance (um in the rolling
direction of two particles appearing on the L cross section
is the distance (un) in the rolling direction between the
areas in the rolling direction where the particles are
present respectively in the case where the areas in the
rolling direction do not overlap each other, or is O umin
the case where the areas overlap each other. Simlarly, the
interparticle distance (um in the sheet thickness direction
of two particles appearing on the L cross section is the
di stance (um) in the sheet thickness direction between the
areas in the sheet thickness direction where the particles
are present respectively in the case where the areas in the
sheet thickness direction do not overlap each other, or is

O umin the case where the areas overlap each other. The

two particles that have an interparticle distance in the



rolling direction of 20 um or less and an interparticle
di stance in the sheet thickness direction of 10 um or |ess
bel ong to the sane "group".

[0012]

In the non-netallic inclusion having a length in the
rolling direction of 40 um or nore, exanples thereof that
exert a particularly large influence on the fatigue
resi stance characteristics include a nmaterial containing one
or two of (i) and (ii): (i) a TiN based inclusion particle
and (ii) a spinel based inclusion particle containing one or
nore of Al and M.

[ 0013]

The Ti content is the total Ti content in the steel
including Ti that is present as an inclusion. Simlarly,
the Al content is the total Al content in the steel including
Al that is present as an inclusion.

The nunber density of the inclusion can be neasured by
observi ng an observati on plane obtained by mrror-polishing
the L <cross section with an SEM (scanning electron
m croscope). The discrimnation in terns of kind of the
I ncl usi on anong the Ti N based inclusion and the spinel based
i nclusion containing one or nore of Al and My can be nade,
for exanple, by elenental analysis with an EDX (energy
di spersive X-ray spectronetry) attached to the SEM

[ 0014]



Fig. 1 shows an exanple of the SEM m crograph of the
i nclusion appearing on the L <cross section of the
conventional cold rolled steel sheet having a sheet thickness
of 120 um (Conventional Exanple No. 1 described later). The
horizontal direction in the figure agrees with the rolling
direction, and the vertical direction in the figure agrees
with the sheet thickness direction. Goups of non-netallic
inclusion particles lining up substantially along the
rolling direction appear at two positions (A and (B). The
interparticle distance in the sheet thickness direction
bet ween the proxi mate particles of the groups (A) and (B) is
shown in the synbol Sin Fig. 1. The interparticle distance
in the sheet thickness direction S exceeds 10 um and
therefore taking all the particles of the groups (A and (B)
as the target, the particles do not correspond to the "group
of non-netallic inclusion particles that line up with an
interparticle distance in the rolling direction of 20 um or
|l ess and an interparticle distance in the sheet thickness
direction of 10 umor l|less". Taking only the particles of
the group (A) as the target, all the constitutional particles
each have an interparticle distance in the rolling direction
of 20 umor less and an interparticle distance in the sheet
t hi ckness direction of 10 umor less with respect to at | east
one of the other particles, and therefore the particles

constituting the group (A) correspond to the "group of non-
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netallic inclusion particles that |Iine up wth an
interparticle distance in the rolling direction of 20 um or
|l ess and an interparticle distance in the sheet thickness
direction of 10 um or |ess". Accordingly, the particles
constituting the group (A are assuned to be one non-netallic
inclusion. Simlarly, the particles constituting the group
(B) are also assuned to be one non-netallic inclusion.
Consequently, two non-netallic inclusions are present in Fig.
1, and the lengths inthe rolling direction thereof are shown
by La and Lg respectively in Fig. 1. Therein, Lais 40 umor
nore, and therefore in the two non-nmetallic inclusions, the
non-nmetallic inclusion having a length in the rolling
direction La corresponds to the "non-netallic inclusion
having a length in the rolling direction of 40 umor nore".

As a result of an EDX analysis, these non-netallic
i nclusions each are a Ti N based incl usi on.
[ 0015]

Fig. 2 shows an exanple of the SEM m crograph of the
I ncl usi on appearing on the L cross section of the cold rolled
steel sheet having a sheet thickness of 120 um according to
the invention (lnvention Exanple No. 5 described later) in
adifferent viewfield fromFig. 1. The horizontal direction
in the figure agrees with the rolling direction, and the
vertical direction in the figure agrees wth the sheet

thi ckness direction. The non-netallic inclusion particles

11



present in the formof lining upin Fig. 2 correspond to the
"group of non-netallic inclusion particles that line up with
an interparticle distance in the rolling direction of 20 pum
or less and an interparticle distance in the sheet thickness
direction of 10 umor |ess", and therefore the non-netallic
inclusion particles are assuned to be one non-netallic
inclusion. The non-netallic inclusion has a length in the
rolling direction that slightly exceeds 40 um and therefore
corresponds to the "non-netallic inclusion having a length
in the rolling direction of 40 um or nore".

As a result of an EDX analysis, these non-netallic
I ncl usions each are a Ti N based incl usi on.

[ 0016]

The nunber density of the non-netallic inclusion
having a length in the rolling direction of 40 umor nore on
the L cross section of the steel sheet can be obtained in
the foll ow ng manner.

Measurenment Method for Nunmber Density of Non-netallic
Inclusion having Length in Rolling Direction of 40 um or
nor e

The observation pl ane obtai ned by mrror-polishing the
cross section (L cross section) in parallel to the rolling
direction and the sheet thickness direction of the steel
sheet is observed with an SEM A neasurenent field having

a length in the rolling direction of 100 um or nore and a

12



| ength in the sheet thickness direction of the overall |ength
in the sheet thickness direction is arbitrarily determ ned,
and in all the "non-netallic inclusions having a length in
the rolling direction of 40 um or nore" that are present
entirely or partially in the nmeasurenent field, the nunber
of the inclusion that is present entirely in the neasurenent
field and the inclusion that partially protrudes outside the
neasurenent field but is present in the neasurenment field
with a half or nore part thereof in the rolling direction
present in the nmeasurenent field is counted. This operation
is performed for one neasurenent field or two or nore
measurenent fields that do not overlap each other until the
total area of the neasurenent fields reaches 10 nm? or nore,
and the value obtained by dividing the sum of the counted
nunbers for the neasurenent fields by the total area of the
nmeasurenent fields is designated as the "nunber density (per
square millinmeter) of the non-netallic inclusion having a
length in the rolling direction of 40 umor nore".

