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HEAT-RESISTANT SUPERALLOY

TECHNICAL FIELD

[0001] The present invention relates to a heat-resistant
superalloy used 1n a heat-resistant member for use 1n aircrait

engine, generator gas turbine, or the like, particularly used 1n
a turbine disk, a turbine blade, or the like.

BACKGROUND ART

[0002] A turbine disk, which 1s a heat-resistant member for
use 1n aircrait engine, generator gas turbine, or the like, 1s a
part which supports a moving blade and rotates at a high
speed. Therefore, the turbine disk requires a material which
endures a very large centrifugal stress and which 1s excellent
in fatigue strength, creep strength, and fracture toughness. On
the other hand, as the engine and generator are being
improved 1n the fuel consumption rate and performance, there
are demands that the engine gas temperature should be
improved and that the turbine disk should be reduced in
weight, and therefore the material for turbine disk 1s required
to have higher heat resistance and higher strength.

[0003] Generally, a Ni-based forging alloy 1s used i the
turbine disk, and, for example, Inconel 718 utilizing a "
(gamma double prime) phase as a strengthening phase and
Waspaloy having a v' (gamma prime) phase, which 1s more
stable than the yv" phase, deposited in an amount of about 25
vol % and utilizing the ¥' phase as a strengthening phase have
been widely used. Further, from the viewpoint of dealing with
an increase ol the temperature, Udimet 720 developed by
Special Metals has been mtroduced since 1986. Udimet 720
has a vy' phase deposited 1n an amount of about 45 vol % and
has tungsten added for strengtheming the solid solution of vy
phase, and exhibits excellent heat resistance properties.
Udimet 720, meanwhile, has poor structure stability such that
a detrimental TCP (topologically close packed) phase 1is
formed 1n the Udimet 720 being used. Therefore, Udimait
720L1 (U720L1/U720LI) has been developed by improving
Udimet 720, e.g., reducing the chromium content. In Udimit
720L1, however, a TCP phase 1s mevitably formed, and the
use ol Udimit 720L1 for a long time or at high temperatures 1s
limited. Further, with respect to Udimit 720 and Udimit 720
L1, a difference between the v' solvus temperature and the
initial melting temperature 1s small, and the narrow process
window for hot processing, heat treatment, or the like has
been pointed out. Thus, Udimit 720 and Udimit 720 Lihave a
practical problem 1n that 1t 1s difficult to produce a homoge-
neous turbine disk from them by a casting or forging process.

[0004] Powder metallurgy alloys, including AF115, N18,
and Rene 88DT as representative examples, are sometimes
used 1n a high-pressure turbine disk required to have a high
strength. The powder metallurgy alloys have merit in that a
homogeneous disk having almost no segregation despite con-
taining strengthening elements 1 a large amount can be
obtained. On the other hand, the powder metallurgy alloys
pose a problem 1n that, for preventing contaminants from
mixing into the alloy, a thorough control of the production
process, e.g., vacuum dissolution with high cleanness or opti-
mal selection of the mesh size for powder classification 1s
required, increasing the cost.

[0005] By the way, with respect to conventional Ni-based
heat-resistant superalloys, a number of improvements of the
chemical compositions have been proposed. The heat-resis-
tant superalloys having improved chemical compositions
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have cobalt, chromium, and molybdenum, or molybdenum,
tungsten, aluminum, and titantum added thereto as main com-
ponents, and representative examples of such superalloys
include those having one of or both of mobium and tantalum
as essential components. However, these chemical composi-
tions are suitable for powder metallurgy, but make casting or
forging of the superalloy difficult. Further, the amount of the
cobalt added to the heat-resistant superalloy 1s relatively
large, but, taking into consideration the cost and the like, the
amount of the cobalt added was limited to 23% by mass or
less, excluding a specific case.

