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ABSTRACT

Problem

In an austenitic stainless steel sheet, the anisotropy
of the workability and the fatigue resistance characteristics
caused by an oxide based inclusion is decreased.
Solution

A hot rolled austenitic stainless steel sheet containing
from 0.030 to 0.300% of C, from 0.30 to 3.20% of Si, from 0.90
to 17.00% of Mn, from 1.00 to 8.00% of Ni, from 14.00 to 19.00%
of Cr, from 0.50 to 3.50% of Cu, from 0.045 to 0.250% of N, from
0.0001 to 0.0300% of Al, from O to 0.50% of V, from 0 to 0.50%
of Nb, from 0 to 0.30% of Ti, and from 0 to 0.010% of B, all
in terms of percentage by mass, with the balance of Fe and
unavoidable impurities, and having a converted average
composition of an oxide based inclusion that contains 30% by
mass or less of Al203, 60% by mass or less of Si0Oz, and 15% by

mass or more of MnO, and satisfies MnO = -3510,+110.
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DESCRIPTION

Title of Invention

AUSTENITIC STAINLESS STEEL SHEET AND METAL GASKET

Technical Field
[0001]

The present invention relates to a stainless steel sheet
for a metal gasket that is excellent in strength, fatigue
characteristics, and high temperature softening resistance

characteristics, and a metal gasket using the same.

Background Art
[0002]

Cylinder head gaskets of engines and exhaust manifold
gaskets for an automobile, amotorcycle and the 1like are exposed
to repeated pressure fluctuations under a high temperature,
a high pressure, and a high vibration that are peculiar to the
engines. Among these, the cylinder gasket for an automobile
engine receives a high pressure in the compression stroke, and
thus is necessarily in contact with both the contact materials
with a high contact pressure (surface pressure) for retaining
the sealing property. The metal gasket used in an engine or
an exhaust gas flow path generally has a bead having a constant

height (i.e., a continuous ridge) formed through bead forming
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by pressing, for ensuring the sufficient contact pressure.
The metal gasket of this type is used by pressing the apex of
the bead ridge (which is hereinafter referred to as a bead apex)
onto a contact material for ensuring the high sealing property,
and therefore necessarily has a high strength and high fatigue
characteristics in use.
[0003]

A work-hardening metastable austenitic stainless steel
(such as SUS301 series) has been often used in the gasket
applied to an automobile engine and an exhaust gas flow path
thereof. The steel of this type achieves a high strength
through formation of deformation induced martensite by cold
rolling. However, the c¢old rolling reduction ratio is
necessarily increased for enhancing the strength level. The
increase of the cold rolling reduction ratio may be a factor
decreasing the toughness, the fatique resistance
characteristics, and the workability. PTLs 1 and 2 describe
metastable austenitic stainless steels that are improved in
these characteristics. There hasbeen amartensitic stainless
steel as a material having a strength that is enhanced without
the increase of the cold rolling reduction ratio. PTL 3

describes the application of a martensitic steel types to a

gasket.

Citation List
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Patent Literatures
[0004]

PTL 1: JP-A-2003-82441
PTL 2: JP-A-2011-252208

PTL 3: JP-A-2000-109957

Summary of Invention
Technical Problem
[0005]

The metastable austenitic stainless steel is to have an
increased strength through cold rolling as described above.
The increase of the cold rolling reduction ratio for enhancing
the strength level causes anisotropy 1in the bending
workability and the fatigue characteristics between the
direction in parallel to rolling direction (L direction) and
the direction perpendicular to rolling direction (C direction)
of the sheet material. In the use as a metal gasket, the
anisotropy may become a factor impairing the retention of the
uniform contact surface pressure between the bead apex and the
contact material, and thus may become a factor deteriorating
the performance of the metal gasket. On the other hand, the
martensitic stainless steel is not necessarily subjected to
work hardening by applying a high cold rolling reduction ratio,
and thus inherently may not involve the anisotropy associated

with work hardening.
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[0006]

However, according to the researches by the present
inventors, it has been found that a metal gasket formed through
bead forming with the austenitic stainless steel sheet or the
martensitic stainless steel sheet may involve the problem of
performance deterioration, which is considered to be caused
by the anisotropy of the material, in the evaluation under
severe test conditions. It has been considered that the major
factor thereof is the reduction of the workability and the
fatigue resistance characteristics in the particular
direction caused by a coarse oxide based inclusion present in
a successive form in the rolling direction in the material
(steel sheet).

[0007]

The invention is to describe a technique for reducing
the "anisotropy" of the workability and the fatigue resistance
characteristics caused by an oxide based inclusion in an
austenitic stainless steel sheet. Simultaneously, the
invention is to describe a measure for imparting the "high
temperature softening resistance characteristics" capable of
retaining high durability in the purpose of ametal gasket used
under a high temperature, and preventing the "hot rolling

cracking”™ in hot rolling.

