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Description

Technical Field

[0001] The present invention relates to a nickel alloy.

Background Art

[0002] Conventionally, nickel alloys have been used
for heat-resistant members of aircraft engines, gas tur-
bines for power generation, and the like, especially for
turbine discs. The heat-resistant members such as the
turbine discs are required to have high-temperature ox-
idation resistance and also be excellent in strength such
as creep strength and fatigue strength.
[0003] To meet this requirement, a nickel alloy with
high-temperature oxidation resistance provided by the
addition of chromium has been proposed. As the nickel
alloy, there has been known a nickel alloy containing,
with respect to the total quantity, Cr in a range of 2 to
25% by mass, Co in a range of 19.5 to 55% by mass, up
to 10% by mass of Mo, up to 10% by mass of W, Ti in a
range of 3 to 15% by mass, Al in a range of 0.2 to 7% by
mass, up to 0.05% by mass of C, up to 0.05% by mass
of B, up to 0.5% by mass of Zr, up to 10% by mass of
Ta, up to 2% by mass of Hf, and up to 5% by mass of Nb
(refer to Patent Literature 1).
[0004] Also, as the above-described nickel alloy, there
has been known a nickel alloy containing, with respect
to the total quantity, Co in a range of 20 to 40% by mass,
Cr in a range of 10 to 15% by mass, Mo in a range of 3
to 6% by mass, W in a range of 0 to 5% by mass, Ti in a
range of 3.4 to 5% by mass, Al in a range of 2.5 to 4%
by mass, C in a range of 0.01 to 0.05% by mass, B in a
range of 0.01 to 0.05% by mass, Zr in a range of 0 to
0.1% by mass, Ta in a range of 1.35 to 2.5% by mass,
Hf in a range of 0.5 to 1% by mass, and Nb in a range of
0 to 2% by mass (refer to Patent Literature 2).
[0005] Further, as the above-described nickel alloy,
there has been known a nickel alloy containing, with re-
spect to the total quantity, Cr in a range of 11 to 15% by
mass, Co in a range of 14 to 23% by mass, Mo in a range
of 2.7 to 5% by mass, W in a range of 0.5 to 3% by mass,
Ti in a range of 3 to 6% by mass, Al in a range of 2 to 5%
by mass, C in a range of 0.015 to 0.1% by mass, B in a
range of 0.015 to 0.045% by mass, Zr in a range of 0.015
to 0.15% by mass, Ta in a range of 0.5 to 4% by mass,
Hf in a range of 0 to 2% by mass, and Nb in a range of
0.25 to 3% by mass (refer to Patent Literature 3).

Citation List

Patent Literature

[0006]

Patent Literature 1: International Publication No.
WO2006/059805

Patent Literature 2: U.S. Patent Application Publica-
tion No. 2009/0087338
Patent Literature 3: European Patent Application
Publication No. 1195446

Summary of Invention

Technical Problem

[0007] Unfortunately, the conventional nickel alloys
are formed with a TCP (Topologically close packed)
phase consisting of Mo, Cr and W, and therefore a suf-
ficient creep strength cannot be attained, or a rupture
sometimes occurs with the TCP phase being a starting
point on account of creep deformation.
[0008] An object of the present invention is to solve
such a problem, and to provide a nickel alloy having an
excellent creep strength as well as high-temperature ox-
idation resistance.

Solution to Problem

[0009] The present inventors earnestly studied the
compositions of the conventional nickel alloys, and re-
sultantly found that by making the composition a further
restricted specific composition, the TCP phase can be
restricted from being formed, and thereby a nickel alloy
that has high-temperature oxidation resistance and also
has an excellent creep strength can be obtained.
[0010] The invention of the nickel alloy was made
based on the above findings, and to achieve the above-
described object, the nickel alloy of the present invention
comprises, with respect to the total quantity, Cr in a range
of 11.5 to 11.9% by mass, Co in a range of 25 to 29% by
mass, Mo in a range of 3.4 to 3.7% by mass, W in a range
of 1.9 to 2.1 % by mass, Ti in a range of 3.9 to 4.4% by
mass, Al in a range of 2.9 to 3.2% by mass, C in a range
of 0.02 to 0.03% by mass, B in a range of 0.01 to 0.03%
by mass, Zr in a range of 0.04 to 0.06% by mass, Ta in
a range of 2.1 to 2.2% by mass, Hf in a range of 0.3 to
0.4% by mass, and Nb in a range of 0.5 to 0.8% by mass,
the balance being Ni and unavoidable impurities, and is
characterized by containing carbides and borides precip-
itating in crystal grains and at grain boundaries.
[0011] For the nickel alloy of the present invention, by
the above-described composition that the nickel alloy
has, an excellent high-temperature oxidation resistance
can be attained. Also, in the nickel alloy of the present
invention, carbides and borides of Mo, Cr, W, Hf, Zr and
Ta precipitate in crystal grains and at grain boundaries.
According to the nickel alloy of the present invention, the
precipitation of the carbides and borides restrains the
TCP phase from being formed, so that an excellent creep
strength can be attained.
[0012] As the nickel alloy of the present invention, a
nickel alloy manufactured, for example, by powder met-
allurgy can be used.
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Brief Description of Drawings