[0006] Titanium has a function of strengthening the v' phase
and 1s effective 1n 1improving the tensile strength or crack
propagation resistance, and therefore titantum 1s added to the
heat-resistant superalloy. However, the addition of titanium in
an excess amount increases the v' solvus temperature, and
turther forms a detrimental phase, making 1t difficult to obtain
a sound v' structure. From the viewpoint of avoiding this, the
amount of the titantum added to the heat-resistant superalloy
was limited to about 5% by mass.

[0007] The present inventors have found that by positively
adding cobalt in an amount of up to 55% by mass, the forma-
tion of a detrimental TCP phase can be suppressed, and that
by increasing both cobalt and titanium 1n a predetermined
proportion, the v/y' two-phase structure can be stabilized, and
have proposed a heat-resistant superalloy which can endure
for a long time even 1n a higher temperature region.

[0008] Patent document 1: Japanese Patent No. 2666911
[0009] Patent document 2: Japanese Patent No. 3145091
[0010] Patent document 3: Japanese Patent No. 3233361
[0011] Patent document 4: Japanese Patent No. 4026883
[0012] Patent document 5: W0O2006/0598035 pamphlet
DISCLOSURE OF THE INVENTION
Problems that the Invention 1s to Solve
[0013] The above-mentioned heat-resistant superalloy

already proposed by the present inventors has both cobalt and
titanium 1ncreased 1n a predetermined proportion and 1s a
novel alloy having excellent heat resistance. With respect to
this heat-resistant superalloy, however, it has additionally
been found that when titanium i1s added in too large an
amount, an 1 phase (N1;11) 1s likely to be formed in the
heat-resistant superalloy. The 1 phase 1s 1n a plate form and
causes the ductility of the heat-resistant superalloy around at
room temperature to be poor. Further, the m phase 1s also 1n a
cell form and causes the notched stress rupture strength of the
heat-resistant superalloy to lower. Therefore, the develop-
ment of a heat-resistant superalloy having a good balance
between excellent heat resistance and easy processing prop-
erties and having high reliability 1s strongly desired.

Means for Solving the Problems

[0014] The present mventors have made extensive and
intensive studies on technical means for controlling the for-
mation of the above-mentioned 1 phase. As a result, i1t has
been newly found that the addition of ruthenium to the heat-
resistant superalloy proposed by the present inventor exhibits
a remarkably effect of suppressing the formation of an n
phase 1n the superalloy, and the present invention has been
completed, based on the above novel finding.

[0015] For solving the above problems, the heat-resistant
superalloy of the invention 1s a heat-resistant superalloy hav-
ing chromium, aluminum, cobalt, titantum, and ruthenium
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added thereto as main components, and having a subcompo-
nent(s) optionally added thereto, the remainder, excluding the
main components and the subcomponent(s), comprising
nickel and an impurnty inevitably contained,

[0016] wherein the heat-resistant superalloy 1s character-
1zed 1n that:

[0017] the amount of the chromium added 1s 2 to 25% by
mass,

[0018] the amount of the aluminum added 1s 0.2 to 7% by
mass,

[0019] the amount of the cobalt added 1s 19.5 to 55% by
mass,

[0020] the amount of the titanmium added 15 [0.17x(% by

mass for cobalt—-23)+3] to [0.17x(% by mass for cobalt—-20)+

7] % by mass (with the proviso that the amount of the titanium
added 1s 5.1% by mass or more), and

[0021] the amount of the ruthenium added 1s 0.1 to 10% by
mass.
[0022] In the heat-resistant superalloy, it 1s preferred that

the amount of the titanium added 1s [0.17x(% by mass for
cobalt—-23)+3] to [0.17x(% by mass for cobalt-20) +7] % by
mass (with the proviso that the amount of the titanium added
1s 5.3 to 11% by mass), and at least one of molybdenum and
tungsten 1s added as the subcomponent,

[0023] wherein the amount of the molybdenum added 1is
5% by mass or less, and the amount of the tungsten added 1s
3% by mass or less.