[0017]

In the stage of the hot rolled steel sheet, the tota
nunber density of the TiN based inclusion and the spine
based inclusion containing one or nore of Al and My each
having a circle equival ent dianmeter of 6.0 umor nore on the
L cross section is preferably 0.05 or less per square

mllinmeter.
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The circle equivalent dianmeter 1is the particle
di ameter converted to the dianeter of the circle that has
the sane area as the projected area of the inclusion particle
appearing on the observation surface. The circle equival ent
di anmeters of each of the inclusion particles can be
cal cul ated, for exanple, by conputer inmage processing of an
SEM m crograph of the inclusion. The nunber density of the
inclusion in the hot rolled steel sheet can be obtained in
the foll ow ng manner.
[0018]
Measurenment Method for Number Density of Inclusion in Hot
Rol | ed Steel Sheet

The observation pl ane obtai ned by mrror-polishing the
cross section (L cross section) in parallel to the rolling
direction and the sheet thickness direction of the steel
sheet is observed with an SEM A rectangul ar neasurenent
field is determned in a randomy selected view field, and
in all the inclusion particles observed in the view field
that are a Ti N based inclusion or a spinel based inclusion
containing one or nore of Al and My and have a circle
equi val ent dianeter of 6.0 um or nore, the nunber of the
particle that is present entirely in the nmeasurenent field
and the particle that partially protrudes outside the
neasurenent field but is present in the neasurenent field

with a half or nore part of the particle area present in the
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neasurenent field is counted. This operation is perforned
for plural view fields that do not overlap each other until
the total area of the measurement fields reaches 200 mMm?# or
nore, and the value obtained by dividing the sum of the
counted nunbers for the viewfields by the total area of the
nmeasurenent fields is designhated as the "total nunber density
(per square mllineter) of the Ti N based inclusion and the
spi nel based inclusion containing one or nore of Al and My
each having a circle equival ent dianmeter of 6.0 umor nore".
[ 0019]

Wth the hot rolled steel sheet exhibiting the
af orenenti oned i nclusion distribution, a thin sheet materi al
obt ai ned t herefrom through subsequent cold rolling provides
the aforenentioned prescribed inclusion distribution,
providing a significant inprovenent effect of the fatigue
resi stance characteristics. As the thin sheet materi al
exanpl es thereof that are particularly preferred include a
thin sheet material having a tensile strength in the rolling
direction of 2,000 N m# or nore. The steel sheet obtained
by cold rolling the hot rolled steel sheet having the
aforenenti oned conposition has a mxed structure of a
deformation i nduced martensite phase and an austenite phase
for the matrix (nmetal basis nmaterial).

[ 0020]

As a production nmethod of the aforenentioned steel

15



sheet, there is provided a production nmethod of a stainless
steel s sheet contai ni ng:

a step of providing a nolten steel having the
af orenenti oned chem cal conposition, in such a nmanner that
I n conponent control by adding an auxiliary raw material and
a slag formng flux to a nolten steel having a C content of
0.20% or less having a Cr oxide-containing slag on a nolten
steel surface after subjecting to a decarburization process
by blowing oxygen into a Cr-containing nolten iron, a
contai ner housing the nolten steel, the auxiliary raw
material, and the slag formng flux used are selected to
make a Ti content in the nolten steel of 0.008% by mass or
| ess and an Al content therein of 0.008%by nmass or |ess, at
least an Fe-Si alloy as the auxiliary raw material 1is
dissolved in the nolten steel to perform deoxidation,
reduction and recovery of C in the slag into the nolten
steel, and control of a Si content in the steel, and a Ca-
containing slag formng flux is added to control a slag
basicity (i.e., anmass ratio of CaO S &) tofroml1l.3to 1.5

a step of providing a cast piece by casting the nolten
steel obtained in the precedi ng step;

a step of providing a hot rolled steel sheet by
subj ecting the cast piece to hot working including at |east
hot rolling;, and

a step of providing a cold rolled steel sheet having

16



a sheet thickness of from20 to 500 um by subjecting the hot
roll ed steel sheet to annealing and cold rolling one or nore
times.
[ 0021]

Herein, the operation "sel ecting the contai ner housing
the nolten steel, the auxiliary raw material, and the slag
formng flux used to make a Ti content in the nolten steel
of 0.008%by nass or | ess and an Al content therein of 0.008%
by mass or | ess" neans that the container housing the nolten
steel having a small anount of the attachnent or no
attachnment is used, and the auxiliary raw material and the
slag formng flux having an inpurity content managed to a
| ow | evel are used, so as to prevent the Ti content in the
nolten steel from exceeding 0.008% by mass and to prevent
the Al content therein fromexceedi ng 0.008% by nass, due to
Ti and Al incorporated fromthe attachnment of the container
housing the nolten steel, the auxiliary raw material, and
the slag formng flux into the nolten steel. The nolten
steel in the stage after conpleting the decarburization
process by bl owi ng oxygen into the Cr-containing nolten iron
can be assuned to have the Ti and A contents of
substantially zero. Therefore, a steel having a Ti content
of fromO to 0.008% and an Al content of fromO to 0.008%
can be obtained by preventing or decreasing as nuch as

possi bl e the incorporation thereof fromthe outside.
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The contai ner housing the nolten steel, the auxiliary
raw material, and the slag formng flux used are nore
preferably selected to make a Ti content in the nolten stee
of 0.006% by nass or | ess and an Al content therein of 0.006%
by mass or | ess.

[ 0022]

Speci fic exanples of the container housing the nolten
steel include a refining vessel and a ladle that are lined
with a refractory. The ladle may be used directly as the
refining vessel. The container housing the nolten steel
used is preferably a container having a refractory
constituting the inner surface of the container that is not
used for housing a nolten steel (i.e., a new ladle).

The Fe-Si alloy used preferably has an A content of
0.05% by mass or less, and a Ti content of 0.05% by mass or
| ess.

VWiile the content of My, which is an elenment formng
t he spinel based inclusion, in the steel is not particularly
defined, it has been confirned that the My content can be
decreased to a level <causing no problem through the
af orenenti oned sel ecti on of the container housing the nolten
steel, the auxiliary raw material, and the slag formng fl ux
effective for decreasing the Ti and Al contents. In this
case, the total My content in the steel may be 0.002% by

mass or | ess.
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[ 0023]

The cold rolled steel sheet nay be subjected to an
aging treatnment, and thereby providing a steel sheet having
a mxed structure of a deformation induced nartensite phase
and an austenite phase for the matrix (netal basis material)
and atensile strength intherolling direction, for exanple,

of 2,000 NNm?® or nore.