[0013]

Figure 1 is an electron micrograph showing one ex-
ample of microstructure of a nickel alloy in accord-
ance with the present invention;
Figure 2 is a graph showing the high-temperature
oxidation of a nickel alloy in accordance with the
present invention;
Figure 3 is a graph showing the creep strength of a
nickel alloy in accordance with the present invention;
Figure 4 is an electron micrograph showing another
example of microstructure of a nickel alloy in accord-
ance with the present invention;
Figure 5 is an electron micrograph showing still an-
other example of microstructure of a nickel alloy in
accordance with the present invention;
Figure 6 is an electron micrograph showing one ex-
ample of microstructure of a conventional nickel al-
loy;
Figure 7 is an electron micrograph showing another
example of microstructure of a conventional nickel
alloy; and
Figure 8 is an electron micrograph showing still an-
other example of microstructure of a conventional
nickel alloy.

Description of Embodiments

[0014] An embodiment of the present invention will
now be described in more detail with reference to the
accompanying drawings.
[0015] The nickel alloy of this embodiment is manufac-
tured by powder metallurgy, and comprises, with respect
to the total quantity, Cr in a range of 11.5 to 11.9% by
mass, Co in a range of 25 to 29% by mass, Mo in a range
of 3.4 to 3.7% by mass, W in a range of 1.9 to 2.1 % by
mass, Ti in a range of 3.9 to 4.4% by mass, Al in a range
of 2.9 to 3.2% by mass, C in a range of 0.02 to 0.03% by
mass, B in a range of 0.01 to 0.03% by mass, Zr in a
range of 0.04 to 0.06% by mass, Ta in a range of 2.1 to
2.2% by mass, Hf in a range of 0.3 to 0.4% by mass, and
Nb in a range of 0.5 to 0.8% by mass, the balance being
Ni and unavoidable impurities. Also, in the nickel alloy of
this embodiment, carbides and borides of Mo, Cr, W, Hf,
Zr and Ta precipitate in crystal grains and at grain bound-
aries.
[0016] For the nickel alloy of this embodiment, by add-
ing Co together with Cr of the content in the above-de-
scribed range to the alloy composition, an excellent high-
temperature oxidation resistance can be obtained. Also,
for the nickel alloy of this embodiment, by adding Co of
the content in the above-described range to the alloy
composition, the addition amount of Cr can be reduced,
so that the TCP phase is restricted from being formed,
and thereby the stability of structure is improved.
[0017] Also, for the nickel alloy of this embodiment, by

adding Mo and W of the contents in the above-described
range to the alloy composition together with the addition
of Co and Ti of the contents in the above-described range,
the carbides are precipitated in large amounts in the par-
ent phase. At this time, the carbides are converted into
fine grains and are dispersed in the parent phase, so that
the high-temperature strength can be improved further.
[0018] Also, for the nickel alloy of this embodiment, by
adding Co and Ti of the contents in the above-described
range to the alloy composition, the ratio of solid dissolu-
tion of Mo and W into γ’ (gamma prime) phase is in-
creased. As a result, according to the nickel alloy of this
embodiment, the high-temperature strength can be im-
proved further.
[0019] The nickel alloy of this embodiment is manufac-
tured by powder metallurgy as described above; howev-
er, the nickel alloy of the present invention is not limited
to a nickel alloy manufactured by powder metallurgy, and
may be manufactured by any other process. As other
processes for manufacturing the nickel alloy of the
present invention, for example, casting; refining, and
forging can be cited.
[0020] In the following, working examples and compar-
ative examples are described.

