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(54) AUSTENITIC STAINLESS ALLOY MATERIAL

(57) An austenitic stainless alloy material that has
excellent creep strength and excellent stress relaxation
cracking resistance is provided. An austenitic stainless
alloy material according to the present disclosure con-
tains, in mass%, C: 0.03 to 0.12%, Si: 0.05 to 2.00%, Mn:
0.05 to 3.00%, P: 0.03% or less, S: 0.010% or less, Ni:

18.0 to less than 25.0%, Cr: 22.0 to less than 30.0%, Co:
0.04 to 0.80%, Ti: 0.002 to 0.010%, Nb: 0.1 to 1.0%, V:
0.01 to 1.00%, Al: 0.001 to less than 0.030%, and N: 0.10
to 0.35%. The number density of precipitates having an
equivalent circular diameter of 0.5 to 2.0 µm is 5000
pieces/mm2 or more.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to an alloy material, and more particularly relates to an austenitic stainless alloy
material.

BACKGROUND ART

[0002] Austenitic stainless alloy materials are used as a raw material for boilers such as coal-fired power boilers,
biomass boilers, and HRSG (Heat Recovery Steam Generators). Raw materials that are used in these boilers are required
to have excellent creep strength in high-temperature environments.
[0003] Austenitic stainless alloy materials in which the creep strength is increased are proposed in International
Application Publication No. WO2009/044796 (Patent Literature 1) and Japanese Patent Application Publication No.
2004‑250783 (Patent Literature 2).
[0004] PatentLiterature 1 discloses an austenitic stainless alloy material that consists of, in mass%, C: 0.04 to 0.18%, Si:
1.5% or less, Mn: 2.0% or less, Ni: 6 to 30%, Cr: 15 to 30%, N: 0.03 to 0.35%, and sol. Al: 0.03% or less, and also contains
one or more types among Nb: 1.0% or less, V: 0.5% or less, and Ti: 0.5% or less, with the balance being Fe and impurities.
In addition, in this alloy material, P1 (= S+{(P+Sn)/2}+{(As+Zn+Pb+Sb)/5}) is 0.06 or less, and P2 (= Nb+2(V+Ti)) is 0.2 to
1.7‑10xP1. In the alloy material disclosed in Patent Literature 1, by making P2 that is an index of Nb, V, and Ti 0.2 or more,
precipitates are formed during use in a high-temperature environment and the creep strength is increased.
[0005] Patent Literature 2 discloses an austenitic stainless alloy material that consists of, in mass%, C: 0.03 to 0.12%,
Si: 0.2 to 2%, Mn: 0.1 to 3%, P: 0.03% or less, S: 0.01% or less, Ni: more than 1 8% to less than 25%, Cr: more than 22% to
less than 30%, Co: 0.04 to 0.8%, Ti: 0.002% or more and less than 0.01%, Nb: 0.1 to 1%, V: 0.01 to 1%, B: more than
0.0005% to 0.2% or less, sol. Al: 0.0005% or more to less than 0.03%, N: 0.1 to 0.35%, and O (oxygen): 0.001 to 0.008%,
with the balance being Fe and impurities. In the alloy material disclosed in Patent Literature 2, by containing Ti, Nb, and V,
precipitates are formed during use in a high-temperature environment and the creep strength is increased.

CITATION LIST

PATENT LITERATURE

[0006]

Patent Literature 1: International Application Publication No. WO2009/044796
Patent Literature 2: Japanese Patent Application Publication No. 2004‑250783

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0007] In this connection, when austenitic stainless alloy materials for boiler use are applied for use in a boiler, the
austenitic stainless alloy materials are welded or subjected to bending. Austenitic stainless alloy materials that are applied
for use in boilers are used for long periods of time in a high temperature range of 500 to 750°C. At such time, relaxation of
residual stress occurs at a weld zone of the austenitic stainless alloy material or at a portion subjected to bending. Due to
the relaxation of residual stress, precipitates form within grains and the interior of the grains hardens. Consequently, creep
strain may sometimes accumulate at grain boundaries and a crack may occur at the grain boundaries. A crack of this kind is
called a "stress relaxation crack".
[0008] An austenitic stainless alloy material for boiler use is required to have not only excellent creep strength, but also
excellent stress relaxation cracking resistance. In the aforementioned Patent Literatures, although creep strength is
discussed, there is no discussion regarding stress relaxation cracking resistance.
[0009] An objective of the present disclosure is to provide an austenitic stainless alloy material that has excellent creep
strength and excellent stress relaxation cracking resistance.

SOLUTION TO PROBLEM

[0010] An austenitic stainless alloy material according to the present disclosure consists of, in mass%,
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C: 0.03 to 0.12%,
Si: 0.05 to 2.00%,
Mn: 0.05 to 3.00%,
P: 0.03% or less,
S: 0.010% or less,
Ni: 18.0 to less than 25.0%,
Cr: 22.0 to less than 30.0%,
Co: 0.04 to 0.80%,
Ti: 0.002 to 0.010%,
Nb: 0.1 to 1.0%,
V: 0.01 to 1.00%,
Al: 0.001 to less than 0.030%,
N: 0.10 to 0.35%,
Mo: 0 to 1.00%,
W: 0 to 1.00%,
B: 0 to 0.010%, and
Ca: 0 to 0.0100%,
with the balance being Fe and impurities,
wherein a number density of precipitates having an equivalent circular diameter of 0.5 to 2.0µmis 5000 pieces/mm2 or
more.

ADVANTAGEOUS EFFECTS OF INVENTION

[0011] The austenitic stainless alloy material of the present disclosure has excellent creep strength and excellent stress
relaxation cracking resistance.

BRIEF DESCRIPTION OF DRAWINGS

[0012]

[FIG. 1] FIG. 1 is a perspective view of a C-ring type restraint weld cracking test specimen used in a stress relaxation
cracking resistance evaluation test.
[FIG. 2] FIG. 2 is a schematic diagram for describing a method for carrying out a stress relaxation cracking resistance
evaluation test using the C-ring type restraint weld cracking test specimen illustrated in FIG. 1.
[FIG. 3] FIG. 3 is an enlarged view of a portion in the vicinity of the bottom of a notch in a cross section perpendicular to
the pipe axis direction of a C-ring type restraint weld cracking test specimen in a stress relaxation cracking resistance
evaluation test in the Examples.