Advant ageous Effects of Invention
[ 0024]

According to the invention, a thin sheet material
having a significantly decreased nunber of a hard non-
nmetallic inclusion having a large length in the rolling
direction in a large Si content stainless steel species of
the deformation induced nmartensite formng type can be
achieved in a nmass production operation. The large Si
content stainless steel species of this type can exhibit a
maxi mum | evel of strength anong the stainless steel species,
and has been used mainly such purposes as an |ID saw bl ade.
The thin sheet material can be i nproved i n fatigue resistance
characteristics by the inclusion control according to the
i nvention, and thus the thin sheet nmaterial can be applied
to the purpose of a thin sheet spring material. Accordingly,
the invention can contribute to the further size reduction

of the thin sheet spring conponent used in el ectroni c devices
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and the like through the utilization of the high strength

characteristics inherent to the steel species.

Brief Description of Draw ngs
[ 0025]

Fig. 1 is the SEM mcrograph of the non-netallic
I ncl usi on appearing on the L cross section of the cold rolled
steel sheet of Conventional Exanple No. 1.

Fig. 2 is the SEM mcrograph of the non-netallic
I ncl usi on appearing on the L cross section of the cold rolled
steel sheet of Invention Exanple No. 5.

Fig. 3 is the SEM m crograph of the typical Ti N based
i ncl usi on observed on the L cross section of the hot rolled
steel sheet of Conventional Exanple No. 4.

Fig. 4 is the SEM m crograph of the typical Ti N based
i ncl usi on observed on the L cross section of the hot rolled

steel sheet of Invention Exanple No. 5.

Descri ption of Enbodi nents
[ 0026]
Chem cal Conposition
The percentage for the chemcal conposition is
per cent age by mass unl ess ot herw se indi cat ed.
The invention targets a steel having the follow ng

chem cal conposition (A).
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(A In terns of percentage by nass, from 0.010 to
0.200% of C, nore than 2.00% and 4.00% or less of Si, from
0.01 to 3.00% of M, 3.00% or nore and |ess than 10.00% of
Ni, from11.00 to 20.00% of Cr, from 0.010 to 0.200% of N,
fromO to 3.00% of Mo, fromO to 1.00% of Cu, fromO to
0.008%of Ti, fromO to 0.008%of A, and the bal ance of Fe,
Wi t h unavoi dabl e inpurities.

The steel species having the conposition forns
deformation i nduced martensite and is increased in strength
in cold rolling. Furthernore, in the subsequent aging
treatnent, the solute atons, such as Cand N, forma Cottrel
atnosphere mainly in the martensite phase to fix the
di sl ocation, which causes a function enhancing the strength
(strain aging). Moreover, Si present in a large anount in
the steel provides solid-solution strengthening of the
martensite phase and the residual austenite phase, which
contributes to the enhancenent of the strength.

[ 0027]

In the invention, for sufficiently providing the
benefit of the aforenmentioned strength enhanci ng function of
Si, a steel having a Si content exceeding 2.00%is targeted.
However, with an excessively |large Si content, such probl ens
that hot working cracks tend to occur, and the |ike may be
conspicuous. Herein, the Si content is restricted to 4.00%

or | ess.
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[ 0028]

C is an elenent formng an austenite phase and is
necessary for strengthening the steel. However, an
excessive anpunt of C may cause deterioration of the
corrosion resistance and the toughness. |In the invention
a steel having a Ccontent of from0.010 to 0.200%i s target ed,
and particularly in the case where a high strength is
targeted, the C content is advantageously in a range of from
0.050 to 0.100%

[ 0029]

N is an elenent formng an austenite phase and is
necessary for strengthening the steel. However, an
excessi ve anount of N nmay be a factor pronoting the formation
of a Ti N based inclusion. 1In the invention, a steel having
a N content of from0.010 to 0.200% is targeted. Wth the
range, the particle dianeter distribution of the Ti N based
inclusion can be optimzed to the range defined in the
invention by the production nethod of suppressing the
i ncorporation of Ti described |ater. The preferred range of
the N content is fromO0.050 to 0.085%

[ 0030]

M is an elenment, with which the austenite stability
can be easily controlled by controlling the content thereof,
and the content thereof is controlled in a range of from

0.01 to 3.00% A large anount of M contained nay prevent
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t he deformati on i nduced nartensite phase from bei ng i nduced.
The WMh content is nore preferably controlled in a range of
1.00% or less, and nay be nanaged to a range of 0.50% or
| ess.

[ 0031]

Ni is an elenent form ng an austenite phase, and the
content thereof of 3.00%or nore is ensured for providing a
net ast abl e austenite phase at ordinary tenperature. A too
large N content nmay prevent the deformation induced
martensite phase from being induced, and therefore the N
content is less than 10.00% The N content is nore
preferably from7.00 to 9.50%

[ 0032]

Cr is an el enent necessary for ensuring the corrosion
resistance. In the invention, a steel having a Cr content
of from 11.00 to 20.00% is targeted. Cr is an elenent
formng a ferrite phase, and with a larger anount thereof
exceeding the above range, an austenite single phase
structure may not be obtained at a high tenperature in sone
cases. The nore preferred range of the O content is from
12.00 to 15.00%

[ 0033]

Mo may be contai ned depending on necessity since M

has a function enhancing the corrosion resistance, and al so

has a function contributing the strengthening through the
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formation of a M precipitate in the aging treatnment and
preventing the structure work-hardened in the cold rolling
frombei ng softened in the aging treatnment. For sufficiently
providing the benefit of the functions, it is preferred to
ensure a Mo content of 1.0% or nore. |In the case where a
strength level with a tensile strength in the rolling
direction of 2,000 NNmm# or nore is intended, it is extrenely
effective that Mo is contained in an anount of 2. 00%or nore.
However, a too large anmount of M contained nmy cause
formation of a o ferrite phase at a high tenperature, and
therefore in the case where M is contained, the content
thereof is in a range of 3.00% or |ess, and nay be nmnanaged
to a range of 2.50% or | ess.

[ 0034]

Cu may be contained depending on necessity since Cu
has a function increasing the strength through the nutua
action with Si in the aging treatnent. In this case, the Cu
content is nore preferably 0.01% or nore. A too large
content of Cu may be a factor decreasing the hot workability.
In the case where Cu is contained, the content thereof is in
a range of 1.00% or | ess.