[0024] Further, in the heat-resistant superalloy, 1t 15 pre-
ferred that at least one of zirconium, carbon, and boron 1s
added as the subcomponent,

[0025] wherein the amount of the zirconium added 1s 0.01
to 0.2% by mass,

[0026] the amount of the carbon added 1s 0.01 to 0.13% by
mass, and

[0027] the amount of the boron added 1s 0.005 to 0.1% by
mass.

[0028] Further, in the heat-resistant superalloy, 1t 1s pre-

terred that at least one of molybdenum and tungsten and at
least one of zirconium, carbon, and boron are added as the
subcomponents,

[0029] wherein the amount of the molybdenum added 1is
5% by mass or less,

[0030] the amount of the tungsten added 1s 3% by mass or
less,

[0031] the amount of the zircommum added 1s 0.01 to
0.2%by mass,

[0032] the amount of the carbon added 15 0.01 to 0.15% by
mass, and

[0033] the amount of the boron added 1s 0.005 to 0.1% by
mass.

[0034] Further, in the heat-resistant superalloy, 1t 1s pre-

terred that at least one of molybdenum and tungsten, at least
one of tantalum and niobium, and at least one of zirconium,
carbon, and boron are added as the subcomponents,

[0035] whereimn the amount of the molybdenum added 1is
5% by mass or less,

[0036] the amount of the tungsten added 1s 3% by mass or
1[?}8081;7] the amount of the tantalum added 1s 2% by mass or
1[?)8081;8] the amount of the niobium added 1s 2% by mass or
1[?}%859] the amount of the zirconium added 1s 0.01 to 0.2%

by mass,
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[0040] the amount of the carbon added 1s 0.01 to 0.13% by
mass, and

[0041] the amount of the boron added 1s 0.005 to 0.1% by
mass.

[0042] Further, 1n the heat-resistant superalloy, 1t 1s pre-

terred that the amount of the cobalt added 1s 23.1 to 55% by
mass.

[0043] Further, 1n the heat-resistant superalloy, 1t 1s pre-
terred that the amount of the titanium added 1s [0.17x(% by
mass for cobalt—-23) +3] to [0.17x(% by mass for cobalt-20)

+7] % by mass (with the proviso that the amount of the
titanium added 1s 5.1 to 11% by mass).

[0044] Further, 1n the heat-resistant superalloy, 1t 1s pre-

terred that the amount of the ruthenium added 15 0.1 to 7% by
mass.

[0045] Further, 1n the heat-resistant superalloy, 1t 1s pre-
terred that the amount of the titamum added 1s [0.17%x(% by
mass for cobalt—23)+3] to [0.17x(% by mass for cobalt—-20)+

7] % by mass (with the proviso that the amount of the titanium
added 1s 5.3 to 10% by mass), and the amount of the ruthe-
nium added 1s 0.1 to 5% by mass.

[0046] Further, 1in the heat-resistant superalloy, 1t 1s pre-
ferred that the amount of the zirconium added 1s 0.01 to
0.153% by mass, the amount of the carbon added 1s 0.01 to
0.1% by mass, and the amount of the boron added 1s 0.005 to
0.05% by mass.

[0047] Further, 1t 1s preferred that the heat-resistant super-
alloy contains no m phase in the alloy phase. The heat-resis-
tant superalloy member of the invention 1s characterized in
that the member 1s produced from the above heat-resistant
superalloy by at least one of casting, forging, and powder
metallurgy.

Advantage of the Invention

[0048] In the invention, there 1s provided a heat-resistant
superalloy having a good balance between excellent heat
resistance and easy processing properties and having high
reliability.

BRIEF DESCRIPTION OF DRAWINGS

[0049] FIG. 1 shows photomicrographs of the microstruc-
tures observed with respect to the comparative alloy 2 (A) and
the invention alloy 4 (B) obtained by adding ruthenium in an
amount ol 4% by mass to the comparative alloy 2, which
alloys have been subjected to casting.