DESCRIPTION OF EMBODIMENTS

[0013] The present inventors conducted studies regarding an austenitic stainless alloy material which can achieve both
excellent creep strength and excellent stress relaxation cracking resistance. First, the present inventors attempted to
achieve both excellent creep strength and excellent stress relaxation cracking resistance from the viewpoint of the
chemical composition.As a result, the present inventorsconsidered that if the chemical composition consists of, in mass%,
C: 0.03 to 0.12%, Si: 0.05 to 2.00%, Mn: 0.05 to 3.00%, P: 0.03% or less, S: 0.010% or less, Ni: 18.0 to less than 25.0%, Cr:
22.0 to less than 30.0%, Co: 0.04 to 0.80%, Ti: 0.002 to 0.010%, Nb: 0.1 to 1.0%, V: 0.01 to 1.00%, Al: 0.001 to less than
0.030%, N: 0.10 to 0.35%, Mo: 0 to 1.00%, W: 0 to 1.00%, B: 0 to 0.010%, and Ca: 0 to 0.0100%, with the balance being Fe
and impurities, there is a possibility that both excellent creep strength and excellent stress relaxation cracking resistance
can be achieved.
[0014] Therefore, in addition, the present inventors conducted studies from the viewpoint of the microstructure with
regard to achieving both excellent creep strength and excellent stress relaxation cracking resistance in an austenitic
stainless alloy material that satisfies the chemical composition described above.
[0015] Usually, in an austenitic stainless alloy material for boiler use, during use in a high-temperature environment, fine
precipitates such as Ti precipitates, Nb precipitates, and V precipitates are formed and the creep strength is increased by
precipitation strengthening by these precipitates. Therefore, in the austenitic stainless alloy material disclosed in Patent
Literature 1 or Patent Literature 2, a heat treatment (solution treatment) is performed in the final stage of the production
process. By this means, precipitates in the austenitic stainless alloy material are melted as much as possible, and Ti, Nb,
and Vare placed in a dissolved state. This is because, when the austenitic stainless alloy material is being used in a high-
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temperature environment, fine precipitates are formed by these dissolved elements and the creep strength is thereby
increased.
[0016] However, the present inventors considered that rather than reducing precipitates in the austenitic stainless alloy
material and placing Ti, Nb, and V in a dissolved state as has been done in the past, by intentionally causing fine
precipitates to be present in advance in the austenitic stainless alloy material, it would be possible to increase not only the
creep strength but also the stress relaxation cracking resistance.
[0017] The grains of an austenitic stainless alloy material can be kept fine by the pinning effect of fine precipitates that are
present in advance in the austenitic stainless alloy material. In this case, the grain boundary area in the alloy material
increases. By such increase in the grain boundary area, the stress relaxation cracking resistance can be increased.
[0018] On the other hand, in a case where precipitates are present in advance in an austenitic stainless alloy material, it
is difficult for new fine precipitates to form during use in a high-temperature environment. In addition, it is also conceivable
that during use in a high-temperature environment, the precipitates that are already present will coarsen. In such case,
there is a possibility that sufficient creep strength will not be obtained. However, as a result of studies conducted by the
present inventors, it has been revealed that if precipitates having an equivalent circular diameter of 0.5 to 2.0 µm are
present in an amount equivalent to a number density of 5000 pieces/mm2 or more in an austenitic stainless alloy material
having the above chemical composition before being applied for used in a boiler, sufficient creep strength is obtained even
during use in a high-temperature environment.
[0019] Based on the above findings, the present inventors have discovered that instead of increasing the creep strength
in a high-temperature environment by reducing precipitates as much as possible in an alloy material as in the case of the
conventional austenitic stainless alloy materials such as are disclosed in Patent Literature 1 and Patent Literature 2,
excellent creep strength and excellent stress relaxation cracking resistance can both be achieved by intentionally causing
fine precipitates to be present in an amount equivalent to a number density of 5000 pieces/mm2 or more in the austenitic
stainless alloy material, and thus completed the austenitic stainless alloy material of the present embodiment.
[0020] The austenitic stainless alloy material of the present embodiment, which has been completed based on the
technical idea described above, is as follows.

[1] An austenitic stainless alloy material consisting of, in mass%,

C: 0.03 to 0.12%,
Si: 0.05 to 2.00%,
Mn: 0.05 to 3.00%,
P: 0.03% or less,
S: 0.010% or less,
Ni: 18.0 to less than 25.0%,
Cr: 22.0 to less than 30.0%,
Co: 0.04 to 0.80%,
Ti: 0.002 to 0.010%,
Nb: 0.1 to 1.0%,
V: 0.01 to 1.00%,
Al: 0.001 to less than 0.030%,
N: 0.10 to 0.35%,
Mo: 0 to 1.00%,
W: 0 to 1.00%,
B: 0 to 0.010%, and
Ca: 0 to 0.0100%,
with the balance being Fe and impurities,
wherein a number density of precipitates having an equivalent circular diameter of 0.5 to 2.0 µm is 5000
pieces/mm2 or more.

[2] The austenitic stainless alloy material according to [1], containing one kind of element or more selected from a
group consisting of:

Mo: 0.01 to 1.00%,
W: 0.01 to 1.00%,
B: 0.001 to 0.010%, and
Ca: 0.0001 to 0.0100%.

[0021] Hereunder, the austenitic stainless alloy material of the present embodiment is described in detail.
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[Features of alloy material of present embodiment]

[0022] The austenitic stainless alloy material of the present embodiment satisfies the following Feature 1 and Feature 2.

(Feature 1)

[0023] The chemical composition consists of, in mass%, C: 0.03 to 0.12%, Si: 0.05 to 2.00%, Mn: 0.05 to 3.00%, P:
0.03% or less, S: 0.010% or less, Ni: 18.0 to less than 25.0%, Cr: 22.0 to less than 30.0%, Co: 0.04 to 0.80%, Ti: 0.002 to
0.010%, Nb: 0.1 to 1.0%, V: 0.01 to 1.00%, Al: 0.001 to less than 0.030%, N: 0.10 to 0.35%, Mo: 0 to 1.00%, W: 0 to 1.00%,
B: 0 to 0.010%, and Ca: 0 to 0.0100%, with the balance being Fe and impurities.

(Feature 2)

[0024] The number density of precipitates having an equivalent circular diameter of 0.5 to 2.0µm is 5000 pieces/mm2 or
more.
[0025] Hereunder, Feature 1 and Feature 2 are described.

[(Feature 1) Regarding chemical composition]

[Regarding essential elements]

[0026] The chemical composition of the austenitic stainless alloy material of the present embodiment contains the
following elements.

C: 0.03 to 0.12%

[0027] Carbon (C) increases the creep strength of the alloy material in a high-temperature environment. If the content of
C is less than 0.03%, the aforementioned advantageous effect will not be sufficiently obtained even if the contents of other
elements are within the range of the present embodiment.
[0028] On the other hand, if the content of C is more than 0.12%, even if the contents of other elements are within the
range of the present embodiment, M23C6-type Cr carbides will form at grain boundaries. In such case, Cr-depleted zones
will form at the grain boundaries. Consequently, the stress relaxation cracking resistance of the alloy material will
decrease.

Therefore, the content of C is 0.03 to 0.12%,

[0029] A preferable lower limit of the content of C is more than 0.03%, more preferably is 0.04%, and further preferably is
0.05%.
[0030] A preferable upper limit of the content of C is 0.11%, more preferably is 0.10%, and further preferably is 0.09%.

Si: 0.05 to 2.00%

[0031] Silicon (Si) deoxidizes the alloy in the steelmaking process. Si also increases the oxidation resistance of the alloy
material in a high-temperature environment. If the content of Si is less than 0.05%, the aforementioned advantageous
effects will not be sufficiently obtained even if the contents of other elements are within the range of the present
embodiment.
[0032] On the other hand, if the content of Si is more than 2.00%, the weld hot cracking resistance will decrease even if
the contents of other elements are within the range of the present embodiment.
[0033] Therefore, the content of Si is 0.05 to 2.00%.
[0034] A preferable lower limit of the content of Si is 0.10%, more preferably is 0.15%, further preferably is 0.18%, and
further preferably is 0.20%.
[0035] A preferable upper limit of the content of Si is 1.80%, more preferably is 1.60%, further preferably is 1.40%, further
preferably is 1.30%, and further preferably is 1.25%.