Solution to Problem
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[0008]

It has been found that the reduction of the "anisotropy"
can be achieved by softening the oxide based inclusion present
in the steel sheet. The chemical composition that does not
excessively form the deformation induced martensite phase is
also effective for the reduction of the anisotropy and the
retention of the workability. It has been found that for
enhancing the "high temperature softening resistance
characteristics", the use of such a composition is important
that the dislocation anchoring effect of the interstitial
solid solution elements (C and N) bearing the strain aging is
difficult to release, and therefor, such a measure is effective
that the Mn content is increased, and the N content is
sufficiently ensured. Furthermore, for preventing the "hot
rolling cracking”, it is effective to optimize the formation
amount of the 6 ferrite phase.

[0009]

The invention thus provides a hot rolled austenitic
stainless steel sheet having a steel composition that contains
from 0.030 to 0.300% of C, from 0.30 to 3.20% of Si, from 0.90
to 17.00% of Mn, from 1.00 to 8.00% of Ni, from 14.00 to 19.00%
of Cr, from 0.50 to 3.50% of Cu, from 0.045 to 0.250% of N,
from 0.0001 to 0.0300% of Al, from 0 to 0.50% of V, from 0 to
0.50% of Nb, from 0 to 0.30% of Ti, and from 0 to 0.010% of

B, all in terms of percentage by mass, with the balance of Fe



and unavoidable impurities, and has an Md;s; value defined

by the following expression (1) of 50.0 or less and a

81230 value defined by the following expression (2) of
8.0 or 1less, and having an average composition of an
oxide based inclusion observed in a metal structure that
contains 30% by mass or less of Al;03, 60% by mass or less
of 5i02, and 15% by mass or more of MnQO, in terms of
converted mass ratio of Al:0;3, $i02, and MnO, and

satisfies the following expression (3):

Mdso = 551-462 (C+N)-9.2S5i-8.1Mn-29 (Ni+Cu)-13.7Cr (1)
81230 = -101.5-78.6C+3.15i+0.4Mn-2.4Ni+7.7Cr-1.5Cu-51.4N (2)
MnO = -35i02+110 (3)

wherein in the expressions (1) and (2), the element
symbols represent the percentages by mass of the elements
respectively in the steel composition, and in the
expression (3), MnO and SiO; represent the converted
percentages by mass of MnO and SiO; respectively in the
average composition of the oxide based inclusion.

[0C09a]

In yet another aspect, the invention provides a cold
rolled austenitic stainless steel sheet derived from a
hot rolled austenitic stainless steel sheet having a
steel composition that contains from 0.030 to 0.300% of
C, from 0.30 to 3.20% of Si, from 0.90 to 17.00% of Mn,
from 1.00 to 8.00% of Ni, from 14.00 to 19.00% of Cr,
from 0.50 to 3.50% of Cu, from 0.045 to 0.250% of N, from
0.0001 to 0.0300% of Al, from 0 to 0.50% of V, from 0 to
0.50% of Nb, from 0 to 0.30% of Ti, and from 0 to 0.010%
of B, all in terms of percentage by mass, with the

balance of Fe and

CA 29857391 2021-11-30



unavoidable impurities, and has an Mdss value defined by
the following expression (1) of 50.0 or less and a 81230
value defined by the following expression (2) of 8.0 or
less, and having an average composition of an oxide based
inclusion observed in a metal structure that contains 30%
by mass or less of Al;03, 60% by mass or less of S$i0Oz, and
15% by mass or more of MnO, in terms of converted mass
ratio of Alz03, Si0Oz, and MnO, and satisfies the following
expression (3), wherein a heating temperature at which a
Vickers hardness of a plate surface of the cold rolled
austenitic stainless steel after being subjected to a
heat treatment of 120 h falls 2/3 of the Vickers hardness
on a rolled surface of the sheet, Ho (HV), is at least 800
°C:

Mdso = 551-462(C+N)=-9.2Si-8.1Mn-29 (Ni+Cu)-13.7Cr (1)
81230 = -101.5-78.6C+3.1Si+0.4Mn-2.4Ni+7.7Cr-1.5Cu-51.4N (2)
MnO 2 -338i02+110 (3)

wherein in the expressions (1) and (2), the element
symbols represent the percentages by mass of the elements
respectively in the steel composition, and in the
expression (3), MnO and SiO; represent the converted
percentages by mass of MnO and SiO:; respectively in the
average composition of the oxide based inclusion.