[0050] FIG. 2 shows XRD diffraction patterns measured
with respect to the invention alloy 4 and comparative alloy 2,

which have been subjected to aging treatment at 1,140° C. for
100 hours.

[0051] FIG. 3 shows photomicrographs of the microstruc-
tures observed with respect to the invention alloy 4 {(B) and
(D)} and the comparative alloy 2 {(A) and (C)}, which have
been subjected to heat treatment at 1,220° C. for one hour, and
then subjected to aging at 1,140° C. for 32 hours {(A) and
(B)} and for 100 hours {(C) and (D)}.

[0052] FIG. 4 shows TTT curves (time-temperature-trans-
formation curves) for the formation of an v phase with respect
to the following four types of heat-resistant superalloys: (A)
comparative alloy 1; (B) invention alloy 3 (comparative alloy
14+2.5% by mass Ru); (C) comparative alloy 2; and (D) inven-
tion alloy 4 (comparative alloy 2+4% by mass Ru).
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[0053] FIG. 5 shows photographs of the appearance of the
comparative alloy 2 (A) and invention alloy 4 (B), which have

been subjected to high-temperature forging at 1,100° C. and
at 0.1 s7'.

MODE FOR CARRYING OUT THE INVENTION

[0054] Intheinvention, as already proposed, the contents of
cobalt and titanium 1n the heat-resistant superalloy are appro-
priately controlled to achieve excellent heat resistance, and
turther ruthenium 1s added to the heat-resistant superalloy to
thoroughly suppress the formation of an m phase which
causes a problem in the processability of the superalloy,
improving the processability, and thus a heat-resistant super-
alloy having a good balance between a heat resistance and
easy processing properties 1s provided.

[0055] Ruthenium (Ru) 1s a component capable of sup-
pressing the formation of a TCP phase, and can improve the
creep characteristics of the heat-resistant superalloy at high
temperatures. This effect 1s remarkable when the amount of
the ruthenium added to the heat-resistant superalloy 1s 1n the
range of from 0.1 to 10% by mass. Taking into consideration
the fact that ruthenium 1s an expensive metal and the balance
between a heat resistance and easy processing properties, the
amount of the ruthemium added 1s preferably 1n the range of
from 0.1 to 7% by mass, more preferably from 0.1 to 5% by
mass.

[0056] Cobalt (Co) 1s a component effective in controlling
the solvus temperature of the v' phase, and when the amount
of the cobalt added to the heat-resistant superalloy 1is
increased, the solvus temperature 1s lowered to widen the
process window, so that an effect of improving the superalloy
in forging properties can also be obtained. In addition, cobalt
suppresses the formation of a TCP phase to improve the
high-temperature strength of the heat-resistant superalloy,
and therefore cobalt 1s positively added to the heat-resistant
superalloy i an amount of 19.5% by mass or more. By virtue
of the addition of cobalt 1n such an amount, there 1s achieved
a practical heat-resistant superalloy having a good balance
between a heat resistance and easy processing properties even
in the region of composition 1 which the amount of the
titanium (11) added 1s 5.1% by mass or more.

[0057] Whencobalt and titanium are added 1n combination,
for example, 1n the form of a Co—T1 alloy, 1t 1s preferred that
the amounts of the cobalt and titanium added are determined
in accordance with the below-mentioned formula for the
range of the amount of the titanium added. When cobalt 1s
added 1n an amount of 19.5% by mass or more, and even when
cobalt 1s added 1n an amount of 23.1% by mass or more, or an
amount of up to 55% by mass, the above-mentioned heat-
resistant superalloy can be similarly obtained. In this connec-
tion, 1t 1s noted that, according to the results of a high-tem-
perature compression test, an alloy having cobalt added 1n an
amount of more than 55% by mass tends to be reduced 1n the
strength at up to 750° C. Therefore, generally, the amount of
the cobalt added to the heat-resistant superalloy 1s preferably
55% by mass or less, more preferably 22 to 35% by mass,
turther preterably 23.1 to 35% by mass.