Mn: 0.05 to 3.00%,

[0036] Manganese (Mn) deoxidizes a weld zone of the alloy material during welding. Mn also stabilizes austenite. If the
content of Mn is less than 0.05%, the aforementioned advantageous effects will not be sufficiently obtained even if the
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contents of other elements are within the range of the present embodiment.
[0037] On the other hand, if the content of Mn is more than 3.00%, even if the contents of other elements are within the
range of the present embodiment, sigma phase (σ phase) will easily form during use in a high-temperature environment.
The σ phase will reduce the toughness and creep ductility of the alloy material in a high-temperature environment.
[0038] Therefore, the content of Mn is 0.05 to 3.00%.
[0039] A preferable lower limit of the content of Mn is 0.10%, more preferably is 0.15%, further preferably is 0.20%,
further preferably is 0.30%, further preferably is 0.40%, and further preferably is 0.45%.
[0040] A preferable upper limit of the content of Mn is less than 3.00%, more preferably is 2.99%, further preferably is
2.95%, further preferably is 2.90%, further preferably is 2.80%, further preferably is 2.60%, further preferably is 2.40%,
further preferably is 2.35%, further preferably is 2.20%, and further preferably is 2.00%.

P: 0.03% or less

[0041] Phosphorus (P) is unavoidably contained. In other words, the content of P is more than 0%.
[0042] P segregates to grain boundaries of the alloy material. If the content of P is more than 0.03%, even if the contents
of other elements are within the range of the present embodiment, the aforementioned segregation will occur and the
stress relaxation cracking resistance will decrease.
[0043] Therefore, the content of P is 0.03% or less.
[0044] The content of P is preferably as low as possible. However, excessively reducing the content of P will raise the
production cost of the alloy material. Therefore, when normal industrial manufacturing is taken into consideration, a
preferable lower limit of the content of P is 0.01 %.
[0045] A preferable upper limit of the content of P is 0.02%.

S: 0.010% or less

[0046] Sulfur (S) is unavoidably contained. In other words, the content of S is more than 0%.
[0047] S segregates to grain boundaries of the alloy material. If the content of S is more than 0.010%, even if the contents
of other elements are within the range of the present embodiment, the aforementioned segregation will occur and the
stress relaxation cracking resistance will decrease.
[0048] Therefore, the content of S is 0.010% or less.
[0049] The content of S is preferably as low as possible. However, excessively reducing the content of S will raise the
production cost of the alloy material. Therefore, when normal industrial manufacturing is taken into consideration, a
preferable lower limit of the content of S is 0.001%.
[0050] A preferable upper limit of the content of S is 0.008%, more preferably is 0.006%, further preferably is 0.004%,
and further preferably is 0.003%.

Ni: 18.0 to less than 25.0%

[0051] Nickel (Ni) stabilizes austenite and increases the creep strength of the alloy material in a high-temperature
environment. If the content of Ni is less than 18.0%, the aforementioned advantageous effect will not be sufficiently
obtained even if the contents of other elements are within the range of the present embodiment.
[0052] On the other hand, if the content of Ni is 25.0% or more, the aforementioned advantageous effect will be
saturated. In addition, the production cost will increase.
[0053] Therefore, the content of Ni is 18.0 to less than 25.0%.
[0054] A preferable lower limit of the content of Ni is 18.4%, more preferably is 18.8%, further preferably is 19.2%, and
further preferably is 19.5%.
[0055] A preferable upper limit of the content of Ni is 24.9%, more preferably is 24.8%, further preferably is 24.4%, further
preferably is 24.0%, and further preferably is 23.6%.

Cr: 22.0 to less than 30.0%

[0056] Chromium (Cr) increases the corrosion resistance of the alloy material in a high-temperature environment. If the
content of Cr is less than 22.0%, the aforementioned advantageous effect will not be sufficiently obtained even if the
contents of other elements are within the range of the present embodiment.
[0057] On the other hand, if the content of Cr is 30.0% or more, the stability of austenite in a high-temperature
environment will decrease even if the contents of other elements are within the range of the present embodiment. In such
case, the creep strength of the alloy material will decrease.
[0058] Therefore, the content of Cr is 22.0 to less than 30.0%.
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[0059] A preferable lower limit of the content of Cr is 22.5%, more preferably is 23.0%, and further preferably is 23.5%.
[0060] A preferable upper limit of the content of Cr is 29.9%, more preferably is 29.8%, further preferably is 29.5%,
further preferably is 29.0%, further preferably is 28.5%, further preferably is 28.0%, further preferably is 27.5%, and further
preferably is 27.0%.

Co: 0.04 to 0.80%

[0061] Cobalt (Co) stabilizes austenite and increases the creep strength of the alloy material in a high-temperature
environment. If the content of Co is less than 0.04%, the aforementioned advantageous effect will not be sufficiently
obtained even if the contents of other elements are within the range of the present embodiment.
[0062] On the other hand, if the content of Co is more than 0.80%, the raw material cost will increase.
[0063] Therefore, the content of Co is 0.04 to 0.80%.
[0064] A preferable lower limit of the content of Co is 0.05%, more preferably is 0.06%, and further preferably is 0.08%.
[0065] A preferable upper limit of the content of Co is 0.70%, more preferably is 0.60%, further preferably is 0.55%, and
further preferably is 0.50%.

Ti: 0.002 to 0.010%

[0066] Titanium (Ti) forms Ti precipitates and thereby increases the creep strength of the alloy material in a high-
temperature environment. In addition, by formation of the Ti precipitates, Ti increases the stress relaxation cracking
resistance of the alloy material. If the content of Ti is less than 0.002%, the aforementioned advantageous effects will not be
sufficiently obtained even if the contents of other elements are within the range of the present embodiment.
[0067] On the other hand, if the content of Ti is more than 0.010%, coarse Ti precipitates will form even if the contents of
other elements are within the range of the present embodiment. In this case, during welding, the weld hot cracking
resistance in a weld-heat affected zone formed in the alloy material will decrease.
[0068] Therefore, the content of Ti is 0.002 to 0.010%.
[0069] A preferable lower limit of the content of Ti is 0.003%, and more preferably is 0.004%.
[0070] A preferable upper limit of the content of Ti is 0.009%, and more preferably is 0.008%.

Nb: 0.1 to 1.0%

[0071] Niobium (Nb) forms Nb precipitates and increases the creep strength of the alloy material in a high-temperature
environment. In addition, by formation of the Nb precipitates, Nb increases the stress relaxation cracking resistance of the
alloy material. If the content of Nb is less than 0.1%, the aforementioned advantageous effects will not be sufficiently
obtained even if the contents of other elements are within the range of the present embodiment.
[0072] On the other hand, if the content of Nb is more than 1.0%, during welding of the alloy material, the weld hot
cracking resistance in a weld-heat affected zone of the alloy material will decrease even if the contents of other elements
are within the range of the present embodiment.
[0073] Therefore, the content of Nb is 0.1 to 1.0%.
[0074] A preferable lower limit of the content of Nb is 0.2%, more preferably is 0.3%, and further preferably is 0.4%.
[0075] A preferable upper limit of the content of Nb is 0.9%, more preferably is 0.8%, and further preferably is 0.7%.