[ 0035]

Ti is an elenent formng a Ti N based inclusion, and

the Ti content is necessarily suppressed to a |low |evel

particularly in a large Si content steel, in which TiN is
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easily formed. As a result of the various investigations,
the Ti content is necessarily 0.008% or less, and is
preferably 0.006% by nmass or |ess. The Ti content is
preferably as small as possible, but in view of the cost in
a mass production operation, it is rational that the Ti
content is in a range of 0.001% or nore.

[ 0036]

Al is a factor generating a spinel based inclusion
through the formation of A2%, and the A content is
necessarily suppressed to a low level particularly in a
nol ten steel of a large Si content steel, in which Al.Q; is
easily forned. In the invention, the Al content is
preferably as small as possible. As a result of the various
I nvestigations, the Al content is necessarily 0.008%or |ess,
and is preferably 0.006% by mass or less. The Al content is
preferably as small as possible, but in view of the cost in
a mass production operation, it is rational that the A
content is in a range of 0.001%or nore. However, even with
an Al content in the aforenentioned range, it my be
difficult to make stably the particle dianeter distribution
of the spinel based inclusion within the range defined in
the invention unless the slag basicity after the addition of
Si is optimzed as described | ater.

[ 0037]

As the unavoidable inpurities, it is preferred that

25



the P content is 0.040%or less, and the S content is 0.002%
or less, and it is also preferred that the My content is
fromO to 0.002%
[ 0038]

For controlling the easiness of the formation of the
deformation induced nartensite phase in the cold rolling,
the value M3z defined by the follow ng expression (1) is

preferably in a range of from-50 to O.

Miso = 551-462( C+N) - 9. 2Si - 8. 1Vh- 13. 7Cr - 29( Ni +Cu) - 18. 5Md (1)

Herein, the el ement synbols in the expression (1) each
represent the content of the corresponding elenent in terns
of percentage by nass.

[ 0039]
Non-netal lic | nclusion

The non-netallic inclusion present in the steel is
roughly classified into a soft type having a low nelting
point and a hard type having a high nelting point. 1In the
steel targeted by the invention, the fornmer soft type is
mainly a Ca0O-Si & based material. The soft type inclusion
Is extended intherolling directionin the hot rolling since
it isinaliquid state at the hot rolling tenperature, and
is then collapsed and finely dispersed in the subsequent

cold rolling. The soft inclusion of this type exerts
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substantially no adverse effect on the fatigue resistance
characteristics of the thin sheet material.
[ 0040]

What becones a problemis the latter hard inclusion.
The inclusion of this type remains as a granular materi al
after the hot rolling, and after the cold rolling, hard
particles having been crushed to a certain extent remain in
the form of lining up in the rolling direction. The
proportion of the length in the sheet thickness direction of
the inclusion occupied in the sheet thickness is increased
with the small er sheet thickness, and the i nclusion particles
tend to function as a starting point and a propagati on path
of cracks due to the stress concentration around the
inclusion particles. It has been found that the hard type
i nclusion that becomes a problem in the steel targeted by
the invention is a Ti N based inclusion and a spinel based
i ncl usi on containing one or nore of Al and My. I n particular,
the Ti N based i nclusion has a tendency of grow ng associ at ed
with the decrease of the solubility of Ti in the process
where the tenperature of the nolten steel is decreased in
casting, and thus tends to becone a problem
[0041]

According to the investigations by the inventors, when
the nunber ratio of the Ti N based inclusion and the spinel

based i ncl usi on descri bed above t hat have a circl e equi val ent
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di aneter of 6.0 umor nore is decreased in the stage of the

hot rolled steel sheet, the inclusion distribution node that
is advantageous for inproving the fatigue resistance
characteristics on repeatedly receiving elastic deformation
can be obtained in the formof a thin sheet material having
a sheet thickness, for exanple, of from 20 to 500 um
Specifically, it is extrenely advantageous to provide a
structure state in the stage of the hot rolled steel sheet,
in which the total nunber density of the Ti N based incl usion
and the spinel based inclusion containing one or nore of Al
and My each having a circle equivalent diameter of 6.0 umor
nore on the cross section in parallel to the rolling
di rection and t he sheet thickness direction (L cross section)
Is 0.05 or less per square mllineter.

[ 0042]

Exanpl es of the nore preferred structure state of the
hot rolled steel sheet include a netal structure, in which
in addition to the aforenentioned provision of the nunber
density, the maxinmum particle dianeter of the circle
equi val ent di anmeter of the Ti N based i ncl usi on and t he spi nel
based i nclusion containing one or nore of Al and My on the
L cross section is 10.0 um or |ess. In this case, the
nmeasurenent area of the L cross section for determ ning the
maxi mum particle dianeter suffices to be 200 nmm? or nore.

[ 0043]
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It has been found that in a thin sheet material having
a sheet thickness of from 20 to 500 um the nunber density
of the non-netallic inclusion having a length in the rolling
direction of 40 umor nore is particularly effectively 3.0
or less per square millinmeter on the L cross section for
inmproving the fatigue resistance <characteristics on
repeatedly receiving elastic deformation. Herein, a group
of the non-netallic inclusion particles that line up with an
interparticle distance in the rolling direction of 20 um or
|l ess and an interparticle distance in the sheet thickness
direction of 10 umor less is assuned to be one non-netallic
i nclusion, as described in the foregoing.

[ 0044]

As for the fatigue resistance characteristics,
adj acent inclusion particles that line up closely to each
other to a certain extent function as a starting point of
occurrence of cracks, as simlar to the case where the
particles are present as a conti nuous one group of particles.
As a result of the various investigations, a group of
particles fornmed of plural non-netallic inclusion particles
that line up while maintaining an interparticle distance in
the rolling direction of 20 umor less and an interparticle
di stance in the sheet thickness direction of 10 um or |ess
(which is assuned to be one non-netallic inclusion),

particularly having a length in the rolling direction of 40

29



umor nore tends to be a starting point of cracks on repeated
application of elastic deformation in the high strength stee

as the target of the invention. However, even with the non-
nmetallic inclusion of this type, the fatigue resistance
characteristics can be inproved by decreasing the nunber
density thereof to 3.0 or less per square mllinmeter on the
L cross section. It is estimated that the nechani smtherefor
is that in the case where the density of the non-netallic
i nclusion having a length in the rolling direction of 40 pum
or nore is sufficiently decreased, the non-netallic
inclusion is prevented from exerting a function as a
propagati on path of cracks.