[0010]

In the steel component elements, V. Nb, Ti, and B
are elements that are arbitrarily added. The content of
Al in the steel component elements is the total Al
content. The “converted mass ratio of Al;03, Si0Oz, and
MnO" means that the contents of Al, Si, and Mn in the

oxide based inclusion are

6a
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converted to the mass ratios of the single oxide, i.e., Al203,
SiOg, and MnO, respectively.
[0011]

Examples of the steel sheet that is suitable as amaterial
to be worked to a metal gasket include a cold rolled austenitic
stainless steel sheet derived from the aforementioned hot
rolled steel sheet. The cold rolled austenitic stainless
steel sheet has a Vickers hardness on the surface of the sheet
(rolled surface) that is adjusted, for example, to from 400
to 500 HV. The thickness thereof may be, for example, from
0.05 to 0.5 mm, and may also be managed to from 0.1 to 0.3 mm.
[0012]

The invention also provides a metal gasket containing
the aforementioned cold rolled steel sheet having been formed,
having a bead formed by press forming, and being used by
pressing an apex of the bead onto a contact material. After
forming the bead, an aging treatment may be performed at from
100 to 500°C depending on necessity. The "apex of the bead"
means the apex of the convex part of the bead that is in contact

with the contact material.

Advantageous Effects of Invention
[0013]
According to the invention, the oxide based inclusion

present in the material has a decreased melting point and is



CA 02957391 2017-02-06

softened, and therefore the oxide based inclusion is extended
in the rolling direction following the deformation of the steel
base material (matrix) in the hot rolling and the subsequent
cold rolling, and is prevented from remaining in the form of
coarse particles in the cold rolled steel sheet having a reduced
thickness. Accordingly, the deterioration of the workability
and the fatigue resistance charaéteristics due to the oxide
based inclusion as the starting point can be considerably
improved. Conventionally, the oxide based inclusion has been
distributed by hot rolling in the form of coarse particles that
are divided in a certain extent but are close to each other
in the rolling direction, and thus the bending workability with
aridge line in the rolling direction and the fatigue resistance
characteristics are deteriorated, which become a factor
forming anisotropy of the workability and the fatigue
resistance characteristics. In the cold rolled steel sheet
according to the invention, the anisotropy is relieved to
provide a gasket with high dimensional accuracy after forming
a bead. Furthermore, in the use of the gasket, the contact
surface pressure applied to the bead apex is retained uniform
due to the small anisotropy of the fatigue resistance
characteristics. Consequently, a metal gasket excellent in
leakage resistance can be achieved. Moreover, the cold rolled
steel sheet of the invention is excellent in high temperature

softening resistance characteristics, and thus is
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considerably useful for the purpose of ametal gasket used under

a high temperature.

Brief Description of Drawings
[0014]

Fig. 1 is a diagram showing the relationship between the
composition of the Al;03-S10:-Mn0O ternary oxide and the
extensibility of the oxide based inclusion.

Fig. 2 is the optical micrographs of the oxide based
inclusion observed on the 1 cross section.

Fig. 3 is a schematic illustration showing the shape of
the vicinity of the bead of the fatigue test piece.

Fig. 4 is a graph exemplifying the relationship between
theheatingtemperatureand1jushardnesscﬁfthen@terialhaving

been subjected to a heating test for 120 hours after the temper

rolling.

Description of Embodiments

[0015]
Oxide Based Inclusion

The inclusions present in steel are roughly classified
intoakﬁghlyextensibletypeandacﬁfficultlydeformabletype.
Theformerisnminlya:uﬂfidebasedone,andthelaterisnminly
an oxide based one. Among these, an oxide based inclusion of

a difficultly deformable type is difficult to extend in cold
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rolling, and remains as coarse particles in the steel. The
coarse oxide based inclusion particles become a factor
deteriorating the workability and the fatigue resistance
characteristics. In the steel making process, refining and
casting are generally performed with the intention to reduce
the amount of the inclusion (i.e., high cleanliness) and to
reduce the diameter thereof. However, the excessively high
cleanliness increases the load in the steel making process,
which leads increase of the product cost. Accordingly, the
invention employs a measure of decreasing the melting point
of the oxide based inclusion and softening the oxide based
inclusion as much as possible, as a technique that can be
performed in the manufacture of an austenitic stainless steel
having an ordinary cleanliness level.

[C016]

It is considered that the oxide based inclusion is
actually a composite oxide containing Al, Si, and Mn as major
components. According to the detailed investigations by the
inventors, it has been found that the compositional range of
the oxide based inclusion that is effective for imparting
extensibility to the inclusion can be identified in the case
where the contents of A1, Si, andMn in the oxide based inclusion
are shown by the composition converted to the single oxide,
i.e., Al203, Si0Oz, and MnO. In the equilibrium diagram of the

Al;03-5102-MnO  ternary oxide, the compositional range

10
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approximately agrees with the range where the oxide has a
relatively low melting point.
[0017]

Fig. 1 shows the relationship between the composition
of the Al203-5102-MnO ternary oxide and the extensibility of
the oxide based inclusion. The plots in the diagram show the
results of evaluation of the extension state of the oxide based
inclusion on a cross section in parallel to the rolling
direction and the thickness direction (i.e., the L cross
section) of a cold rolled steel under the certain standard for
many stainless steels. Specifically, the case where the
respective oxide based inclusion particles are collapsed and
clearly extended in the rolling direction by cold rolling is
shown by the solid dot (extensibility: yes). The coordinates
of the plots each show the "average composition of the oxide
based inclusion"” obtained by converting the contents of Al,
Si, and Mn of the oxide based inclusion to the mass ratios of
Alz03, 8102, and MnO respectively. 1In the region where the
converted average composition contains 30% by mass or less of
Al203, 60% by mass or less of SiO, and 15% by mass or more of
MnO and satisfies the following expression (3) (which is shown

by the bold frame in Fig. 1), the oxide based inclusion has

extensibility.