V: 0.01 to 1.00%

[0076] Vanadium (V) forms V precipitates and increases the creep strength of the alloy material in a high-temperature
environment. In addition, by formation of the V precipitates, V increases the stress relaxation cracking resistance of the
alloy material. If the content of V is less than 0.01%, the aforementioned advantageous effects will not be sufficiently
obtained even if the contents of other elements are within the range of the present embodiment.
[0077] On the other hand, if the content of V is more than 1.00%, during welding of the alloy material, the weld hot
cracking resistance in a weld-heat affected zone of the alloy material will decrease even if the contents of other elements
are within the range of the present embodiment.
[0078] Therefore, the content of V is 0.01 to 1.00%.
[0079] A preferable lower limit of the content of V is 0.02%, more preferably is 0.03%, and further preferably is 0.04%.
[0080] A preferable upper limit of the content of V is 0.80%, more preferably is 0.75%, further preferably is 0.70%, further
preferably is 0.65%, further preferably is 0.60%, further preferably is 0.40%, further preferably is 0.35%, and further
preferably is 0.25%.
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Al: 0.001 to less than 0.030%

[0081] Aluminum (Al) deoxidizes the alloy in the steelmaking process. Al also increases the oxidation resistance of the
alloy material in a high-temperature environment. If the content of Al is less than 0.001%, the aforementioned advanta-
geous effects will not be sufficiently obtained even if the contents of other elements are within the range of the present
embodiment.
[0082] On the other hand, if the content of Al is 0.030% or more, the hot workability of the alloy material will decrease
even if the contents of other elements are within the range of the present embodiment.
[0083] Therefore, the content of Al is 0.001 to less than 0.030%.
[0084] A preferable lower limit of the content of Al is 0.002%, more preferably is 0.003%, and further preferably is
0.005%.
[0085] A preferable upper limit of the content of Al is 0.029%, more preferably is 0.028%, further preferably is 0.027%,
further preferably is 0.026%, and further preferably is 0.025%.
[0086] Note that, the phrase "content of Al" refers to the content (mass%) of acidsoluble Al (sol. Al).

N: 0. 1 0 to 0.35%

[0087] Nitrogen (N) dissolves in the matrix (parent phase) and stabilizes austenite. The dissolved N also forms fine
nitrides in the alloy material during use in a high-temperature environment. The fine nitrides strengthen Cr-depleted zones.
Consequently, the stress relaxation cracking resistance of the alloy material increases. The fine nitrides that are formed
during use in a high-temperature environment also increase the creep strength of the alloy material by precipitation
strengthening. If the content of N is less than 0.10%, the aforementioned advantageous effects will not be sufficiently
obtained even if the contents of other elements are within the range of the present embodiment.
[0088] On the other hand, if the content of N is more than 0.35%, coarse nitrides will form even if the contents of other
elements are within the range of the present embodiment. The coarse nitrides will reduce the toughness of the alloy
material.
[0089] Therefore, the content of N is 0.10 to 0.35%.
[0090] A preferable lower limit of the content of N is 0.11 %, more preferably is 0.12%, further preferably is 0.14%, and
further preferably is 0.16%.
[0091] A preferable upper limit of the content of N is 0.33%, more preferably is 0.31%, and further preferably is 0.29%.
[0092] The balance of the chemical composition of the austenitic stainless alloy material according to the present
embodiment is Fe and impurities. Here, the term "impurities" means substances which are mixed in from ore and scrap
used as the raw material or from the production environment or the like when industrially producing the austenitic stainless
alloy material, and which are substances that are not intentionally contained but are permitted within a range that does not
adversely affect the austenitic stainless alloy material of the present embodiment.

[Regarding optional elements]

[0093] The chemical composition of the austenitic stainless alloy material of the present embodiment may further
contain, in lieu of a part of Fe, one kind of element or more selected from the group consisting of:

Mo: 0 to 1.00%,
W: 0 to 1.00%,
B: 0 to 0.010%, and
Ca: 0 to 0.0100%.

[0094] Each of these elements is an optional element, and does not have to be contained. Hereunder, these optional
elements are described.

[(First group) Regarding Mo and W]

[0095] The chemical composition of the austenitic stainless alloy material of the present embodiment may further
contain, in lieu of a part of Fe, one kind of element or more selected from the group consisting of Mo and W. These elements
are optional elements, and each of these elements increases the creep strength of the austenitic stainless alloy material.

Mo: 0 to 1.00%

[0096] Molybdenum (Mo) is an optional element, and does not have to be contained. That is, the content of Mo may be
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0%.
[0097] When Mo is contained, that is, when the content of Mo is more than 0%, during use in a high-temperature
environment, Mo increases the creep strength of the alloy material by solid-solution strengthening. If even a small amount
of Mo is contained, the aforementioned advantageous effect will be obtained to a certain extent.
[0098] However, if the content of Mo is more than 1.00%, even if the contents of other elements are within the range of the
present embodiment, intermetallic compounds such as Laves phases will form within the grains. In such case, secondary
induced precipitation hardening will increase and the strength difference between the inside of the grains and the grain
boundaries will be large. Consequently, the stress relaxation cracking resistance will decrease.
[0099] Therefore, the content of Mo is 0 to 1.00%, and when contained, the content of Mo is 1.00% or less.
[0100] A preferable lower limit of the content of Mo is more than 0%, more preferably is 0.01%, further preferably is
0.03%, further preferably is 0.05%, and further preferably is 0.08%.
[0101] A preferable upper limit of the content of Mo is 0.90%, more preferably is 0.85%, further preferably is 0.80%,
further preferably is 0.70%, further preferably is 0.60%, further preferably is 0.50%, further preferably is 0.40%, and further
preferably is 0.30%.

W: 0 to 1.00%

[0102] Tungsten (W) is an optional element, and does not have to be contained. In other words, the content of W may be
0%.
[0103] When W is contained, that is, when the content of W is more than 0%, during use of the alloy material in a high-
temperature environment, W increases the creep strength of the alloy material by solid-solution strengthening. If even a
small amount of W is contained, the aforementioned advantageous effect will be obtained to a certain extent.
[0104] However, if the content of W is more than 1.00%, even if the contents of other elements are within the range of the
present embodiment, intermetallic compounds such as Laves phases will form within the grains. In such case, secondary
induced precipitation hardening will increase and the strength difference between the inside of the grains and the grain
boundaries will be large. Consequently, the stress relaxation cracking resistance will decrease.
[0105] Therefore, the content of W is 0 to 1.00%, and when contained, the content of W is 1.00% or less.
[0106] A preferable lower limit of the content of W is more than 0%, more preferably is 0.01%, further preferably is 0.03%,
further preferably is 0.05%, and further preferably is 0.10%.
[0107] A preferable upper limit of the content of W is 0.90%, more preferably is 0.80%, further preferably is 0.70%, further
preferably is 0.60%, further preferably is 0.50%, further preferably is 0.40%, further preferably is 0.35%, and further
preferably is 0.30%.

[(Second group) Regarding B]

[0108] The austenitic stainless alloy material of the present embodiment may further contain B.

B: 0 to 0.010%

[0109] Boron (B) is an optional element, and does not have to be contained. That is, the content of B may be 0%.
[0110] When B is contained, that is, when the content of B is more than 0%, B segregates to grain boundaries in a high-
temperature environment and thereby increases the grain boundary strength. Consequently, the stress relaxation
cracking resistance of the alloy material increases. If even a small amount of B is contained, the aforementioned
advantageous effect will be obtained to a certain extent.
[0111] However, if the content of B is more than 0.010%, even if the contents of other elements are within the range of the
present embodiment, B will promote the formation of Cr carbides at grain boundaries. In such case, the stress relaxation
cracking resistance of the alloy material will decrease.
[0112] Therefore, the content of B is 0 to 0.010%, and when contained, the content of B is 0.010% or less.
[0113] A preferable lower limit of the content of B is more than 0%, more preferably is 0.001%, and further preferably is
0.002%).
[0114] A preferable upper limit of the content of B is 0.009%, more preferably is 0.008%, further preferably is 0.007%,
and further preferably is 0.006%.