[ 0045]

The nunber density of the non-netallic inclusion
having a length in the rolling direction of 40 umor nore on
the L <cross section that is as low as possible is
advant ageous for the enhancenent of the fatigue resistance
characteristics of the thin sheet material. In the case
where a steel is manufactured by using raw materials having
high purities without the use of scraps, for exanple, with
an experinmental nelting furnace, it is considered that a
thin sheet material containing an extrenely small anount of
a non-netallic inclusion can be produced. However, in the
case where a steel sheet having a thickness of from 20 to

500 umis manufactured i n mass production sites, the conpl ete

30



prevention of the formation of the non-netallic inclusion
having a length in the rolling direction of 40 um or nore
i ncreases the load in the steel manufacturing, which |eads
to increase of the cost. Therefore, it is rational that in
the thin sheet material having a sheet thickness of from 20
to 500 um the nunber density of the non-netallic inclusion
having a length in the rolling direction of 40 umor nore is
in arange of from0.1 to 3.0 per square mllineter on the
L cross section.
[ 0046]
Producti on Met hod

The stainless steel sheet having the optim zed
particle size distribution of the hard non-netallic
i ncl usi on descri bed above can be produced by utilizing an
ordi nary manufacturing equipnment for a stainless steel.
Represent ati ve exanpl es thereof include a VOD process and an
ACD process. In any process, a nolten steel having a C
content of 0.20% or |less having a Cr oxide-containing slag
on a nolten steel surface after subjecting to a
decarburization process by blowing oxygen into a Cr-
containing noltenironis produced firstly. The steel making
process up to this stage nmay be performed according to the
ordi nary nmethod except that such a container is selected as
the container housing the nolten steel that Ti and Al are

substantially or conpletely not incorporated from an
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attachnent and the |ike of the container.
[0047]

The nolten steel in this stage is the nolten steel
havi ng been subjected to decarburization by bl owi ng oxygen,
and therefore easily oxidizable elenents, Ti, A, M, and
Si, are substantially oxidized and renoved. That is, Ti,
Al, My, Si are substantially not present in the nolten steel.
Furthernore, a part of Cr, which is contained in a large
anount in the nolten steel, is oxidized to forma slag as a
Cr oxide on the nolten steel surface. The slag fornmed mainly
of a Cr oxide contains oxides of Ti, A, My, and Si having
been renoved fromthe nolten steel. The nolten steel also
contains a |arge anount of oxygen dissolved therein having
been blown for the decarburization. Accordi ngly,
deoxi dation is necessarily performed before casting. In the
invention, Si is necessarily contained in the steel for
producing a large Si content steel having a Si content
exceeding 2.00% Furthernore, it is desirable to performa
process of returning C escaping fromthe nolten steel in
the decarburization fromthe slag to the steel (reduction
and recovery of Cr). In the invention, accordingly, the
"deoxi dation", the "control of the Si content”, and the
"reduction and recovery of Cr" are perforned at one tine by
adding an Fe-Si alloy to the nolten steel. Furthernore, the

conmponent control is perfornmed by addi ng other auxiliary raw
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mat eri al s dependi ng on necessity.
[ 0048]

By controlling the Si content to nore than 2.00% by
adding the Fe-Si alloy to the nolten steel, the deoxidation
in the steel proceeds with the Si source added in a |arge
anount . The oxygen concentration in the steel by the
deoxi dation is determ ned through the chem cal equilibrium

of the chem cal reaction of the expression (2) bel ow

Si(innmetal) + 2Q(in metal) = Si G&(in slag) (2)

The equilibriumconstant Kis shown by the expression

(3) bel ow.

K= A(Si O)/A(Si )/ A(O)?2 (3)

In the expression, A(X) represents the activity of the
component X. As understood from the expression (3), when
the Si activity (i.e., the Si concentration) in the nolten
steel is larger, the oxygen activity (i.e., the oxygen
concentration) in the nolten steel shows an equilibrium at
alower level. Therefore, inthe nolten steel having a | arge
anount of the Si source added targeted by the invention, the
oxygen concentration in the nolten steel becones smaller

than a small Si content steel (for exanple, an ordi nary steel,
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such as SUS 304).
The chemcal equilibrium based on the follow ng
expression (4) is established between the Al oxide in the

sl ag and oxygen in the nolten steel.

2AI (in netal) + 30(in metal) = Al.Os(in slag) (4)

According to the chem cal equilibrium the equilibrium
is retained by increasing the Al concentration in the nolten
steel when the oxygen concentration in the nolten steel is
smal | . The relationship is also applied to Ti and M.
Consequently, when the oxygen concentration in the nolten
steel is small, the Al concentration, the Ti concentration,
and the My concentration in the nolten steel are increased.
[ 0049]

Wen the Al concentration and the My concentration in
the nolten steel are | arger, the spinel based i nclusion tends
to be formed and grown. Wen the Ti concentration in the
nolten steel is larger, the Ti N based inclusion tends to be
formed and grown. Therefore, for suppressing the formation
and growth of the inclusions, the decrease of the oxygen
concentration in the nolten steel associated wth the
increase of the Si concentration in the nmolten steel is
necessarily suppressed as nuch as possible. For suppressing

t he decrease of the oxygen concentration in the nolten steel,
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it is advantageous that the SiQ: concentration in the slag
is larger. Accordingly, the invention uses a neasure for
controlling the slag basicity (i.e., the mass ratio of
CadSiQ) to a low level. Specifically, the anmpbunt of the
Ca-containing substance added as a slag formng flux is
controlled. The slag form ng flux added may be quick |ine
CaO. Ca is also supplied to the slag from CaFz, which is
added as a flux conponent depending on necessity. Ca that
Is supplied from CaF> is converted to the CaO anount and
added to the CaO value used for calculating the basicity.
As a result of the various investigations, it has been found
that it is effective to nake the slag basicity in a range of
1.3 or nore and 1.5 or less in the slag present on the nolten
steel surface after conpleting the addition of the Fe-Si
all oy. The slag basicity is nore preferably 1.3 or nore and
1.45 or less, and further preferably 1.3 or nore and 1.4 or
| ess. Wth a smaller slag basicity, the decrease of the
oxygen concentration in the nolten steel is suppressed, and
Ti, A, and My are prevented from being incorporated into
the nolten steel fromthe slag. However, with a too snall
slag basicity, other inclusions, such as C %, are forned
in a large anount. The desul furization capability is also
| onered. Therefore, it is extrenely effective to control
the final slag basicity to a range that is not |ower than

1.3.
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[ 0050]