Examples

[Working example 1]

[0021] In working example 1, a nickel alloy comprising,
with respect to the total quantity, 11.7% by mass of Cr,
25.0% by mass of Co, 3.4% by mass of Mo,1.9% by mass
of W, 4.2% by mass of Ti, 3.2% by mass of Al, 0.025%
by mass of C, 0.02% by mass of B, 0.05% by mass of
Zr, 2.2% by mass of Ta, 0.35% by mass of Hf, and 0.8%
by mass ofNb, the balance being Ni and unavoidable
impurities, was manufactured by powder metallurgy. A
scanning electron micrograph (magnification: x2000) of
the crystalline structure of the nickel alloy obtained in this
working example is shown in Figure 1.
[0022] As shown in Figure 1, in the nickel alloy obtained
in this working example, white and fine carbides and bo-
rides precipitate in crystal grains so as to be dispersed
uniformly. Also, in the nickel alloy obtained in this working
example, white carbides and borides precipitate at grain
boundaries. However, in the nickel alloy obtained in this
working example, the TCP phase is not formed at all.
[0023] Next, the high-temperature oxidation resist-
ance of the nickel alloy obtained in this working example
was measured by the isothermal oxidation test at 850°C.
The measurement result is shown in Figure 2 as an in-
crease in mass (mg/cm2) per unit area with respect to
the square root of time. The increase in mass is caused
by the formation of oxides at a temperature of 850°C,
and indicates that the smaller the increase in mass is,
the higher the high-temperature oxidation resistance is.
[0024] Next, the creep strength of the nickel alloy ob-
tained in this working example was measured as a
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change in stress load (MPa) with respect to the Larson-
Miller parameter. The measurement result is shown in
Figure 3.
[0025] The Larson-Miller parameter (LMP) is a value
expressed by the following formula.

in which, T is absolute temperature (K), t is time (hour),
and C is a constant depending on metal. In this working
example, C was set so as to be equal to 20.

[Working example 2]

[0026] In working example 2, a nickel alloy having the
same chemical composition as in working example 1 ex-
cept that, with respect to the total quantity, the Co content
was 27.0% by mass, the Ti content was 4.4% by mass,
and the Nb content was 0.5% by mass was manufac-
tured. A scanning electron micrograph (magnification:
x2000) of the microstructure of the nickel alloy obtained
in this working example is shown in Figure 4.
[0027] As shown in Figure 4, in the nickel alloy obtained
in this working example, white and fine carbides and bo-
rides precipitate in crystal grains so as to be dispersed
uniformly. Also, in the nickel alloy obtained in this working
example, white carbides and borides precipitate at grain
boundaries. However, in the nickel alloy obtained in this
working example, the TCP phase is not formed at all.
[0028] Next, the high-temperature oxidation resist-
ance of the nickel alloy obtained in this working example
was measured in completely the same way as in working
example 1. The measurement result is shown in Figure 2.
[0029] Next, the creep strength of the nickel alloy ob-
tained in this working example was measured in com-
pletely the same way as in working example 1. The meas-
urement result is shown in Figure 3.

[Working example 3]

[0030] In working example 3, a nickel alloy having the
same chemical composition as in working example 1 ex-
cept that, with respect to the total quantity, the Co content
was 29.0% by mass, the Mo content was 3.7% by mass,
the W content was 2.1 % by mass, the Ti content was
3.9% by mass, the Al content was 2.9% by mass, the Ta
content was 2.1 % by mass, and the Nb content was
0.5% by mass was manufactured. A scanning electron
micrograph (magnification: x2000) of the microstructure
of the nickel alloy obtained in this working example is
shown in Figure 5.
[0031] As shown in Figure 5, in the nickel alloy obtained
in this working example, white and fine carbides and bo-
rides precipitate in crystal grains so as to be dispersed
uniformly. Also, in the nickel alloy obtained in this working
example, white carbides and borides precipitate at grain

boundaries. However, in the nickel alloy obtained in this
working example, the TCP phase is not formed at all.
[0032] Next, the high-temperature oxidation resist-
ance of the nickel alloy obtained in this working example
was measured in completely the same way as in working
example 1. The measurement result is shown in Figure 2.
[0033] Next, the creep strength of the nickel alloy ob-
tained in this working example was measured in com-
pletely the same way as in working example 1. The meas-
urement result is shown in Figure 3.