[0058] Titanium 1s added {for strengthening the v' to
improve the strength of the heat-resistant superalloy, and 1s
required to be added 1n an amount of 5.1% by mass or more.
When titanium and cobalt are added 1n combination, excel-
lent phase stability 1s realized, thus achieving the heat-resis-
tant superalloy having high strength. Basically, when select-
ing, for example, a Co+Co, 11 alloy which 1s a heat-resistant
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superalloy having a y+y' two-phase structure, the addition of
titanium achieves a heat-resistant superalloy having a stable
structure even 1n a high alloy concentration and having high
strength. With respect to the amount of the titanium added to
the heat-resistant superalloy, the lower limit 1s 5.1% by mass,
and further the amount of the titammum added 1s within the
range represented by the following formula:

[0.17x(% by mass for cobalt-23)+3] to [0.17x(% by
mass for cobalt—20)+7].

[0059] On the other hand, when the amount of the titanium
added 1s more than 15% by mass, the formation of an m phase
which 1s a detrimental phase, or the like may be marked, and
therefore the amount of the titantum added 1s preferably 15%
by mass or less. It 1s more preferred that the amount of the
titanium added satisfies the above-mentioned formula for the
range and further 1s 5.1 to 15% by mass, advantageously 5.3
to 11% by mass, further advantageously 5.3 to 10% by mass.
[0060] Chromium (Cr) 1s added for improving the environ-
mental resistance or fatigue crack propagation characteristics
of the heat-resistant superalloy. The amount of the chromium
added to the heat-resistant superalloy 1s 1n the range of from
2 to 25% by mass. When the amount of the chromium added
1s less than 2% by mass, desired properties cannot be
obtained. When the amount of the chromium added 1s more
than 25% by mass, a detrimental TCP phase 1s likely to be
formed. The amount of the chromium added 1s preferably 5 to
20% by mass, more preferably 10 to 18% by mass.

[0061] Aluminum (Al) 1s an element which forms a v
phase, and the amount of the aluminum added to the heat-
resistant superalloy 1s 1n the range of from 0.2 to 7% by mass
so that the ' phase 1s formed 1n an appropriate amount. The
ratio of the titanium and aluminum contained in the heat-
resistant superalloy affects the formation of an m phase and
therefore, for suppressing the formation of a TCP phase
which 1s a detrimental phase, the amount of the aluminum
added 1s preferably as large as possible within the above-
mentioned range.

[0062] Tungsten (W)i1sacomponent effective in dissolving
in the y phase and v' phase and strengthening the both phases
to improve the high-temperature strength of the heat-resistant
superalloy. When the amount of the tungsten added to the
heat-resistant superalloy 1s too small, the resultant superalloy
1s likely to have unsatistfactory creep characteristics. On the
other hand, when the amount of the tungsten added 1s too
large, the resultant superalloy has an excessively increased
alloy density and 1s disadvantageous from a practical point of
view. The amount of the tungsten added 1s generally 5% by
mass or less.

[0063] Molybdenum (Mo) 1s a component effective 1n
strengthening mainly the y phase to improve the creep char-
acteristics of the heat-resistant superalloy. Molybdenum,
meanwhile, 1s an element having a high density like tungsten,
and when the amount of the molybdenum added to the heat-
resistant superalloy 1s too large, the resultant superalloy has
an excessively increased alloy density and 1s disadvantageous
from a practical point of view. The amount of the molybde-
num added 1s generally 5% by mass or less, preferably 4% by
mass or less.