As described above, the nolten steel having been
subj ected to the decarburization by bl owi ng oxygen contai ns
substantially no Ti, A, and My, and these elenents are
present as oxides in the slag formed mainly of C oxide. Ti,
Al, and My in the slag include those incorporated fromthe
raw materials and the refractory and those i ncorporated from
a slag, a netal, and the |like of the previous batch attached
to the facilities, such as an electric furnace and a
converter furnace. For optimzing the particle dianeter
di stribution of the hard inclusion in the steel sheet by
controlling the slag basicity as described above, it 1is
necessary that Ti, A, and My are prevented frombei ng newy
i ncorporated after the time when the decarburization by
bl owi ng oxygen is conpleted, i.e., after the tine when the
Fe-Si alloy is added. 1In particular, it has been confirned
that when a slag attached in the previous charge remains in
the container housing the nolten steel, a coarse hard
inclusion tends to be forned due to small anounts of Ti and
Al incorporated from the attachnent. For preventing the
I ncorporation thereof fromthe container housing the nolten
steel, it is nost preferred to use a container having a
refractory constituting the inner surface of the container
that is not used for housing a nolten steel (i.e., a new

ladle). It has also been confirnmed that an Fe-Si all oy that

36



is generally used in the production site of stainless steels
contains inpurities, such as A and Ti, and A and Ti
i ncor porated therefrombecone a factor form ng a coarse hard
inclusion. Therefore, in the invention, it is necessary to
use an Fe-Si alloy having a high purity. Specifically, it
is preferred to use an Fe-Si alloy having an A content of
0.05% by mass or less and a Ti content of 0.05% by nmass or
less. It is also desirable that Ti and Al are prevented as
much as possible from being incorporated from the other
auxiliary raw materials and slag form ng fl ux.

[ 0051]

It is inportant that the container housing the nolten
steel, the auxiliary raw material, and the slag form ng fl ux
used are selected to nmake a Ti content in the nolten stee
of 0.008%by nass or | ess and an Al content therein of 0.008%
by mass or less finally. In the case where the final T
content and the final A content in the steel exceed the
af orenenti oned values, it is difficult to achieve stably the
af orenenti oned intended particle dianmeter distribution of
the hard inclusion even though the slag basicity is
controlled in the aforenenti oned manner. Wile the content
of My is desirably controlled to 0.002% by nmass or less in
the nolten steel finally, it has been confirmed that when
the container housing the nolten steel, the auxiliary raw

material, and the slag formng flux used are selected to
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make the Ti and Al contents within the aforenenti oned range,
the particle dianeter distribution of the spinel based
inclusionisinthe aforenmenti oned i ntended state even t hough
the My content in the steel is not particularly restricted,
and no probl em occurs.

It is nore preferred that the Ti content in the nolten
steel is 0.006% by mass or less, and the Al content therein
is 0.006% by nass or |ess.

[ 0052]

The casting may be perforned according to an ordinary
nmet hod. [In general, a cast piece is obtained by a continuous
casting nethod. In the description herein, a steel materia
obt ai ned by casting (i.e., a material having a solidification
structure) is referred to as a cast piece. Accordingly, a
st eel i ngot obtai ned by an i ngot naki ng nethod i s enconpassed
inthe cast piece referred herein for the sake of conveni ence.

The resulting cast piece is subjected to hot working
i ncluding at | east hot rolling, so as to provide a hot rolled
steel sheet. |In the case where the ingot making nmethod is
enpl oyed, after performng bloomng and hot forging, hot
rolling is performed. The heating tenperature in the hot
rolling may be from1, 100 to 1, 250°C, and the sheet thickness
of the hot rolled steel sheet may be, for exanple, from2.5
to 6.0 mm According to the manners, the stainless stee

hot rolled sheet, in which the total nunber density of the
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Ti N based i ncl usi on and t he spi nel based i ncl usi on cont ai ni ng
one or nore of Al and My each having a circle equival ent
di aneter of 6.0 umor nore on the cross section in paralle
to the rolling direction and the sheet thickness direction
(L cross section) is 0.05 or less per square mllineter, can
be obt ai ned.

[ 0053]

Subsequently, the hot rolled steel sheet is subjected
to annealing, cold rolling, and an aging treatnent, and
thereby a thin sheet nmaterial of the high strength stainless
steel sheet can be obtained. The step of cold rolling may
be perforned plural times including an internediate
anneal i ng step. After each of the heat treatnents, acid
pickling may be performed depending on necessity. The
condition for the annealing applied to the hot rolled steel
sheet (i.e., the hot rolled sheet annealing) my be, for
exanple, from 1,000 to 1,100°C for from 40 to 120 seconds,
the final cold rolling reduction ratio (which is the cold
rolling reduction ratio after the final internediate
annealing in the case where the internediate annealing is
perfornmed) nmay be, for exanple, from 40 to 70% and the
condition for the aging treatnent nmay be, for exanple, from
400 to 600°C for from 10 to 60 m nutes. For the purpose of
a thin sheet spring material, the final sheet thickness is,

for exanple, preferably 150 umor |l ess, and nore preferably
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| ess than 100 um For exanple, a thin sheet material having
a thickness of from20 to 70 um may be provided. According
to the manners, the thin sheet material of the high strength
stainless steel having a m xed structure of a deformation
i nduced nartensite phase and an austenite phase as the matri x
(metal basis material) can be obtained. The ratio of an
area ratio Mof the deformation i nduced nartensite phase and
an area ratio A of the austenite phase in terns of MA is
generally in arange of from30/70 to 50/50. In the materi al
containing Mo in an anount, for exanple, of 2.00% or nore,
a high strength with a tensile strength in the rolling
direction of 2,000 NN m# can be obtained. In the thin sheet
mat eri al, assunmi ng that a group of the non-netallic inclusion
particles that line up with an interparticle distance in the
rolling direction of 20 um or less and an interparticle
di stance in the sheet thickness direction of 10 um or |ess
Is one non-netallic inclusion, a structure state, in which
the nunber density of the non-netallic inclusion having a
length in the rolling direction of 40 umor nore is 3.0 or
| ess per square mllinmeter on the L cross section can be
obt ai ned, and the thin sheet material exhibits good fatigue
resi stance characteristics in the purpose of a spring

material, which repeatedly receives elastic stress.

Exanpl es
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[ 0054]

The steels shown in Table 1 were manufactured by a VOD
process. |In each of the steels, the final decarburization
process by bl owi ng oxygen into the Cr-containing nolten iron
was conpl eted i n the VOD equi pnent, and a nolten steel having
a C content of 0.10% or less having a Cr oxide-containing
slag on the nolten steel surface was obtained. In this stage,
the C content is substantially equal to the final C content

shown in Table 1.