[Comparative example 1]

[0034] In comparative example 1, a nickel alloy com-
prising, with respect to the total quantity, 16.0% by mass
of Cr, 15.0% by mass of Co, 3.0% by mass of Mo,1.25%
by mass of W, 5.0% by mass of Ti, 2.5% by mass of Al,
0.025% by mass of C, 0.02% by mass of B, and 0.03%
by mass of Zr, the balance being Ni and unavoidable
impurities, was manufactured by powder metallurgy. A
scanning electron micrograph (magnification: x2000) of
the microstructure of the nickel alloy obtained in this com-
parative example is shown in Figure 6.
[0035] As shown in Figure 6, in the nickel alloy obtained
in this comparative example, white and fine carbides and
borides precipitate in crystal grains so as to be dispersed
uniformly. Also, in the nickel alloy obtained in this com-
parative example, white carbides and borides precipitate
at grain boundaries. Furthermore, in the nickel alloy ob-
tained in this comparative example, a plate-shaped or
needle-shaped TCP phase precipitates in crystal grains,
and a gray TCP phase precipitates at grain boundaries.
[0036] Next, the high-temperature oxidation resist-
ance of the nickel alloy obtained in this comparative ex-
ample was measured in completely the same way as in
working example 1. The measurement result is shown in
Figure 2.
[0037] Next, the creep strength of the nickel alloy ob-
tained in this comparative example was measured in
completely the same way as in working example 1. The
measurement result is shown in Figure 3.

[Comparative example 2]

[0038] In comparative example 2, a nickel alloy com-
prising, with respect to the total quantity, 12.5% by mass
of Cr, 27.0% by mass of Co, 3.4% by mass of Mo,1.9%
by mass of W, 4.4% by mass of Ti, 3.2% by mass of Al,
0.025% by mass of C, 0.02% by mass of B, 0.05% by
mass of Zr, 2.5% by mass of Ta, 0.35% by mass of Hf,
and 0.5% by mass of Nb, the balance being Ni and un-
avoidable impurities, was manufactured by powder met-
allurgy. A scanning electron micrograph (magnification:
x2000) of the microstructure of the nickel alloy obtained
in this comparative example is shown in Figure 7.
[0039] As shown in Figure 7, in the nickel alloy obtained
in this comparative example, white and fine carbides and
borides precipitate in crystal grains so as to be dispersed
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uniformly. Also, in the nickel alloy obtained in this com-
parative example, white carbides and borides precipitate
at grain boundaries. Furthermore, in the nickel alloy ob-
tained in this comparative example, a plate-shaped or
needle-shaped TCP phase precipitates in crystal grains,
and a gray TCP phase precipitates at grain boundaries.
[0040] Next, the high-temperature oxidation resist-
ance of the nickel alloy obtained in this comparative ex-
ample was measured in completely the same way as in
working example 1. The measurement result is shown in
Figure 2.
[0041] Next, the creep strength of the nickel alloy ob-
tained in this comparative example was measured in
completely the same way as in working example 1. The
measurement result is shown in Figure 3.

[Comparative example 3]

[0042] In comparative example 3, a nickel alloy having
the same chemical composition as in comparative exam-
ple 2 except that, with respect to the total quantity, the
Co content was 25.0% by mass, the Mo content was
4.5% by mass, and the W content was 2.1 % by mass
was manufactured. A scanning electron micrograph
(magnification: x2000) of the microstructure of the nickel
alloy obtained in this comparative example is shown in
Figure 8.
[0043] As shown in Figure 8, in the nickel alloy obtained
in this comparative example, white and fine carbides and
borides precipitate in crystal grains so as to be dispersed
uniformly. Also, in the nickel alloy obtained in this com-
parative example, white carbides and borides precipitate
at grain boundaries. Furthermore, in the nickel alloy ob-
tained in this comparative example, a plate-shaped or
needle-shaped TCP phase precipitates in crystal grains,
and a gray TCP phase precipitates at grain boundaries.
[0044] Next, the high-temperature oxidation resist-
ance of the nickel alloy obtained in this comparative ex-
ample was measured in completely the same way as in
working example 1. The measurement result is shown in
Figure 2.
[0045] Next, the creep strength of the nickel alloy ob-
tained in this comparative example was measured in
completely the same way as in working example 1. The
measurement result is shown in Figure 3.
[0046] For the nickel alloys obtained in working exam-
ples 1 to 3, as shown in Figure 2, the increase in mass
per unit area caused by the formation of oxides at a tem-
perature of 850°C is small over a long period of time, and
therefore it is apparent that the nickel alloys each have
an excellent high-temperature oxidation resistance. Also,
it is apparent that the nickel alloys obtained in working
examples 1 to 3 each have an excellent creep strength
as shown in Figure 3.
[0047] For the nickel alloy obtained in comparative ex-
ample 1, as shown in Figure 2, the increase in mass per
unit area is large, and therefore it is apparent that the
nickel alloy has a poor high-temperature oxidation resist-