MnO = -3S510;+110 (3)

11
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As described in the examples later, in the case where
the composition of the oxide based inclusion is in the range,
the anisotropy of the bending workability and the fatigue
resistance characteristics is considerably improved, so as to
provide a base material steel sheet suitable for a metal gasket
demanded to have a high performance.

[0018]

The composition of the oxide based inclusion can be
controlledmainly by the steel composition and the steel making
condition. Particularly, in the steel composition, it is
effective to ensure the Mn content sufficiently and to restrict
the Al content. In addition to these, it is considerably
effective to perform Si deoxidizing rather than Al deoxidizing
in the steel making.

[0019]

Fig. 2 exemplifies the optical micrographs of the oxide
based inclusion observed on a I, cross section of a hot rolled
and annealed steel sheet having been subjected to cold rolling
with a rolling reduction of 40% to a thickness of 0.8 mm. Fig.
2 (a) shows the comparative example No. 22, and Fig. 2 (b) shows
the example of the invention No. 1 described.later. In general,
an oxide based inclusion found in an austenitic stainless steel
sheet 1s hard and is present in the steel sheet without

significant collapse even after cold rolling, as shown in Fig.

12
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2(a) . With a smaller thickness, the proportion of the
diameters of the inclusion particles occupied in the thickness
becomes larger, which is liable to be a factor impairing the
workability and the fatigue resistance characteristics. 1In
the austenitic stainless steel sheet according to the
invention, on the other hand, the composition of the oxide based
inclusion is controlled to the range providing softness, and
thus 1is collapsed by rclling and extended in the rolling
direction following the metal flow of the steel base material,
as shown in Fig. 2(b). The extension degree of the oxide based
inclusion is increased with the decrease of the thickness, and
the adverse influence thereof on the bending workability’and
the fatigue resistance characteristics becomes considerably
small. In the purpose of ametal gasket subjected to bead press
forming, the maximum diameter of the oxide based inclusion in
the thickness direction observed on the L cross section of the
steel sheet to be subjected to forming is preferably 5.0 pum

or less, and more preferably 3.0 pm or less. The maximum

diameter in the thickness direction thereof 1is more

effectively extended to 1.0% or less of the thickness.

[0020]

Steel Composition

The chemical composition of the steel sheet targeted in
the invention (steel composition) will be described below. In

the following description, the "percentage" in the steel

13
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composition means "percentage by mass" unless otherwise
indicated.

C is an element forming austenite, and is an element that
is effective for strengthening the austenite phase and the
deformation induced martensite phase. When the C content is
too small, the aforementioned strengthening effect may not be
sufficiently exhibited. Asaresult of various investigations,
the C content isnecessarily 0.030% ormore, andmore preferably
0.060% or more. The C content may be managed to a value
exceeding 0.100%. However, too large a C content is liable
to cause the grain boundary precipitation of a Cr carbide in
the cooling process, and may be a factor deteriorating the
corrosion resistance. The C content is controlled to a range
of 0.300% or less.

[0021]

S1 is added as a deoxidizing agent in steel making.
According to the investigations by the inventors, deoxidizing
with Si is considerably effective for controlling the
composition of the oxide based inclusion to the range providing
softness. Si isnecessarily added tomake a Si content of 0.30%
or more. Si has a large function of hardening the austenite
phase and the deformation induced martensite phase, and the
hardening effect is effective for enhancing the strength of
the gasket. However, the excessive increase of the hardness

may be a factor deteriorating the workability and the toughness,

14
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The Si content is restricted to a range of 3.20% or less, and
may be managed to 3.00% or less.
[0022]

Mn is an element forming austenite, and 1s an element
that is important for softening the oxide based inclusion. It
has been found that in the case where the Mn content is increased,
the enhancement effect of the high temperature softening
resistance characteristics can be obtained by sufficiently
ensuring the N content. It is supposed that this is an effect
caused by the fact that in the case where the Mn content is
large, the retention of the function of anchoring the
dislocation by N, among C and N that are accumulated in the
end portion of the edge dislocation (i.e., the edge portion)
due to heating after the cold working, is facilitated to a high
temperature. That is, it is considered that the structure
state of the "strain aged" is prevented from being broken even
under heating to a high temperature, by the composite function
of Mn and N. This is also confirmed by the fact that in the
examples described later, the comparative example No. 22 {(with
a low Mn content and a high N content) exhibits deteriorated
high temperature softening resistance characteristics, but
the examples of the invention (with a Mn content and a N content
that are sufficiently high) are improved in high temperature
softening resistance characteristics.