41



[ 0055]

Table 1
—— No. . Cheni cal corrp.05| tion (% by nass) . Mo
C Si Vh P S Ni Cr Mo Cu N Ti Al

1 0.080| 2.64 | 0.25 [0.020|0.001| 8.32 |13.42| 2.22 | 0.10 |0.068|0.023|0.010| -12.8

Convent i onal 2 0.086| 2.74 | 0.23 | 0.020(0.001| 8.25 |13.43| 2.22 | 0.10 | 0.066|0.018 |0.010| -13.5
Exanpl e 3 0.086| 2.65 | 0.42 [0.029|0.001| 8.34 |13.57| 2.23 | 0.18 | 0.066 |0.010|0.009 | -21.3

4 0.072| 2.60 | 0.28 [0.030|0.001| 8.28 |13.71| 2.14 | 0.07 |0.073|0.010|0.006 | -11.7

I nvention

Exanpl e 5 0.086| 2.73 | 0.22 [0.028|0.001| 8.32 |13.73| 2.23 | 0.28 | 0.069|0.004|0.004 | -26.3
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[ 0056]

In the final decarburization in the VOD equi pnent, the
cont ai ner housing the nolten steel used was a | adle, and the
same ladle was used in the process up to casting. As the
ladle, a ladle that had been used for manufacturing a Ti-
contai ning stainless steel as the previous charge was used
for Conventional Exanples Nos. 1 and 2, a ladle that had
been used for manufacturing a Ti-free stainless steel as the
previ ous charge was used for Conventional Exanples Nos. 3
and 4, and a | adl e having a refractory constituting the inner
surface of the ladle that was not used for housing a nolten
steel (i.e., a newladle) was used for Invention Exanpl e No.
5.

[ 0057]

An Fe-Si alloy was added to the nolten steel having
been conpleted for the final decarburization, so as to
control the Si content in the nolten steel to the target
val ue, and to performdeoxi dation, and reducti on and recovery
of O in the slag. In this stage, the Si content in the
nolten steel is substantially equal to the final Si content
shown in Table 1. As the Fe-Si alloy, a material
corresponding to the ferrosilicon No. 2 defined in JIS
&302: 1998 was used for Conventional Exanples Nos. 1 to 4.
As a result of the analysis, the material corresponding to

the ferrosilicon No. 2 contained approxi mtely 1.0% by nass
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of Al, approximately 0.07% by mass of My, and approxi mately
0.08% by nass of Ti, while there was a certain fluctuation
depending on the product |ot. On the other hand, a high
quality Fe-Si alloy having an Al content having been
extrenely decreased was used for Invention Exanple No. 5.
As a result of the analysis, the Al, My, and Ti contents of
the high quality Fe-Si alloy were 0.009% by mass for Al,
| ess than 0.001% by nass for My, and 0.012% by mass for Ti.
[ 0058]

Subsequent to the addition of the Fe-Si alloy,
i ndustrial quick Iime (Ca0O was added as a slag form ng fl ux
to the slag. Thereafter, the slag was collected and
subjected to conpositional analysis. As a result, the slag
basicity was from1.60 to 1. 65 for Conventional Exanples Nos.
1to 4, and 1.33 for Invention Exanple No. 5.

[ 0059]

I n each of the exanples, the nolten steel thus obtained
above was continuously cast and subjected to hot rolling, so
as to provide a hot rolled steel sheet having a sheet
thi ckness of 3.8 mm The heating tenperature in the hot
rolling was 1, 230°C. For the resulting hot rolled steel
sheet, the L cross section was observed wth an SEM and
according to the aforenentioned section "Masurenent Method
for Nunber Density of Inclusion in Hot Rolled Steel Sheet",

the total nunber density of the Ti N based inclusion and the
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spi nel based inclusion containing one or nore of Al and My
each having a circle equivalent dianeter of 6.0 um or nore
was neasured. As a result, the total nunber density was
from 0.20 to 0.45 per square mllimeter for Conventional
Exanples Nos. 1 to 4, and 0.02 per square mllinmeter for
I nvention Exanple No. 5. It was understood that the
formation of a coarse hard inclusion was significantly
suppressed by the manufacturing nethod according to the
I nventi on.
[ 0060]

Fig. 3 exenplifies the SEM m crograph of the typical
Ti N based inclusion observed on the L cross section of the
hot rolled steel sheet of Conventional Exanple No. 4, and
Fig. 4 exenplifies the SEM m crograph of the typical TiN
based inclusion observed on the L cross section of the hot
rolled steel sheet of Invention Exanple No. 5. In all the
m crographs, the horizontal direction agrees wth the
rolling direction. The cross-hair cursor appearing in the
m cr ogr aphs shows the beam irradiation position in the EDX
anal ysi s.
[ 0061]

Subsequent |y, a specinen collected fromthe hot rolled
steel sheet was subjected to hot rolled sheet annealing at
1,050°C for 60 seconds, cold rolling, internmedi ate annealing

at 1,050°C for 60 seconds, cold rolling, and an aging
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treatment at 500°C for 30 mnutes, so as to produce a thin
sheet material having a sheet thickness of 120 um having a
m xed structure of a deformation induced nartensite phase
and an austenite phase as the matrix (netal basis material).
In all the resulting thin sheet materials, the tensile
strength in the rolling direction exceeded 2,000 N mm%.

[ 0062]

The L cross section of the thin sheet material was
neasured for the nunber density of the non-netallic inclusion
having a length in the rolling direction of 40 um or nore
according to the aforenentioned section "Masurenent Method
for Nunber Density of Non-netallic Inclusion having Length
in Rolling Direction of 40 umor nore". As described above,
a group of the non-netallic inclusion particles that |ined
up with an interparticle distance in the rolling direction
of 20 umor less and an interparticle distance in the sheet

thi ckness direction of 10 pum was assuned to be one non-

metal lic inclusion. As a result of the neasurenent, the
nunber density of the non-netallic inclusion having a length
in the rolling direction of 40 um or nore on the L cross
section was from 8.2 to 33.2 per square mllinmeter for
Conventional Exanples Nos. 1 to 4, and 2.4 per square
mllimeter for Invention Exanple No. 5. As a result of the
EDX analysis, all the non-netallic inclusions counted were

constituted by Ti N based i nclusion particles or spinel based
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i nclusion particles containing one or nore of Al and M.

