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Description

[0001] The present invention relates to an austenitic heat-resisting steel having an excellent high-temperature
strength, an improved weldability, and a high resistance to grain boundary corrosion and advantageously applicable
to boilers used under severe service conditions.
[0002] In planned thermal electric power generation plants, ultra-supercritical boilers will be used to achieve improved
profitability and to comply with recent regulations regarding carbon dioxide gas exhaust. The conventional heat-resist-
ing austenitic steels such as JIS SUS347H have too poor a creep rupture strength to be used under such severe
conditions. New heat-resisting austenitic steels utilizing a precipitation strengthening by carbonitrides of Nb, Ti, etc. or
a solid solution strengthening by Mo, etc. have been developed, as described in "Tetsu-to-Hagane (Iron and Steel)",
vol. 70, page S1409 or "Thermal and Nuclear Electric Power Generation", vol. 38, page 75.
[0003] However, these new heat-resisting steels contain large amounts of alloying elements and are not more weld-
able than JIS SUS310S which has relatively poor weldability for a conventional austenitic heat-resisting steel, and
therefore, the welding workability must be improved.
[0004] It is well known that purification of steels, including reduction in the P and S contents, and also reduction in
the C content, is one of the most effective measures to improve weldability. However, many heat-resisting steels are
strengthened by carbonitrides as mentioned above, and reduction in the C content would also reduce the high-tem-
perature strength of the steels.
[0005] An object of the present invention is to provide an austenitic heat-resisting steel having a good weldability
and high-temperature strength.
[0006] Regarding the steel compositions in which the C content is reduced to improve weldability, various experiments
were conducted to compensate for a reduction in the high-temperature strength due to the reduced C content by adding
other alloying elements, and it was finally found that a combined addition of W, Nb, V and N in an specified range will
provide a synergistic effect to ensure high-strength at elevated temperatures. The steel also has a resistance to high-
temperature corrosion comparable with those of conventional steels.
[0007] According to the present invention, there is provided a high-strength austenitic heat-resisting steel, having
improved weldability, consisting of:

C: less than 0.05 wt%,
Si: not more than 5 wt%,
Mn: less than 2 wt%,
P: not more than 0.03 wt%,
S: not more than 0.005 wt%,
Cr: 15 to 20 wt%,
Ni: 6 to 15 wt%,
W: 1.5 to 10 wt%,
Nb: more than 0.1 up to 0.5 wt%,
V: 0.05 to 1.5 wt%,
N: more than 0.15 up to 0.4 wt%, and

the balance consisting of Fe and unavoidable impurities.
[0008] According to the present invention, there is also provided a high-strength austenitic heat-resisting steel, having
improved weldability, consisting of:

C: less than 0.05 wt%,
Si: not more than 5 wt%,
Mn: less than 2 wt%,
P: not more than 0.03 wt%,
S: not more than 0.005 wt%,
Cr: 15 to 20 wt%,
Ni: 6 to 15 wt%,
W: 1.5 to 10 wt%,
Mo: not more than 2.0 wt% and within the range defined by Mo + W % 10 wt%,
Nb: more than 0.1 up to 0.5 wt%,
V: 0.05 to 1.5 wt%,
N: more than 0.15 up to 0.4 wt%, and