[0023]

15
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As a result of detailed investigations by the inventors,
for achieving a gasket with high performance by sufficiently
relieving the anisotropy of the workability and the fatigue
resistance characteristics, it is considerably effective to
ensure a Mn content of 0.90% or more. When the Mn content is
lower than that value, the composition of the oxide based
inclusion is difficult to control to the aforementioned
predetermined range, thereby failing to provide stably a
gasket having small anisotropy. This is also disadvantageous
for enhancing the high temperature softening resistance
characteristics. The Mn content may be managed to a range
exceeding 1.00%. However, when the Mn content is increased,
the load on the steel making is increased, and shortage in
corrosion resistance may occur depending on the purpose. As
a result of various investigations, the Mn content is allowed
to be 17.00% at most, is preferably 8.00% or less, and may be
managed to a range of 5.00% or less.

[0024]

Ni is an element forming austenite, and in the invention,
the N content is 1.00% or more. When the Ni content is smaller
than that value, it is difficult to control the components for
providing an austenite single phase structure in the state
after annealing. In the invention, Mn is contained as
described above, and therefore the Ni content can be saved

thereby. The Ni content may be set in a range of 8.00% or less.

16
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[0025]

Cr is an element that 1s essential for imparting the
corrosion resistance necessary as a stainless steel. 1In the
purpose of a metal gasket, a Cr content of 14.00% or more is
desirably ensured. However, Cr is an element forming ferrite,
and therefore when the Cr content is increased, the amount of
the austenite forming element that is required for forming an
austenite single phase structure after annealing is also
increased, which may be a factor increasing the steel material
cost. As a result of various investigations, the Cr content
is preferably in a range of 19.00% or less.

[0026]

Cu is an element forming austenite, and is considered
to be effective for enhancing the high temperature softening
resistance characteristics, as similar to Mn. In the
invention, a steel having a Cu content of 0.50% or more 1is
targeted. However, when the amounts of Mn and Cu are
simultaneously increased, a Cu-Mn phase is liable to be
deposited on heating before hot rolling, which may be a factor
causing cracks in hot rolling. For preventing hot cracking,
it is effective to restrict the 01230 value of the expression
(2) to the certain value, as described later, and in addition
to this, the Cu content is necessarily restricted to 3.50% or
less.

(00271

17
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N is an element forming austenite, and is effective for
strengthening the austenite phase and the deformation induced
martensite phase, as similar to C. Furthermore, the addition
of N is important for sufficiently providing the effect of
enhancing the high temperature softening resistance
characteristics, which are considered to be a composite effect
with Mn as described above. As a result of wvarious
investigations, the N content is 0.045% or more. When the
content is less than that value, it is difficult to enhance
stably the high temperature softening resistance
characteristics. The N content of 0.085% or more is more
effective. The excessive N content forms a nitride in the
cooling process after annealing to be a factor deteriorating
the corrosion resistance and the fatigue resistance
characteristics. The N content is restricted to 0.250% or
less.

[0028]

Al is an element having a strong deoxidizing function.
However, according to the investigations by the inventors, it
has been found that the composition of the oxide based inclusion
can be easily controlled to the aforementioned range by using
Si deoxidizing mainly, rather than the deoxidizing only with
Al, and by refining such that Al is added to make a total Al
content in the steel of 0.0001% or more. There may be a case

where the toughness is adversely affected by the increase of

18
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the Al content. The total Al content in the steel is restricted
to 0.0300% or 1less.
[0029]

V, Nb, Ti, and B are elements effective for improving
the productivity, the strength, the fatigue resistance
characteristics, and the 1ike. One or more of these elements
may be added depending on necessity. The contents thereof are
0.50% or less for V, 0.50% or less for Nb, 0.30% or less for
Ti, and 0.020% or less for B. The more effective contents
thereof are from 0.01 to 0.50% for V, from 0.01 to 0.50% for
Nb, from 0.01 to 0.30% for Ti, and from 0.0005 to 0.020% for
B.

[0030]

The contents of the elements are controlled to make the

Mdso value defined by the following expression (1) of 50.0 or

less.
Mdsp = 551-462 (C+N)-9.281-8.1Mn-29 (Ni+Cu)-13.7Cr (1)

In the expression (1), the element symbols represent the
percentages by mass of the elements respectively. The Mdazo
value is an index of the stability of austenite that is defined
as the temperature (°C), at which on applying a tensile strain
of 30% to an austenite single phase, 50% of the structure is

transformed to martensite. 1In the invention, the contents of

19
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the component elements are balanced to make the Mdsp value of
50.0 or less, and the deformation induced martensite phase 1is
prevented from being induced excessively.
[0031]

The contents of the elements are controlled to make the

81230 value defined by the following expression (2) of 8.0 or

less.