[(Third group) Regarding Ca]

[0115] The austenitic stainless alloy material of the present embodiment may further contain Ca.
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Ca: 0 to 0.0100%

[0116] Calcium (ca) is an optional element, and does not have to be contained. That is, the content of Ca may be 0%.
[0117] When Ca is contained, that is, when the content of Ca is more than 0%, Ca immobilizes O (oxygen) and S (sulfur)
as inclusions, and thereby increases the hot workability of the alloy material. If even a small amount of Ca is contained, the
aforementioned advantageous effect will be obtained to a certain extent.
[0118] However, if the content of Ca is more than 0.0100%, even if the contents of other elements are within the range of
the present embodiment, the cleanliness of the alloy material will decrease, and the hot workability of the alloy material will
decrease.
[0119] Therefore, the content of Ca is 0 to 0.0100%, and when contained, the content of Ca is 0.0100% or less.
[0120] A preferable lower limit of the content of Ca is more than 0%, more preferably is 0.0001%, further preferably is
0.0003%, further preferably is 0.0005%, further preferably is 0.0008%, and further preferably is 0.0010%.
[0121] A preferable upper limit of the content of Ca is 0.0090%, more preferably is 0.0080%, further preferably is
0.0070%, further preferably is 0.0060%, further preferably is 0.0050%, and further preferably is 0.0045%.

[(Feature 2) Regarding number density ND of fine precipitates]

[0122] In the austenitic stainless alloy material of the present embodiment, in addition, a number density ND of
precipitates having an equivalent circular diameter of 0.5 to 2.0 µm is 5000 pieces/mm2 or more.
[0123] As described above, in the conventional austenitic stainless alloy materials, precipitates in the alloy material are
reduced as much as possible by carrying out a solution treatment. However, in the austenitic stainless alloy material of the
present embodiment, both excellent creep strength and excellent stress relaxation cracking resistance are obtained by
purposely causing precipitates of a specific size to be present in the alloy material.
[0124] Here, precipitates having an equivalent circular diameter of 0.5 to 2.0 µm are defined as "fine precipitates". The
fine precipitates keep the grains of the austenitic stainless alloy material fine by a pinning effect. By this means, the grain
boundary area in the austenitic stainless alloy material increases, and the stress relaxation cracking resistance is
increased. In addition, fine precipitates having an equivalent circular diameter of 0.5 to 2.0 µm exhibit a precipitation
strengthening ability during use under a high-temperature environment, and thereby increase the creep strength of the
austenitic stainless alloy material.
[0125] In an austenitic stainless alloy material that satisfies Feature 1, if the number density ND of fine precipitates is
5000 pieces/mm2 or more, excellent creep strength and excellent stress relaxation cracking resistance can both be
achieved.
[0126] A preferable lower limit of the number density ND of fine precipitates is 5200 pieces/mm2, more preferably is 5500
pieces/mm2, further preferably is 6000 pieces/mm2, and further preferably is 6200 pieces/mm2.
[0127] The upper limit of the number density ND of fine precipitates is not particularly limited. When the austenitic
stainless alloy material satisfies Feature 1, the upper limit of the number density ND of fine precipitates is, for example,
20000 pieces/mm2, or for example is 18000 pieces/mm2, or for example is 15000 pieces/mm2

[0128] [Method for measuring number density ND of fine precipitates
[0129] The number density ND of fine precipitates can be determined by the following method.
[0130] First, a test specimen is taken from the austenitic stainless alloy material. If the austenitic stainless alloy material
is an alloy pipe, a test specimen that includes a central portion of the wall thickness is taken. Among the surfaces of the test
specimen, a surface that is a cross section perpendicular to the axial direction of the alloy pipe and that includes the central
portion of the wall thickness is to be set as the observation surface, and the central portion of the wall thickness is to be set
as the observation visual field.
[0131] If the austenitic stainless alloy material is an alloy plate, a test specimen including a center portion of the thickness
is taken. Among the surfaces of the test specimen, a surface that is a cross section perpendicular to the rolling direction of
the alloy plate and that includes the center portion of the thickness is to be set as the observation surface, and the center
portion of the thickness is to be set as the observation visual field.
[0132] If the austenitic stainless alloy material is a bar, a test specimen that includes an R/2 portion is taken. Here, "R"
means the radius of a cross section perpendicular to the axial direction of the bar. The term "R/2 portion" means the center
portion of the radius in the aforementioned cross section. Among the surfaces of the test specimen, a surface that is a cross
section perpendicular to the longitudinal direction of the bar and that includes the R/2 portion is to be set as the observation
surface, and the R/2 portion is to be set as the observation visual field.
[0133] The observation surface is mirror-polished, and thereafter a photograph of the microstructure in the observation
visual field on the observation surface after mirror polishing is obtained at a magnification of x 500 using an optical
microscope. The area of the observation visual field is to be set to 140 µm × 160 µm.
[0134] The microstructure photograph obtained by the optical microscope observation is used to determine the
equivalent circular diameter of particles in the observation visual field. Here, the term "equivalent circular diameter" means
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the diameter of a circle having the same area as the area of the particle. The equivalent circular diameter can be obtained
by well-known image processing. Particles observed during the visual field observation can be easily identified by means
of contrast. Particles having an equivalent circular diameter of 0.5 to 2.0 µm are recognized as precipitates (fine
precipitates). The number density (pieces/mm2) of fine precipitates is determined based on the number of all the fine
precipitates in the observation visual field and the area of the observation visual field. Note that, the fine precipitates are, for
example, any one or more kinds among Ti precipitates containing Ti, Nb precipitates containing Nb, and V precipitates
containing V.

[Advantageous effect of austenitic stainless alloy material]

[0135] The austenitic stainless alloy material of the present embodiment satisfies Feature 1 and Feature 2. As a result,
the austenitic stainless alloy material of the present embodiment can achieve both excellent creep strength and excellent
stress relaxation cracking resistance.

[Microstructure of austenitic stainless alloy material]

[0136] The microstructure of the alloy material of the present embodiment consists of austenite.

[Shape of austenitic stainless alloy material]

[0137] The shape of the austenitic stainless alloy material of the present embodiment is not particularly limited. The
austenitic stainless alloy material may be an alloy pipe, or may be an alloy plate. The austenitic stainless alloy material may
also be a bar. Preferably, the austenitic stainless alloy material of the present embodiment is an alloy pipe.

[Method for producing austenitic stainless alloy material]

[0138] A method for producing the austenitic stainless alloy material of the present embodiment will now be described.
[0139] The production method described hereunder is one example of a method for producing the austenitic stainless
alloy material of the present embodiment. Accordingly, the austenitic stainless alloy material of the present embodiment
may also be produced by a production method other than the method described hereunder. However, the production
method described hereunder is a preferable example of amethod for producing the austenitic stainless alloy material of the
present embodiment.
[0140] A method for producing the alloy material of the present embodiment includes the following processes.