ance as compared with the nickel alloys obtained in work-
ing examples 1 to 3. On the other hand, for the nickel
alloys obtained in comparative examples 2 and 3, as
shown in Figure 2, the increase in mass per unit area is
equivalent to the increases in mass per unit area of the
nickel alloys obtained in working examples 1 to 3; how-
ever, it is apparent that the nickel alloys each have a low
creep strength as compared with the nickel alloys ob-
tained in working examples 1 to 3 as shown in Figure 3.

Claims

1. A nickel alloy comprising, with respect to the total
quantity, Cr in a range of 11.5 to 11.9% by mass, Co
in a range of 25 to 29% by mass, Mo in a range of
3.4 to 3.7% by mass, W in a range of 1.9 to 2.1 %
by mass, Ti in a range of 3.9 to 4.4% by mass, Al in
a range of 2.9 to 3.2% by mass, C in a range of 0.02
to 0.03% by mass, B in a range of 0.01 to 0.03% by
mass, Zr in a range of 0.04 to 0.06% by mass, Ta in
a range of 2.1 to 2.2% by mass, Hf in a range of 0.3
to 0.4% by mass, and Nb in a range of 0.5 to 0.8%
by mass, the balance being Ni and unavoidable im-
purities, wherein the nickel alloy comprises carbides
and borides precipitating in crystal grains and at
grain boundaries.

2. The nickel alloy according to claim 1, wherein the
nickel alloy is manufactured by powder metallurgy.

Patentansprüche

1. Nickellegierung, umfassend, in Bezug auf die Ge-
samtmenge, Cr in einem Bereich von 11,5 bis 11,9
Masseprozent, Co in einem Bereich von 25 bis 29
Masseprozent, Mo in einem Bereich von 3,4 bis 3,7
Masseprozent, W in einem Bereich von 1,9 bis 2,1
Masseprozent, Ti in einem Bereich von 3,9 bis 4,4
Masseprozent, Al in einem Bereich von 2,9 bis 3,2
Masseprozent, C in einem Bereich von 0,02 bis 0,03
Masseprozent, B in einem Bereich von 0,01 bis 0,03
Masseprozent, Zr in einem Bereich von 0,04 bis 0,06
Masseprozent, Ta in einem Bereich von 2,1 bis 2,2
Masseprozent, Hf in einem Bereich von 0,3 bis 0,4
Masseprozent und Nb in einem Bereich von 0,5 bis
0,8 Masseprozent, wobei der Rest Ni und unver-
meidliche Verunreinigungen sind, wobei die Nickel-
legierung Carbide und Boride umfasst, die in Kris-
tallkörnern und an Korngrenzen ausfallen.

2. Nickellegierung nach Anspruch 1, wobei die Nickel-
legierung mittels Pulvermetallurgie hergestellt wird.
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Revendications

1. Un alliage de nickel comprenant, par rapport à la
quantité totale, du Cr dans une plage de 11,5 à 11,9
% en masse, du Co dans une plage de 25 à 29 %
en masse, du Mo dans une plage de 3,4 à 3,7 % en
masse, du W dans une plage de 1,9 à 2,1 % en
masse, du Ti dans une plage de 3,9 à 4,4 % en mas-
se, de l’Al dans une plage de 2,9 à 3,2 % en masse,
du C dans une plage de 0,02 à 0,03 % en masse,
du B dans une plage de 0,01 à 0,03 % en masse,
du Zr dans une plage de 0,04 à 0,06 % en masse,
du Ta dans une plage de 2,1 à 2,2 % en masse, de
l’Hf dans une plage de 0,3 à 0,4 % en poids et du
Nb dans une plage de 0,5 à 0,8 % en masse, le solde
étant constitué de Ni et d’impuretés inévitables, dans
lequel l’alliage de nickel comprend des carbures et
des borures précipitant en grains cristallins et aux
joints des grains.

2. L’alliage de nickel selon la revendication 1, dans le-
quel l’alliage de nickel est fabriqué par métallurgie
des poudres.
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