di230 = —-101.5-78.6C+3.151+0.4Mn~2.4N1i+7.7Cr~1.5Cu-51.4N (2)

In the expression (2), the element symbols represent the
percentages by mass of the elements respectively. The 81230
value is an index showing the amount (% by volume) of the o
ferrite phase in the center portion of a cross section the cast
slab obtained by continuous casting, after heating to 1,230°C
for 120 minutes. According to the investigations by the
inventors, when the Mn content and the Cu content in the
austenitic stainless steel are simultaneously increased, a
Cu-Mn phase is liable to precipitate on heating the cast slab
before hot rolling, which may be a factor causing cracks on
hot rolling. The influence on the hot rolling cracking of the
Cu-Mn phase has a relationship to the amount of the & ferrite
phase present, and in a steel types having a total content of
Mn and Cu of 1.4% by mass or more as in the steel targeted in

the invention, the hot rolling cracking can be significantly
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prevented by controlling the 81230 value to 8.0 or less.
[0032]

The 81230 value is an index for providing the stable
prevention method of the hot rolling cracking of an austenitic
steel types having a total content of Mn and Cu of 1.4% by mass
or more, to which the ordinary hot rolling condition of an
austenitic stainless steel (heating temperature of cast
material: 1,100 to 1,350°C) has been applied, but does not mean
that the heating temperature of the cast material before hot
rolling should be 1,230°C.

[0033]
Production Method

A representative production method will be described
below. A steel having Dbeen controlled to have the
aforementioned chemical composition is manufactured with an
ordinary steel making equipment for a stainless steel to
provide a cast slab. There isnonecessity of a special process
for providing high cleanliness. However, the deoxidizing
method is desirably Si deoxidizing rather than deoxidizing
only with Al. It is more effective to add Al in combination.
The cast slab is subjected to hot rolling in the similar manner
as the production of an ordinary austenitic stainless steel
sheet, so as to provide a hot rolled steel sheet. The heating

temperature for the cast slab before the hot rolling may be

in a range of from 1,100 to 1,350°C. The oxide based inclusion
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present in the hot rolled steel sheet has a composition within
the aforementioned range and thus is softened.
[0034]

The hot rolled steel sheet is subjected to annealing,
and then subjected to cold rolling to reduce the thickness.
Intermediate annealing may be performed depending on necessity
in the course of the cold rolling. The oxide based inclusion
having been softened is collapsed under the pressure of the
cold rolling, and 1is extended 1in the rolling direction
following the metal flow of the steel base material. After
performing finish annealing, temper rolling may be performed
to provide the thickness of the final product. The thickness
may be, for example, from 0.05 to 0.5 mm. According to the
procedures, the cold rolled steel sheet derived from the
aforementioned hot rolled steel sheet can be obtained. 1In the
aforementioned processes, pickling is generally performed
after the annealing.

[0035]

The resulting cold rolled steel sheet is free of the
anisotropy problem in the ordinary materials caused by the
coarse oxide based inclusion present in a successive form in
the rolling direction, and is suitable for various press
forming purposes including a metal gasket. In the process of
producing a metal gasket, a bead having a constant height is

formed by bead press forming. The press formed material thus
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obtained may be subjected to an aging treatment at from 100
to 500°C depending on necessity. The aging treatment provides
the aforementioned effect of "strain aging", thereby
increasing the strength of the material. Even in the case
where an aging treatment is not performed, a metal gasket is
heated to a high temperature during the use thereof, thereby
providing the effect of strain aging. The metal gasket
according to the invention is improved in high temperature
softening resistance characteristics as described above, and
thus is prevented from decreasing in strength in a high
temperature purpose, thereby providing excellent durability
in combination with the effect of decreasing the anisotropy

of the fatigue resistance characteristics.

Example
[0036]

Steels having the chemical compositions shown in Table
1 were manufactured, and cast slabs were obtained therefrom.
The deoxidizing performed was Si deoxidizing for all the steels
targeted in the invention. The cast slab was heated to from
1,100 to 1,350° for 120 minutes, then taken out from the furnace,
and subjected to hot rolling to provide a hot rolled steel sheet
having a thickness of 3.0 mm.