In Invention Exanple, the nunber of the hard non-
nmetallic inclusion having a length in the rolling direction
of 40 um or nore, which was a factor deteriorating the
fatigue resistance characteristics, was | argely decreased as
conpared to Conventional Exanples.

[ 0063]

For reference, a production exanple for the case where
SUS 304 (having a Si content of 0.55% 1is subjected to
deoxidation with an Fe-Si alloy is showmm. A |adle that had
been used for manufacturing a Ti-containing stainless steel
as the previous batch was used as the container housing the
nolten steel, and the final decarburization process by
bl owi ng oxygen into the Cr-containing nolten iron was
conpleted in the VOD equi pnent, thereby providing a nolten
steel having a C content of approximtely 0.05% having a Cr
oxi de-contai ning slag on the nolten steel surface. The Fe-
Si alloy corresponding to the ferrosilicon No. 2 was added
to the nmolten steel, so as to control the S content.
I ndustrial quick lime (CaO was added as a slag form ng fl ux.
Thereafter, chromum nitride was added to conplete the
conmponent control. As a result of the analysis of the fina
slag coll ected, the slag basicity was 1.65. The nolten stee
was continuously cast and subjected to hot rolling in the

ordi nary nethod, so as to provide a hot rolled steel sheet
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having a sheet thickness of 3.5 mm The hot rolled stee
sheet was investigated for the state of the presence of the
non-netallic inclusion in the same manner as in Nos. 1 to 5.
As a result, a TiN based inclusion and a spinel based
i ncl usi on containing one or nore of Al and My each having a
circle equival ent dianmeter of 6.0 umor nore were not found.
It is understood fromthe conparison between the exanpl e of
SUS 304 and Conventional Exanples Nos. 1 to 4 that it is
considerably difficult to suppress the formation of a hard
inclusion in a stainless steel species having a large Si

content.
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CLAI M5

[Caim1l]

A stainless steel sheet: having a sheet thickness of
from20 to 500 um having a chem cal conposition contai ning,
in terns of percentage by mass, from 0.010 to 0.200% of C,
nore than 2.00% and 4.00%or less of Si, fromO0.01 to 3.00%
of M, 3.00%or nore and | ess than 10.00% of N, from 11.00
to 20.00% of Cr, fromO0.010 to 0.200%of N, fromO to 3.00%
of Mo, fromO to 1.00% of Cu, fromO to 0.008% of Ti, from
0 to 0.008% of A, and the balance of Fe, w th unavoi dable
i mpurities; and having, wth an assunption that in a cross
section (L cross section) in parallel to arolling direction
and a sheet thickness direction, a group of non-netallic
inclusion particles that line up with an interparticle
distance in the rolling direction of 20 um or |ess and an
interparticle distance in the sheet thickness direction of
10 umor less is one non-netallic inclusion, a nunber density
of the non-netallic inclusion having a length in the rolling
direction of 40 pum or nore of 3.0 or less per square
mllimeter on the L cross section.

[Caim 2]

The stainl ess steel sheet according to claiml1, wherein

the non-netallic inclusion having a length in the rolling

direction of 40 um or nore contains one or two of (i) and
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(ii): (i) a TiN based inclusion particle and (ii) a spinel
based inclusion particle containing one or nore of A and
M.

[Caim 3]

The stainless steel sheet according to claim1l or 2,
wherein the stainless steel sheet has a tensile strength in
the rolling direction of 2,000 NN nm? or nore.

[ Cai m 4]

The stainless steel sheet according to claim1l or 2,
wherein the stainless steel sheet has a m xed structure of
a deformation i nduced nmart ensite phase and an austenite phase
as a matrix (nmetal basis material).

[C ai m5]

A production method of a stainless steel sheet
conpri si ng:

a step of providing a nolten steel having a chem cal
conposition (A) below, in such a manner that in conponent
control by adding an auxiliary raw material and a slag
formng flux to a nolten steel having a C content of 0.20%
or less having a O oxide-containing slag on a nolten steel
surface after subjecting to a decarburization process by
bl owi ng oxygen into a Cr-containing nolten iron, a contai ner
housing the nolten steel, the auxiliary raw material, and
the slag formng flux used are selected to nake a Ti content

in the nolten steel of 0.008% by mass or less and an Al
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content therein of 0.008% by nmass or |ess, at |east an Fe-
Si alloy as the auxiliary raw material is dissolved in the
nolten steel to perform deoxidation, reduction and recovery
of & inthe slag into the nolten steel, and control of a Si
content in the steel, and a Ca-containing slag formng fl ux
is added to control a slag basicity (i.e., a nmass ratio of
CdSi®) to froml.3 to 1.5;

a step of providing a cast piece by casting the nolten
steel obtained in the precedi ng step;

a step of providing a hot rolled steel sheet by
subj ecting the cast piece to hot working including at |east
hot rolling;, and

a step of providing a cold rolled steel sheet having
a sheet thickness of from20 to 500 um by subjecting the hot
roll ed steel sheet to annealing and cold rolling one or nore
tinmes:

(A in terms of percentage by mass, from 0.010 to
0.200% of C, nore than 2.00% and 4.00% or less of Si, from
0.01 to 3.00% of M, 3.00% or nore and |ess than 10.00% of
Ni, from11.00 to 20.00% of Cr, from 0.010 to 0.200% of N,
fromO to 3.00% of Mo, fromO to 1.00% of Cu, fromO to
0.008%of Ti, fromO to 0.008%of A, and the bal ance of Fe,
wi th unavoi dabl e inpurities.

[ C aim 6]

The production method of a stainless steel sheet
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according to claim 5, wherein the container housing the
nolten steel used is a container having a refractory
constituting the inner surface of the container that is not
used for housing a nolten steel (i.e., a new ladle).
[Caim7]

The production method of a stainless steel sheet
according to claim5, wherein the Fe-Si all oy used has an Al
content of 0.05% by mass or less, and a Ti content of 0.05%
by mass or | ess.

[Caim 8]

The production method of a stainless steel sheet
according to claim5, wherein the production nethod further
conpri ses:

a step of subjecting the cold rolled steel sheet to an
agi ng treatnent.

[Claim9]

The production nmethod of a stainless steel sheet
according to claim 8, wherein the steel sheet obtained by
t he production nethod has a m xed structure of a deformation
i nduced martensite phase and an austenite phase for a matrix
(nmetal basis material), and has a tensile strength in the

rolling direction of 2,000 NN m? or nore.
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