(Process 1) Preparation process
(Process 2) Hot working process
(Process 3) High-temperature holding process
(Process 4) Cold working process
(Process 5) Precipitation heat treatment process

[0141] In the above production process, when a holding temperature in the high-temperature holding process is defined
as T1 (°C), a holding time at the holding temperature T1 is defined as t1 (mins), a heat treatment temperature in the
precipitation heat treatment process is defined as T2 (°C), and a holding time at the heat treatment temperature T2 is
defined as t2 (mins), the following Formula (A) to Formula (C) are satisfied:

where, the content in percent by mass of the corresponding element is substituted for each symbol of an element in
Formula (A) and Formula (C).
[0142] Hereunder, each process is described.
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[(Process 1) Preparation process]

[0143] In the preparation process, a starting material having a chemical composition satisfying the above Feature 1 is
prepared. The starting material may be supplied by a third party or may be produced. The starting material may be an ingot,
or may be a slab, a bloom, or a billet.
[0144] In the case of producing the starting material, the starting material is produced by the following method. A molten
alloy having a chemical composition satisfying the above Feature 1 is produced. The produced molten alloy is used to
produce an ingot by an ingot-making process. The produced molten alloy may also be used to produce a slab, a bloom, or a
billet by a continuous casting process. Hot working may be performed on the produced ingot, slab, or bloom to produce a
billet. For example, hot forging may be performed on the ingot to produce a cylindrical billet, and the billet may be used as
the starting material. In such case, although not particularly limited, the temperature of the starting material immediately
before the start of the hot forging is, for example, 1100 to 1300°C. The method for cooling the starting material after hot
forging is not particularly limited.

[(Process 2) Hot working process]

[0145] In the hot working process, hot working is performed on the starting material prepared in the preparation process
to thereby produce an intermediate alloy material. The intermediate alloy material, for example, may be an alloy pipe, may
be an alloy plate, or may be an alloy bar.
[0146] If the intermediate alloy material is an alloy pipe, the following working is performed in the hot working process.
First, a cylindrical starting material is prepared. A through-hole is formed along the central axis in the cylindrical starting
material by machining. The cylindrical starting material in which the through-hole has been formed is heated. The heated
cylindrical starting material is then subjected to a hot-extrusion process, which is typified by the Ugine-Sejournet process,
to produce the intermediate alloy material (alloy pipe). A hot hollow forging process may be performed instead of the hot
extrusion process. Although not particularly limited, the heating temperature is, for example, 1100 to 1300°C.
[0147] Further, instead of hot extrusion, an alloy pipe may be produced by performing piercing-rolling according to the
Mannesmann process. In such case, the cylindrical starting material is heated. Although not particularly limited, the
heating temperature is, for example, 1100 to 1300°C. The heated cylindrical starting material is subjected to piercing-
rolling using a piercing machine to produce a hollow blank. The hollow blank is further subjected to elongating or diameter
adjusting rolling with a mandrel mill, a stretch reducer, a sizing mill or the like to produce the intermediate alloy material
(alloy pipe).
[0148] If the intermediate alloy material is an alloy plate, for example, one or a plurality of rolling mills equipped with a pair
of work, rolls is used in the hot working process. In this case, the starting material such as a slab is heated. Although not
particularly limited, the heating temperature is, for example, 1100 to 1300°C. The heated starting material is subjected to
hot rolling using the one or plurality of rolling mills to produce the intermediate alloy material (alloy plate).
[0149] If the intermediate alloy material is an alloy bar, for example, the hot working process is performed using a
blooming mill and/or a continuous mill in which a plurality of rolling mills are arranged in a row. In this case, the starting
material is heated. Although not particularly limited, the heating temperature is, for example, 1100 to 1300°C. The heated
starting material is subjected to hot rolling using the blooming mill and/or continuous mill to produce the intermediate alloy
material (alloy bar).

[(Process 3) High-temperature holding process]

[0150] In the high-temperature holding process, the intermediate alloy material produced in the hot working process is
held at a high temperature to cause precipitates in the intermediate alloy material to melt sufficiently. A holding temperature
T1 (°C) and a holding time t1 (mins) at the holding temperature T1 in the high-temperature holding process are adjusted
within the following ranges.

Holding temperature T1: 1100 to 1350°C
Holding time t1: 2 to 40 minutes

[0151] In the high-temperature holding process, the intermediate alloy material which has been cooled to normal
temperature in the hot working process may be heated to the holding temperature T1 and held at the holding temperature
T1 for the holding time t1. Alternatively, the intermediate alloy material directly after the hot working process (that is, the
intermediate alloy material which has not been cooled to normal temperature) may be held at the holding temperature T1
for the holding time t1. After the holding time t1 elapses, the intermediate alloy material is rapidly cooled. The rapid cooling
may be water cooling or may be oil cooling.
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[(Process 4) Cold working process

[0152] In the cold working process, cold working is performed on the intermediate alloy material after the intermediate
alloy material has been subjected to a pickling treatment. If the intermediate alloy material is an alloy pipe or an alloy bar,
the cold working is, for example, cold drawing. If the intermediate alloy material is an alloy plate, the cold working is, for
example, cold rolling. Performing the cold working process enables refining of grains by recrystallization to occur in the
precipitation heat treatment process that is the next process. Although not particularly limited, the reduction of area in the
cold working process is, for example, 10 to 90%.

[(Process 5) Precipitation heat treatment process]

[0153] In the precipitation heat treatment process, the intermediate alloy material after the cold working process is
subjected to a heat treatment to form fine precipitates in the intermediate alloy material. A heat treatment temperature T2
(°C) and a holding time t2 (mins) at the heat treatment temperature T2 in the precipitation heat treatment process are
adjusted within the following ranges.

Heat treatment temperature T2: 1000 to 1350°C
Holding time t2: 1 to 30 minutes

[0154] After the holding time t2 elapses, the intermediate alloy material is rapidly cooled. The rapid cooling method may
be water cooling or may be oil cooling.

[Regarding Formula (A) to Formula (C)]

[0155] In the production process described above, furthermore, the holding temperature T1 (°C), the holding time t1
(mins), the heat treatment temperature T2 (°C), and the holding time t2 (mins) in the high-temperature holding process and
the precipitation heat treatment process satisfy Formula (A) to Formula (C):

where, the content in percent by mass of the corresponding element is substituted for each symbol of an element in
Formula (A) and Formula (C).

[Regarding Formula (A)]

[0156] Let F1 be defined as F1 = (1/20)×{(T1‑700)2+t1}/(5Nb+30Ti+5V). F1 is a conditional expression for sufficiently
melting precipitates (Nb precipitates, Ti precipitates, V precipitates and the like) in the intermediate alloy material in the
high-temperature holding process. In the austenitic stainless alloy material of the present embodiment the content of N is
0.10 to 0.35%, which is high. In a case such as this in which the content of N is high, in order to sufficiently melt the Ti
precipitates, a heat quantity corresponding to the content of Ti in the alloy material is required. Similarly, with regard to the
Nb precipitates and the V precipitates, in order to sufficiently melt these precipitates, a heat quantity corresponding to the
content of Nb and the content of V in the alloy material is required.
[0157] In F1, the content of Nb, the content of Ti, and the content of V are placed in the denominator. That is, F1 is
adjusted according to the content of Nb, the content of Ti, and the content of V in the alloy material. As described above, the
content of N is high in the austenitic stainless alloy material of the present embodiment. Therefore, among Nb precipitates,
Ti precipitates, and V precipitates, Ti that strongly bonds with N is the most difficult to melt. Therefore, the coefficient of Ti in
F1 is large.
[0158] If F1 is 4100 or more, in the high-temperature holding process, a sufficient heat quantity for melting Nb
precipitates, Ti precipitates, and V precipitates in the intermediate alloy material will be imparted to the intermediate
alloy material. Therefore, the precipitates that are present in the intermediate alloy material can be sufficiently melted.
[0159] A preferable lower limit of F1 is 4200, and more preferably is 4300.

13

EP 4 538 406 A1

5

10

15

20

25

30

35

40

45

50

55



[Regarding Formula (B)]

[0160] In the production process described above, after the precipitates in the intermediate alloy material have been
mostly melted in the high-temperature holding process, fine precipitates are formed in the intermediate alloy material in the
precipitation heat treatment process. If the heat treatment temperature T2 is higher than the holding temperature T1, fine
precipitates will not sufficiently form in the intermediate alloy material in the precipitation heat treatment process.
Therefore, the holding temperature T1 is to be set to a temperature that is equal to or higher than the heat treatment
temperature T2.