[0037]
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[0038]
Compositional Analysis of Oxide Based Inclusion

A specimen cut out from the hot rolled steel sheet was
observed with SEM on a cross section in parallel to the rolling
direction and the thickness direction (i.e., the L cross
section), and 30 particles were arbitrarily selected from the
particles of the oxide based inclusion present on the L cross
section, and were subjected to compositional analysis by EDX
(energy dispersive X-ray spectrometry). The contents of Al,
Si, and Mn of the respective inclusions were converted to the
mass ratios of the single oxide, i.e., Al203, Si0O2, and MnO,
respectively, and the values of the mass ratios were averaged
for the 30 oxide based inclusion particles to provide the

average composition of the oxide based inclusion of the steel

sheet.
[0039]
Subsequently, the hot rolled steel sheet was subjected

to a heat treatment by soaking at 1,100°C for 60 seconds, and

then subjected to cold rolling to reduce the thickness. 1In
the course of the cold rolling, intermediate annealing by
scaking within a range of from 900 to 1,100°C for 60 seconds
was performed once or multiple times, and then temper rolling
was performed at a temper rolling reduction ratio making a
hardness on the sheet surface (rolled surface) of from 430 to

460 HV at a final thickness of 0.2 mm, thereby providing a cold
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rolled steel sheet having a thickness of 0.2 mm. The resulting
cold rolled steel sheet having been finished by temper rolling
was subjected to the following tests as a test material.
[0040]
Hardness

The Vickers hardness of the sheet surface (rolled
surface) of the test material was measured.
Bending Workability

A test material of the cold rolled steel sheet having
been finished by temper rolling was subjected to a bending test
by the V block method of JIS 22248:2006. The test piece having
the longitudinal direction that is in parallel to the rolling
direction is designated as the L direction, and that having
the longitudinal direction that is perpendicular to the
rolling direction is designated as the C direction. In the
bending test piece of the L direction, the bending ridge line
is perpendicular to the rolling direction, and in the bending
test piece of the C direction, the bending ridge line is in
parallel to the rolling direction. The ratio of the minimum
bending radius R that does not form a defect including cracking
on the ocuter surface of the bent portion to the thickness t
is designated as the bending limit (R/t). The bending test
was performed for three test pieces (n=3), and the worst result
among the three test results was adopted as the result of the

test. A material that has a bending limit R/t of 1.5 or less
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in both the L direction and the C direction, and a ratio of
(bending limit R/t in C direction)/(bending limit R/t in L
direction) of 1.3 or less can be evaluated to have good bending
workability for a steel sheet material for a metal gasket,
subjected to bead press forming.
[0041]
Fatigue Resistance Characteristics

Strip specimens (width: 8 mm) respectively having the
longitudinal directions of the L direction and the C direction
were ccllected from the test material, and each were worked
to a test piece having an "initial bead" having the shape shown
in Figs. 3(a) and 3 (b) by bead press forming. The initial bead
had a groove width of approximately 3 mm and an initial bead
height of approximately 0.4 mm. The initial bead portion was
subjected to compression corresponding to the initial
tightening of a metal gasket, thereby producing a fatigue test
specimen having a simulated bead having a remaining bead height
of approximately 0.1 mm as shown in Fig. 3(c). In the cross
sectional shape schematically shown in Figs. 3(b) and 3{c),
the dimension in the thickness direction 1s drawn with
exaggeration. The fatigue test piece was subjected to a
fatigue test by applying a reversed stress to the simulated
beadportion, and the fatigue limit (N/mm?) at a number of cycles
of 107 was obtained. A material that has a fatigue limit of

300 N/mm? or more in both the L direction and the C direction,
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and a difference in fatigue limit between the I, direction and
the C direction of 30 N/mm? or less can be evaluated to have
good fatigue resistance characteristics for a metal gasket
having a formed bead press portion.
[0042]
High Temperature Softening Resistance Characteristics

The test materials untouched after the temper rolling
were subjected to a heat treatment of retaining at temperatures
in a range of from 300 to 800°C with a step of 100°C for 120
hours, and the hardness of the surface of the sheet (rolled
surface} after the heat treatment was measured. Fig. 4
exemplifies the measurement results of a part of the test
materials. In Fig. 4, (a) shows the comparative example No.
23, and (b) shows the example of the inventionNo. 1 (the numbers
are those in Table 2). Under the condition of a heating time
of 120 hours, the increase of the hardness due to the strain
aging was found at heating temperatures of 300°C and 400°C in
both the materials. When the heating temperature is increased,
the material is softened. 1In the comparison of the softening
behavior in a high temperature range of 600°C, the example of
the invention No. 1 was considerably suppressed in softening
and maintained a hardness around 350 HV after heating at 800°C
for 120 hours, and thus it was found that the high temperature
softening resistance characteristics were considerably

improved. In the heating test, when the heating temperature
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that lowers the hardness to 2/3 of the hardness Hgo (HV) of the
material after the temper rolling, 1.e., the heating
temperature that provides a hardness of 2/3-Ho, is 800°C or
more, it can be determined that the material has excellent high
temperature scftening resistance characteristics as a metal
gasket formed through bead forming. Accordingly, the high
temperature softening resistance characteristics herein were
evaluated by the temperature that provides 2/3 -Ho.

The results are shown in Table 2. In Table 2, the "finish
annealing” means the final annealing performed before the

temper rolling.