[0064] Carbon (C) 1s a component eflective in improving
the ductility and creep characteristics of the heat-resistant
superalloy at high temperatures. The amount of the carbon
added to the heat-resistant superalloy 1s generally in the range
of from 0.01 to 0.15% by mass, preferably 1n the range of
from 0.01 to 0.1% by mass. Boron (B) 1s a component effec-

[
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tive 1n improving the creep characteristics at high tempera-
tures, fatigue characteristics, and the like of the heat-resistant
superalloy. The amount of the boron added to the heat-resis-
tant superalloy 1s generally in the range of from 0.005 to0 0.1%
by mass, preferably in the range of from 0.005 to 0.05% by
mass. When the amounts of the carbon and boron added
exceed the above-mentioned respective predetermined
ranges, 1t 1s likely that the creep strength of the heat-resistant
superalloy 1s lowered or the process window narrows. Zirco-
nium (Zr) 1s a component effective in improving the ductility,
fatigue characteristics, and the like of the heat-resistant super-
alloy. The amount of the zirconium added to the heat-resistant
superalloy 1s generally 1n the range of from 0.01 to 0.2% by
mass, preferably in the range of from 0.01 to 0.15% by mass.
[0065] Examples of other components include tantalum
(Ta), mobium (Nb), rhenium (Re), vanadium (V), hatnium
(Hi), and magnesium (Mg), and these components can be
added to the heat-resistant superalloy 1n such an appropnately
controlled amount that the properties of the heat-resistant
superalloy are not sacrificed.

[0066] Examples are shown below. The {following
Examples should not be construed as limiting the scope of the
present invention.

Examples

[0067] Four types of invention alloys and two types of
comparative alloys were prepared by melting in a vacuum
induction heating method. The chemical compositions of
these alloys are shown 1n Table 1.

TABLE 1

Name of alloy N1 Co Cr Mo W Al Ti

Comparative alloy 1  Bal. 23.1 168 3.12 1.25 187 544 0.03
Invention alloy 1 Bal. 23.0 16.7 3.1 1.24 1.86 541 0.03
Invention alloy 2 Bal. 228 16,5 307 123 1.84 536 0.03
Invention alloy 3 Bal. 225 164 304 1.22 182 530 0.03
Comparative alloy 2 Bal. 28.6 128 24 1.0 2.0 7.4 0.03
Invention alloy 4 Bal. 275 123 23 096 192 7.1 0.03

* Each elemental composition 1s indicated by “% by mass”.

[0068]
phase which 1s a detrimental phase, especially the formation

In all the invention alloys, the formation of a TCP

of an m phase (Ni1,11) was suppressed, and the improvement
elfect for the stability of the microstructure by the addition of
ruthentum was recognized. For example, as shown 1n FIG. 1,
in the cast alloy of the comparative alloy 2 (A), the formation
of an m phase was found on the grain boundary, whereas, 1n

Name of alloy

Comparative alloy 1

Invention alloy 1
Invention alloy 2
Invention alloy 3

Comparative alloy 2

Invention alloy 4
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the mvention alloy 4 (B) obtained by adding ruthenium 1n an
amount of 4% by mass to the comparative alloy 2, the forma-
tion of an 1 phase was not recognized. With respect to these
two alloys, the stability of the microstructure 1n a heat treat-
ment was evaluated. Specifically, the two alloys were indi-
vidually subjected to heating treatment at 1,220° C. for one
hour, and then cooled with water, and subsequently, subjected
to aging treatment 1n a temperature region of from 700 to

1,200° C. for 1 to 1,000 hours. FIG. 2 shows X-ray dififraction
patterns of the two alloys which have been subjected to aging

treatment at 1,140° C. for 100 hours. In the comparative alloy

2 which has been subjected to aging treatment, diffraction
peaks ascribed to the 1 phase as well as the y phase and v'
phase were observed, but, 1n the mvention alloy 4 having
ruthentum added 1n an amount of 4% by mass, contrary to the

comparative alloy 2, a diffraction peak ascribed to the ) phase
was not observed.