[Regarding Formula (C)]

[0161] In the precipitation heat treatment process, fine precipitates having an equivalent circular diameter of 0.5 to 2.0
µm are formed in the intermediate alloy material in which precipitates were sufficiently melted by the high-temperature
holding process. In order to make the number density ND of fine precipitates 5000 pieces/mm2 or more, it is necessary to
impart a heat quantity that corresponds to the content of Nb, the content of Ti, and the content of V in the intermediate alloy
material to the intermediate alloy material.
[0162] Let F2 be defined as F2 = (T2+t2)×(Nb+50Ti+20V). F2 is a conditional expression for making the number density
ND of fine precipitates 5000 picces/mm2 or more. If F2 is 1000 or more, on the precondition that Formula (A) and Formula
(B) are satisfied, the number density of fine precipitates will be 5000 pieces/mm2 or more.
[0163] A preferable lower limit of F2 is 1020, more preferably is 1100, and further preferably is 1200.
[0164] An austenitic stainless alloy material that satisfies Feature 1 and Feature 2 can be produced by the production
process described above. Note that, a method for producing the austenitic stainless alloy material of the present
embodiment is not limited to the production method described above. As long as an austenitic stainless alloy material
that satisfies Feature 1 and Feature 2 can be produced, the austenitic stainless alloy material may also be produced by
another production method.

EXAMPLES

[0165] The advantageous effects of the austenitic stainless alloy material of the present embodiment will now be
described more specifically by way of examples. The conditions adopted in the following examples are one example of
conditions adopted for confirming the feasibility and advantageous effects of the austenitic stainless alloy material of the
present embodiment. Accordingly, the austenitic stainless alloy material of the present embodiment is not limited to this
one example of conditions.

[Production of alloy material]

[0166] Ingots having the chemical compositions shown in Table 1‑1 and Table 1‑2 were produced.

[Table 1‑1]

[0167]

TABLE 1‑1

Number
Chemical Composition (unit is mass%; balance is Fe and impurities)

C Si Mn P S Ni Cr Co

1 0.07 0.53 1.03 0.01 0.001 21.1 25.4 0.21

2 0.09 0.81 1.71 0.01 0.001 20.5 28.4 0.15

3 0.05 0.21 0.81 0.01 0.001 22.1 24.9 0.22

4 0.06 1.04 1.20 0.01 0.001 24.5 23.4 0.13

5 0.06 0.78 0.87 0.01 0.001 21.5 25.3 0.08

6 0.04 0.58 1.43 0.02 0.002 18.9 25.1 0.09

7 0.06 0.41 1.22 0.02 0.001 19.8 25.0 0.35

8 0.11 1.03 0.59 0.01 0.001 22.9 27.9 0.18
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(continued)

Number
Chemical Composition (unit is mass%; balance is Fe and impurities)

C Si Mn P S Ni Cr Co

9 0.08 0.08 0.11 0.01 0.002 23.2 28.8 0.71

10 0.09 1.81 2.31 0.01 0.001 18.3 26.0 0.11

11 0.07 0.67 2.70 0.01 0.001 21.5 26.1 0.09

12 0.07 0.77 1.33 0.01 0.006 21.7 25.8 0.11

13 0.05 0.58 1.48 0.02 0.002 24.3 25.0 0.09

14 0.10 0.63 1.08 0.02 0.001 19.6 26.4 0.21

15 0.06 1.04 1.20 0.01 0.001 24.5 23.4 0.13

16 0.04 0.26 1.94 0.01 0.002 21.8 24.3 0.08

17 0.05 1.20 0.89 0.02 0.001 23.6 22.5 0.46

18 0.05 1.20 0.89 0.02 0.001 23.6 22.5 0.46

19 0.04 1.15 0.91 0.01 0.002 23.7 22.4 0.44

[Table 1‑2]

[0168]

TABLE1‑2

Number
Chemical Composition (unit is mass%; balance is Fe and impurities)

Ti Nb V sol.Al N Mo W B Ca

1 0.007 0.5 0.03 0.012 0.24 - - - -

2 0.005 0.7 0.02 0.010 0.19 - - - -

3 0.003 0.6 0.02 0.010 0.21 0.21 - - -

4 0.004 0.4 0.11 0.009 0.18 - 0.17 - -

5 0.005 0.5 0.08 0.015 0.28 - - 0.005 -

6 0.003 0.3 0.03 0.010 0.22 - - - 0.0025

7 0.006 0.4 0.02 0.015 0.25 0.05 0.01 0.002 0.0010

8 0.008 0.6 0.05 0.011 0.29 0.13 0.32 0.005 0.0020

9 0.008 0.6 0.06 0.003 0.12 0.79 - - 0.0067

10 0.002 0.2 0.61 0.026 0.32 - 0.88 - -

11 0.003 0.8 0.02 0.011 0.23 - - - -

12 0.002 0.1 0.70 0.011 0.21 - - - -

13 0.010 0.4 0.32 0.010 0.22 - - - -

14 0.004 0.7 0.11 0.013 0.24 0.11 0.14 0.002 0.0030

15 0.004 0.4 0.11 0.009 0.30 - - - -

16 0.007 0.4 0.05 0.021 0.18 0.26 0.41 0.003 0.0020

17 0.006 0.3 0.21 0.009 0.31 0.21 0.08 0.006 0.0040

18 0.003 0.1 0.02 0.009 0.31 - - - -

19 0.002 0.2 0.03 0.008 0.30 - - - -

[0169] Each of the produced ingots was subjected to hot forging to produce a cylindrical starting material having a
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diameter of 180 mm. The heating temperature of the ingots in the hot forging was 1100 to 1300°C. The produced cylindrical
starting material was subjected to a hot working process. Specifically, the starting material was heated in a reheating
furnace. The heating temperature in the hot working process was 1100 to 1300°C. After being heated, the cylindrical
starting material was subjected to a hot-extrusion process to produce a hollow shell.
[0170] The produced hollow shell was subjected to a high-temperature holding process. The holding temperature T1
(°C) and holding time t1 (mins) in the high-temperature holding process were as shown in Table 2.

[Table 2]
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[0172] Cold working was performed on the hollow shell after the high-temperature holding process. Specifically, the
hollow shell was subjected to cold drawing. Note that, the reduction of area in the cold working was 20 to 70%.
[0173] A precipitation heat treatment process was performed on the hollow shell after the coldworking process. The heat
treatment temperature T2 (°C) and the holding time t2 (mins) at the heat treatment temperature T2 in the precipitation heat
treatment process were as shown in Table 2. Note that, the F1 value is shown in the column "F1" in Table 2. In the column
"T1≥T2?", "T (True)" indicates that the holding temperature T1 was equal to or higher than the heat treatment temperature
T2, and "F (False)" indicates that the holding temperature T1 was less than the heat treatment temperature T2. The F2
value is shown in the column "F2".
[0174] Austenitic stainless alloy materials (alloy pipes) were produced by the above production process.

[Evaluation tests]

[0175] The following evaluation tests were carried out using the produced alloy materials.

(Test 1) Test to measure number density ND of fine precipitates (Test 2) Creep strength evaluation test
(Test 3) Stress relaxation cracking resistance evaluation test Hereunder, each evaluation test is described.