the balance consisting of Fe and unavoidable impurities.
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[0009] The amounts of the alloying elements are limited as specified above for the following reasons. For simplicity,
"%" means "wt%" in the following discussion.
[0010] C: The C amount must be reduced to as little as possible to prevent high-temperature cracking during welding
or reduction in elongation. To ensure good weldability, the upper limit of the C content was determined based on the
following experimental results.
[0011] Figure 1 shows a Varestraint test result indicating the weldability for steels (plots "♦") containing main com-
ponents in amounts falling within the specified range of the present invention (Cr: 18%, Ni: 13%, W: 4%) except that
the C content was varied, and a reference steel of JIS SUS310STB (plots "h", corresponding to Comparative Steel Q
in Examples to follow). It can be seen from Fig. 1 that the weldability is better than that of JIS SUS310STB when the
C content is less than 0.05%. The upper limit of the C content was thus determined to be less than 0.05%.
[0012] Si: Si is not only effective as a deoxidizer but also improves the oxidation resistance and the resistance to
high-temperature corrosion. However, Si, when present in an excessive amount, reduces the creep rupture strength,
the toughness and the weldability, and therefore, the Si content is limited to not more than 5%.
[0013] Mn: Mn is a deoxidizer and improves the weldability and the hot workability. However, Mn, when present in
an excessive amount, causes degradation of the oxidation resistance, and therefore, the Mn content is limited to less
than 2%.
[0014] Cr: Cr is essential for the oxidation resistance, resistance to steam oxidation, and resistance to high-temper-
ature corrosion. To ensure properties comparable with or better than those of the conventional austenitic stainless
steels, Cr must be present in an amount of not less than 15%. However, Cr, when present in an excessive amount,
causes an increase in the Ni amount necessary to stabilize austenite and is not economical, and therefore, the Cr
content is limited to not more than 20%.
[0015] Ni: Ni is essential for improving the stability of austenite and suppressing the formation of the δ phase. In the
steel according to the present invention, Ni must be present in an amount of 6% or more to stabilize austenite with
respect to Cr and other ferrite formers present in the specified amounts. On the other hand, the use of Ni in a large
amount is not economical, and therefore, the Ni content is limited to not more than 15%.
[0016] Mo, W: Mo and W improve the high-temperature strength by solid solution strengthening or precipitation of
the Laves phase and the effect is generally described as a function of the (Mo + W)% as shown in Fig. 2. It can be
seen from Fig. 2 that, when the total amount of Mo and W is 2% or more, the creep rupture strength is sharply improved
and the improvement is not substantially increased if the total amount of Mo and W is more than 10%.
[0017] When the W amount or the total amount of Mo and W is 1.5 to 2.0%, the creep rupture strength substantially
varies with the amounts of C and Nb. When the amounts of C and Nb are 0.025% or more and 0.25% or more, respec-
tively, an improved creep rupture strength is obtained through a synergistic or combined effect of the W or W + Mo
amount and the C + Nb amount. However, the synergistic effect is not obtained when the W or W + Mo amount is less
than 1.5%.
[0018] Mo and W, when present in a total amount of more than 10%, also cause a problem in that the Laves phase
and other intermetallic compounds coarsen and reduce the creep rupture strength.
[0019] Moreover, when Mo is added alone or not combined with W, the resistance to high-temperature corrosion is
reduced with increase of the Mo amount as shown in Fig. 3. On the other hand, W, even when added alone or not
combined with Mo, does not cause reduction in the resistance to high-temperature corrosion, and when combined with
Mo, improves the resistance to high-temperature corrosion in comparison with that achieved when Mo alone is added.
Therefore, W must be present in an amount of 1.5 to 10%. Mo may be present in combination with W but the Mo content
must not be more than 2.0% because the resistance to high-temperature corrosion is sharply reduced when the Mo
content is more than 2.0%, even when combined with W.
[0020] Nb: Nb sharply improves the long duration creep rupture strength by the formation of fine carbonitrides. To
achieve this effect, the Nb content must be 0.1% or more as can be seen from Fig. 4. The effect becomes more
significant as the Nb amount is increased within a range in which Nb is completely dissolvable in a solid solution state.
However, when the Nb amount is more than this range, undissolved carbides and nitrides are retained to reduce the
creep rupture strength. Therefore, the Nb amount must not be more than 0.5%.
[0021] V: V forms fine nitrides and improves the long duration creep rupture strength. As shown in Fig. 5, this effect
is obtained when the V amount is 0.05% or more and the improvement is reduced when the V amount is more than
1.5%. Therefore, the V amount is 0.05 to 1.5%.
[0022] P: P forms phosphides and improves the long duration creep rupture strength as shown in Fig. 6. However,
P, when present in an excessive amount, sharply reduces not only the weldability but also the hot workability, and
therefore, the P must not be present in an amount of more than 0.03%.
[0023] S: S segregates at crystal grain boundaries and reduces the hot workability and also facilitates the grain
boundary embrittlement under the creep condition, and therefore, the S content is limited to not more than 0.005%.
[0024] N: N sharply improves the creep rupture strength by solid solution strengthening and the formation of nitrides.
To compensate for the strength reduction because of the reduced C content for ensuring an improved weldability, N
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must be present in an amount of more than 0.15%. However, when N is present in an amount of more than 0.4%, the
improvement in the long time creep rupture strength is not substantially increased but the toughness is reduced. There-
fore, the N content is more than 0.15% and up to 0.4%.