[0069]
tures observed with respect to the invention alloy 4 and com-

FIG. 3 shows photomicrographs of the microstruc-

parative alloy 2, which have been subjected to heat treatment
at 1,220° C. for one hour and then subjected to aging treat-
ment at 1,140° C. for 32 hours and for 100 hours. As can be
seen from the photomicrographs, 1n the comparative alloy 2
{(A) and (C)}, a number of 1 phases in a plate form having a

size of several hundred microns were observed, which are not

B /Zr Ru
0.018 0.022 —
0.018 0.022 0.5
0.018 0.022 1.5
0.018 0.022 2.5
0.01 0.02 —
0.01 0.02 4

observed in the invention alloy 4 {(B) and (D)}. These results
clearly show the remarkable effect achieved by the addition of
ruthenitum 1n the heat-resistant superalloy of the mvention.

[0070]
compressive stress at yield and a compressive creep at 725°

Table 2 shows the results of the measurement of a

C/630 MPa with respect to the invention alloys and compara-
tive alloys shown 1n Table 1.

TABLE 2

Compressive stress at vield (MPa) Compressive creep (s_l)

25°C. 400°C. 700°C. 800°C. 1000°C. 725° C./630 MPa
873 864 861 847 340 521 x 1078
890 886 881 859 344 3.07x 1078
894 867 859 848 340 1.85 x 1078
868 861 842 828 335 1.71 x 108
929 923 920 016 341 1.35% 1078
017 015 011 911 358 1.19 x 1078
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[0071] The results shown 1 Table 2 are those measured
with respect to the mvention alloys and comparative alloys,
which have been subjected to heat treatment at 1,100° C. for
4 hours and air cooling, and then subjected to aging treatment

at 650° C. for 24 hours and at 760° C. for 16 hours. The
compression test was conducted using a tester (SHIMAZU

AG50KNI), manufactured by Shimadzu Corporation, in a
temperature region of from room temperature to 1,000° C. at
an apparent strain rate of 3x10™* s™'. The invention alloys
have a compressive stress at yield substantially equivalent to
that of the comparative alloys, and these results indicate that
the addition of ruthenium does not adversely atfect the com-
pressive stress at yield of the alloy. Further, in some of the
invention alloys, an effect such that the addition of ruthenium
improves the performance 1s also recognized. Particularly, 1n
the mmvention alloy 3 obtained by adding ruthenium in an
amount of 2.5% by mass to the comparative alloy 1, the
compressive creep is drastically improved from 5.2x107°s™"
to 1.71x107° s™*. Accordingly, the results shown in Table 2
suggest that the addition of ruthenium in the heat-resistant
superalloy of the mvention achieves an effect such that the
processability of the heat-resistant superalloy 1s remarkably
improved without sacrificing the heat resistance.

[0072] FIG. 4 shows the suppression etlfect for the ny phase
formation 1n the invention alloy having ruthenium added
thereto. FIGS. 4(A) and 4(C) show TTT curves (time-tem-
perature-transition curves) for the formation of an m phase
with respect to the comparative alloys 1 and 2, respectively.
The TTT curves of the comparative alloys 1 and 2 had a
C-shape, and the nose temperature and the temperature range
in which the presence of an 1 phase 1s recogmized were about
1,000° C. and the range of from 1,100 to 1,150° C., respec-
tively, with respect to the comparative alloy 1, and about
1,170° C. and the range of from 850 to 1,200° C., respectively,
with respect to the comparative alloy 2. That 1s, 1n each of the
comparative alloys 1 and 2, 1, phases are present 1n a wide
range (the region 1n which symbols * are present). In contrast,
as shown 1 FIGS. 4(B) and 4(D), 1n each of the invention
alloys 3 and 4, the formation of an 1y phase was notrecognized
in any region. These results clearly show that the addition of
ruthenium 1n the heat-resistant superalloy of the invention
remarkably improves the stability of the phase.