[(Test 1) Test to measure number density ND of fine precipitates]

[0176] The number density (pieces/mm2) of fine precipitates in the austenitic stainless alloy material of each test number
was measured by the method described above in the section [Method for measuring number density ND of fine
precipitates]. The obtained number density ND of fine precipitates is shown in the column "Number Density ND
(pieces/mm2)" in Table 2.

[(Test 2) Creep strength evaluation test]

[0177] The following creep strength evaluation test was performed on the alloy material (alloy pipe) of each test number.
[0178] A creep rupture test specimen in accordance with JIS Z2271: 2010 was taken from the central portion of the wall
thickness of the alloy material (alloy pipe) of each test number. The cross section perpendicular to the axial direction of the
parallel portion of the creep rupture test specimen was circular. The parallel portion had an outer diameter of 6 mm, and had
a length of30 mm. The longitudinal direction of the creep rupture test specimenwas parallel to the axial direction of the alloy
pipe.
[0179] A creep rupture test conforming to JIS Z2271: 2010 was carried out using the prepared creep rupture test
specimen. Specifically, the creep rupture test specimen was heated to 700°C. Thereafter, the creep rupture test was
carried out. The test stress was set to 80 MPa. In the test, the creep rupture time (hours) was determined.
[0180] The creep strength was evaluated as follows according to the obtained creep rupture time.

Evaluation E (Excellent): Creep rupture time was 1,500 hours or more
Evaluation B (Bad): Creep rupture time was less than 1,500 hours

[0181] In the case of evaluation E, it was determined that excellent creep strength had been obtained. The evaluation
results are shown in the column "Creep Strength" in Table 2.

[(Test 3) Stress relaxation cracking resistance evaluation test]

[0182] A C-ring type restraint weld cracking test specimen illustrated in FIG. 1 was fabricated from a central portion of the
wall thickness of the alloy material (alloy pipe) of each test number. The C-ring type restraint weld cracking test specimen
was a test specimen having an outer diameter OD of 6 mm, an inner diameter ID of 4 mm, and a length L of 20 mm, and in
which a cross section perpendicular to the pipe axis direction of the test specimen was a ring shape in which one part was
open. As illustrated in FIG. 1, a gap G of 1.5 mm was formed at the opening. A notch portion was formed at a position at 180°
from the opening with respect to the central axis of the test specimen when viewing the C-ring type restraint weld cracking
test specimen in the pipe axis direction. A width NW of the notch portion was set to 0.4 mm, a depth NOD was set to 0.5 mm,
and a radius of curvature R of the bottom portion was set to 0.2 mm.
[0183] As illustrated in FIG. 2, when viewing the C-ring type restraint weld cracking test specimen in the pipe axis
direction, positions at 90° and 270° with respect to the opening were restrained from both sides with an external force P to
thereby cause the two ends of the opening to butt together. The outer peripheral surface side of the portion where the ends
of the opening were butted together was then subjected to autogenous welding by TIG (tungsten inert gas) welding. More
specifically, the entire length in the pipe axis direction of the C-ring type restraint weld cracking test specimen was
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subjected to autogenous welding by TIG welding. Restraint stress was generated in the notch portion by the autogenous
welding. The TIG welding conditions were the same for each of the test numbers.
[0184] The C-ring type restraint weld cracking test specimen that had undergone the autogenous welding was subjected
to a heat treatment in which the C-ring type restraint weld cracking test specimen was held at 650°C for 500 hours. After the
heat treatment, the number of cracks which had occurred in the bottom of the notch of the C-ring type restraint weld
cracking test specimen was counted. Specifically, crack observation test specimens that each included a cross section
perpendicular to the pipe axis direction of the C-ring type restraint weld cracking test specimen which included the notch
bottom of the C-ring type restraint weld cracking test specimen were collected at three locations in the pipe axis direction. A
surface corresponding to the aforementioned cross section of each crack observation test specimen was taken as the
observation surface. The observation surface was mirror polished, and thereafter was etched with a 10% oxalic acid
aqueous solution.After etching,as illustrated in FIG. 3, on the observation surface, the number ofgrains included in a notch
bottom NB having the width NW was counted (in FIG. 3, the number of grains is 29). In addition, on the observation surface,
the number of cracks propagating from the notch bottom NB was counted. The crack occurrence rate was determined
based on the following formula using the total number of grains included in the notch bottoms NB of the three test
specimens and the total number of cracks propagating from the notch bottoms NB of the three test specimens.

Crack occurrence rate = total number of cracks/total number of grains included in notch bottoms NB × 100

[0185] The stress relaxation cracking resistance was evaluated as follows according to the obtained crack occurrence
rate.

Evaluation E: Crack occurrence rate is 30%) or less
Evaluation B: Crack occurrence rate is more than 30%

[0186] In the case of evaluation E, it was determined that excellent stress relaxation cracking resistance was obtained.
The evaluation results are shown in Table 2.

[Test results]

[0187] Referring to Table 1‑1, Table 1‑2, and Table 2, in Test Nos. 1 to 12 the alloy materials satisfied Feature 1 and
Feature 2. Therefore, in a high-temperature environment, sufficient creep strength was obtained. In addition, excellent
stress relaxation cracking resistance was obtained.
[0188] On the other hand, in Test Nos. 13 and 14, F1 was too low and Formula (A) was not satisfied. Therefore, in the
austenitic stainless alloy materials of these test numbers, the number density ND of fine precipitates was less than 5000
pieces/mm2. As a result, sufficient stress relaxation cracking resistance was not obtained.
[0189] In Test Nos. 15 to 17, the holding temperature T1 was lower than the heat treatment temperature T2 and Formula
(B) was not satisfied. Therefore, in the austenitic stainless alloy materials of these test numbers, the number density ND of
fine precipitates was less than 5000 pieces/mm2. As a result, sufficient stress relaxation cracking resistance was not
obtained.
[0190] In Test Nos. 18 and 19, F2 was too low and Formula (C) was not satisfied. Therefore, in the austenitic stainless
alloy materials of these test numbers, the number density ND of fine precipitates was less than 5000 pieces/mm2. As a
result, sufficient creep strength was not obtained. In addition, sufficient stress relaxation cracking resistance was not
obtained.
[0191] An embodiment of the present invention has been described above. However, the embodiment described above
is merely an example for carrying out the present invention. Therefore, the present invention is not limited to the above
embodiment, and can be implemented by appropriately modifying the above embodiment within a range that does not
depart from the gist of the present invention.

Claims

1. An austenitic stainless alloy material consisting of, in mass%,

C: 0.03 to 0.12%,
Si: 0.05 to 2.00%,
Mn: 0.05 to 3.00%,
P: 0.03% or less,
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S: 0.010% or less,
Ni: 18.0 to less than 25.0%,
Cr: 22.0 to less than 30.0%,
Co: 0.04 to 0.80%,
Ti: 0.002 to 0.010%,
Nb: 0.1 to 1.0%,
V: 0.01 to 1.00%,
Al: 0.001 to less than 0.030%,
N: 0.10 to 0.35%,
Mo: 0 to 1.00%,
W: 0 to 1.00%,
B: 0 to 0.010%, and
Ca: 0 to 0.0100%,
with the balance being Fe and impurities,
wherein a number density of precipitates having an equivalent circular diameter of 0.5 to 2.0 µm is 5000
pieces/mm2 or more.

2. The austenitic stainless alloy material according to claim 1, containing one kind of element or more selected from a
group consisting of:

Mo: 0.01 to 1.00%,
W: 0.01 to 1.00%,
B: 0.001 to 0.010%, and
Ca: 0.0001 to 0.0100%.
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