Figure 1 is a graph showing a Varestraint test result for steels containing elements other than C in amounts within
the specified range of the present invention, in comparison with the result for a JIS SUS310STB steel;
Fig. 2 is a graph showing the creep rupture strength as a function of the W + Mo content;
Fig. 3 is a graph showing the resistance to high-temperature corrosion as a function of the amounts of W and Mo;
Fig. 4 is a graph showing the creep rupture strength as a function of the Nb content;
Fig. 5 is a graph showing the creep rupture strength as a function of the V content; and
Fig. 6 is a graph showing the creep rupture strength as a function of the P content.

[0025] The present invention will be described in detail by way of the following examples.

EXAMPLES

[0026] Tables 1-1 and 2-1 summarize the chemical compositions and the properties of the steels tested. After being
subjected to a solid solution heat treatment at 1250°C, the steels were subjected to a Varestraint test, a creep rupture
test at 700, 750 and 800°C, and a high-temperature corrosion test at 650°C. The Varestraint test was carried out using
the GTAW welding method, under the conditions of a test piece thickness of 4 mm, a welding voltage of 10V, a welding
current of 80A, a welding speed of 80 mm/min, and an applied strain of 4%. The creep rupture data were standardized
by the Larson-Miller method to estimate the creep rupture strength at 650°C for 100,000 hours. The high-temperature
corrosion strength was carried out in a simulated combustion ash having the composition of K2SO4:Na2SO4:Fe2(SO4)3
= 0.28:0.2:0.5 (by weight), in which the steels were held at 650°C for 200 hours and the corrosion weight loss was
determined. The test results are summarized in Tables 1-2 and 2-2.
[0027] The steels A to Q in Tables 1-1 and 1-2 are the present inventive steels and the steels R to AI in Tables 2-1
and 2-2 are comparative steels. In the comparative steels, Steels R and S correspond to JIS SUS347H and JIS
SUS310S, respectively, which are commonly used in the conventional art. The present inventive steels A to Q have a
remarkably improved high-temperature strength and resistance to high-temperature corrosion in comparison with the
comparative steel R or JIS SUS347H and an improved weldability in comparison with the comparative steel S or JIS
SUS310S. The comparative steels S to V have a poor weldability and exhibit a large total crack length in the Varestraint
test. The comparative steels X to Z contain W in amounts less than the present inventive range and the comparative
steels AE, AF, AG contain Nb, V and N in amounts less than the present inventive ranges, respectively, so that all
these comparative steels X to AG have a poor high-temperature strength. The comparative steels AA to AD contain
Mo in an amount more than the present inventive range and have an improved high-temperature strength but have a
poor resistance to high-temperature corrosion.
[0028] The inventive steel P and the comparative steels W and AH demonstrate the synergistic effect of the combined
addition of W with C and Nb, in which the inventive steel P contains more than 0.025% C and more than 0.25% Nb
and has an improved high-temperature strength even though the W content is near the lower limit of the specified
range, whereas the comparative steel W contains less than 0.025% C and less than 0.25% Nb and has a poor high-
temperature strength and the comparative steel AH contains W in an amount less than the lower limit of the specified
range and has a poor high-temperature strength although C and Nb are present in amounts more than 0.025% and
0.25%, respectively.
[0029] The comparative steel AI contains an excessive amount of P and has an improved high-temperature strength
but has a poor weldability.
[0030] As herein described above, the present invention provides a high-strength austenitic heat-resisting steel,
having an improved weldability, which is inexpensive and commercially applicable.



EP 0 780 483 B1

5

10

15

20

25

30

35

40

45

50

55

5



EP 0 780 483 B1

5

10

15

20

25

30

35

40

45

50

55

6



EP 0 780 483 B1

5

10

15

20

25

30

35

40

45

50

55

7



EP 0 780 483 B1

5

10

15

20

25

30

35

40

45

50

55

8



EP 0 780 483 B1

5

10

15

20

25

30

35

40

45

50

55

9

Claims

1. A high-strength austenitic heat-resisting steel having improved weldability, consisting of:

C: less than 0.05 wt%,
Si: not more than 5 wt%,
Mn: less than 2 wt%,
P: not more than 0.03 wt%,
S: not more than 0.005 wt%,
Cr: 15 to 20 wt%,
Ni: 6 to 15 wt%,
W: 1.5 to 10 wt%,
Nb: more than 0.1 up to 0.5 wt%,
V: 0.05 to 1.5 wt%,
N: more than 0.15 up to 0.4 wt%, and

the balance consisting of Fe and unavoidable impurities.