{0043}
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[0044]

It is understood from Table 2 that in the examples of
the invention, the composition of the oxide based inclusion
is in the aforementioned range providing softness, and the
bending workability and the fatigue resistance
characteristics have small anisotropy, which are suitable
characteristics for a metal gasket. In the observation of the
L cross section of these test materials (cold rolled and
annealed steel sheets), the oxide based inclusion was
collapsed by rolling and extended in the rolling direction,
and the maximum diameter thereof in the thickness direction
was 2 pum or less. The examples of the invention also had good
high temperature softening resistance characteristics.
[0045]

In the comparative examples Nos. 21 to 24, on the other
hand, the composition of the inclusion was outside the range
providing softness, and the bending workability and the
fatigue characteristics had large anisotropy. In No. 22, due
to the low Mn content, the high temperature softening
resistance characteristics were poor even though the N content
was sufficiently ensured. In Nos. 23 and 24, the high
temperature softening resistance characteristics of the steel
sheets were poor due to the small N content in No. 23, and due
to the small Mn content and the small N content in No. 24. 1In

No. 25, the temper rolling reduction reguired for enhancing
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the strength was increased due to the small C content, and it
was inferior in anisotropy. In No. 26, cracking occurred in
the hot rolling due to the excessively high 8i23¢ value.
[0046)

The experimental example for investigating the
influence of the deoxidizing method on the composition of the
inclusion will be described. As described above, in the steel
making process of the steels of the invention shown in Table
1, the deoxidizing was performed by "Si deoxidizing”™. In the
steel R as a comparative steel, "Si deoxidizing" was employed.
A steel D-1 and a steel R-1 were manufactured by using "Al
deoxidizing" to provide the same steel compositions as the
steel D and the steel R {Si deoxidizing) in Table 1 respectively,
and the composition of the inclusion therein was measured in
the aforementioned manner. The results are shown in Table 3.

[0047]
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[0048]

As exemplified in Table 3, it is understood that even in
the case where steels having the same steel composition are
manufactured, the composition of the inclusion is largely
fluctuated by the deoxidizing method. For providing the
inclusion having a composition that is in the range providing
softness, which is defined in the invention, Si deoxidizing is

advantageous than Al deoxidizing.
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CLAIMS

1. A cold rolled austenitic stainless steel sheet derived
from a hot rolled austenitic stainless steel sheet having a
steel composition that contains from 0.030 to 0.300% of C, from
0.30 to 3.20% of Si, from 0.90 to 17.00% of Mn, from 1.00 to
8.00% of Ni, from 14.00 to 19.00% of Cr, from 0.50 to 3.50% of
Cu, from 0.045 to 0.250% of N, from 0.0001 to 0.0300% of Al,
from O to 0.50% of V, from 0 to 0.50% of Nb, from 0 to 0.30%
of Ti, and from 0 to 0.010% of B, all in terms of percentage
by mass, with the balance of Fe and unavoidable impurities, and
has an Mdss value defined by the following expression (1) of
50.0 or less and a 81230 value defined by the following expression
(2) of 8.0 or less, and having an average composition of an oxide
based inclusion observed in a metal structure that contains 30%
by mass or less of Al203, 60% by mass or less of Si0;, and 15%
by mass or more of MnO, in terms of converted mass ratio of Al,0s3,
Si02, and MnO, and satisfies the following expression (3),

wherein a heating temperature at which a Vickers hardness of
a plate surface of the cold rolled austenitic stainless steel
after being subjected to a heat treatment of 120 h falls 2/3
of the Vickers hardness on a rolled surface of the sheet, Hg

(HV), is at least 800 °C:

Mdsp = 551-462(C+N)~-9.251-8.1Mn-29 (Ni+Cu)-13.7Cr (1)
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81230 = -101.5-78.6C+3.151+0.4Mn-2.4Ni+7.,7Cr-1.5Cu-51.4N (2)

MnO 2 -3S5i0:+110 (3)

wherein in the expressions (1) and (2), the element symbols
represent the percentages by mass of the elements respectively
in the steel composition, and in the expression (3), MnO and
5102 represent the converted percentages by mass of MnO and SiO;
respectively in the average composition of the oxide based

inclusion.

2. The cold rolled austenitic stainless steel sheet
according to claim 1, which has a Vickers hardness on the rolled

surface of the sheet of from 400 to 460 HV.

3. The cold rolled austenitic stainless steel sheet
according to claim 1, which has a thickness of from 0.05 to 0.5
mm.

4. The cold rolled austenitic stainless steel sheet
according toclaiml, which has a Vickers hardness on the surface
of the rolled sheet of from 400 to 460 HV, and a thickness of

from 0.05 to 0.5 mm.

5. A metal gasket comprising the cold rolled steel sheet
according to any one of claims 1 to 4 having been formed, having

a bead formed by press forming, and being used by pressing an
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apex of the bead onto a contact material.

6. A metal gasket comprising the cold rolled steel sheet

according to any one of claims 1 to 4 having been formed and

then subjected to an aging treatment at from 100 to 500°C, having
a bead formed by press forming, and being used by pressing an

apex of the bead onto a contact material.
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