2. A high-strength austenitic heat-resisting steel having improved weldability, consisting of:

C: less than 0.05 wt%,
Si: not more than 5 wt%,
Mn: less than 2 wt%,
P: not more than 0.03 wt%,
S: not more than 0.005 wt%,
Cr: 15 to 20 wt%,
Ni: 6 to 15 wt%,
W: 1.5 to 10 wt%,
Mo: not more than 2.0 wt% and within the range defined by Mo + W % 10 wt%,
Nb: more than 0.1 up to 0.5 wt%,
V: 0.05 to 1.5 wt%,
N: more than 0.15 up to 0.4 wt%, and

the balance consisting of Fe and unavoidable impurities.

Patentansprüche

1. Hochfester austenitischer wärmebeständiger Stahl mit verbesserter Schweißbarkeit, bestehend aus:

C: weniger als 0,05 Gew.-%,
Si: nicht mehr als 5 Gew.-%,
Mn: weniger als 2 Gew.-%,
P: nicht mehr als 0,03 Gew.-%,
S: nicht mehr als 0,005 Gew.-%,
Cr: 15 bis 20 Gew.-%,
Ni: 6 bis 15 Gew.-%,
W: 1,5 bis 10 Gew.-%,
Nb: mehr als 0,1 bis zu 0,5 Gew.-%,
V: 0,05 bis 1,5 Gew.-%,
N: mehr als 0,15 bis zu 0,4 Gew.-%, wobei der Rest aus Fe und unvermeidlichen Verunreinigungen besteht.

2. Hochfester austenitischer wärmebeständiger Stahl mit verbesserter Schweißbarkeit, bestehend aus:

C: weniger als 0,05 Gew.-%,
Si: nicht mehr als 5 Gew.-%,
Mn: weniger als 2 Gew.-%,
P: nicht mehr als 0,03 Gew.-%,
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S: nicht mehr als 0,005 Gew.-%,
Cr: 15 bis 20 Gew.-%,
Ni: 6 bis 15 Gew.-%,
W: 1,5 bis 10 Gew.-%,
Mo: nicht mehr als 2,0 Gew.-% und innerhalb des durch Mo + W ≤ 10 Gew.-% definierten Bereichs,
Nb: mehr als 0,1 bis zu 0,5 Gew.-%,
V: 0,05 bis 1,5 Gew.-%,
N: mehr als 0,15 bis zu 0,4 Gew.-%, wobei der Rest aus Fe und unvermeidlichen Verunreinigungen besteht.

Revendications

1. Acier thermorésistant austénitique de résistance élevée ayant une soudabilité améliorée, constitué de :

C : moins de 0,05% en poids,
Si : pas plus de 5% en poids,
Mn : moins de 2% en poids,
P : pas plus de 0,03% en poids,
S : pas plus de 0,005% en poids,
Cr: 15 à 20% en poids,
Ni : 6 à 15% en poids,
W : 1,5 à 10% en poids,
Nb : plus de 0,1 jusqu'à 0,5% en poids,
V : 0,05 à 1,5% en poids,
N : plus de 0,15 jusqu'à 0,4% en poids, et

le reste étant constitué de Fe et d'impuretés inévitables.

2. Acier thermorésistant austénitique de résistance élevée ayant une soudabilité améliorée, constitué de :

C : moins de 0,05% en poids,
Si : pas plus de 5% en poids,
Mn : moins de 2% en poids,
P : pas plus de 0,03% en poids,
S : pas plus de 0,005% en poids,
Cr : 15 à 20% en poids,
Ni : 6 à 15% en poids,
W: 1,5 à 10% en poids,
Mo : pas plus de 2,0% en poids et dans la plage définie par Mo + W ≤10% en poids,
Nb : plus de 0,1 jusqu'à 0,5% en poids,
V : 0,05 à 1,5% en poids,
N : plus de 0,15 jusqu'à 0,4% en poids, et

le reste étant constitué de Fe et d'impuretés inévitables.
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