[0073] Anexisting disk alloy, such as U720L1, 1s generally

subjected to high-temperature forging at about 1,100° C., and
the deformability of an alloy 1n a similar temperature region 1s
an 1mportant factor in presuming the workability of the alloy
in the processing. Using the mvention alloy 4 and compara-
tive alloy 2, workabaility was evaluated by a high-temperature
compression test with respect to each of these alloys. The
evaluation of the workability was conducted at 1,100° C. and
at a strain rate 0of 0.1 s™*. Each of the alloys was maintained at
the temperature for the measurement for 10 minutes so that
the alloy became homogeneous, and then a strain 01 0.65 was
applied to the alloy to effect deformation, followed by rapid
cooling using water. As shown 1n FIG. 5, 1n the comparative
alloy 2 containing an v} phase, large cracks are caused, which
confirms that the workability 1s very poor. By contrast, in the
invention alloy 4 having ruthenium added thereto, only slight
cracks are observed 1n the outermost shell, and, from this, 1t 1s
considered that the ruthenium added to the alloy suppresses
the formation of an 1 phase, remarkably improving the work-
ability in the high-temperature forging processing.

INDUSTRIAL APPLICABILITY

[0074] The heat-resistant superalloy of the mvention has a
good balance between excellent heat resistance and easy pro-
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cessing properties, and has high reliability and 1s used in a
heat-resistant member for use 1n aircraft engine, generator gas
turbine, or the like, particularly used in a turbine disk, a
turbine blade, or the like.

1. A heat-resistant superalloy having chromium, alumi-
num, cobalt, titanium, and ruthenium added thereto as main

components, and having a subcomponent(s) optionally added
thereto, the remainder, excluding the main components and

the subcomponent(s), comprising nickel and an impurity
inevitably contained,

the heat-resistant superalloy being characterized in that:

the amount of the chromium added 1s 2 to 25% by mass,

the amount of the aluminum added 1s 0.2 to 7% by mass,

the amount of the cobalt added 1s 19.5 to 55% by mass,

the amount of the titanium added 1s [0.17x(% by mass for
cobalt-23)+3] to [0.17x(% by mass for cobalt—-20)+7]
% by mass (with the proviso that the amount of the
titanium added 1s 5.1% by mass or more), and

the amount of the ruthenium added 1s 0.1 to 10% by mass.

2. The heat-resistant superalloy according to claim 1, char-
acterized in that the amount of the titantum added 1s [0.17x(%
by mass for cobalt-23)+3] to [0.17x(% by mass for cobalt—
20)+7]% by mass (with the proviso that the amount of the
titanium added 1s 5.3 to 11% by mass), and at least one of
molybdenum and tungsten 1s added as the subcomponent,

wherein the amount of the molybdenum added 1s 5% by

mass or less, and the amount of the tungsten added 1s 5%
by mass or less.

3. The heat-resistant superalloy according to claim 1, char-
acterized 1n that at least one of zirconium, carbon, and boron
1s added as the subcomponent,

wherein the amount of the zirconium added 1s 0.01 t0 0.2%

by mass,

the amount of the carbon added 15 0.01 to 0.15% by mass,

and

the amount of the boron added 1s 0.005 to 0.1% by mass.

4. The heat-resistant superalloy according to claim 1, char-
acterized 1n that at least one of molybdenum and tungsten and
at least one of zirconium, carbon, and boron are added as the
subcomponents,
wherein the amount of the molybdenum added 1s 5% by

mass or less,
the amount of the tungsten added 1s 5% by mass or less,
the amount of the zirconium added 15 0.01 to 0.2% by mass,

the amount of the carbon added 1s 0.01 to 0.15% by mass,
and

the amount of the boron added 1s 0.005 to 0.1% by mass.

5. The heat-resistant superalloy according to claim 1, char-
acterized 1n that at least one of molybdenum and tungsten, at
least one of tantalum and niobium, and at least one of zirco-
nium, carbon, and boron are added as the subcomponents,

wherein the amount of the molybdenum added 1s 5% by
mass or less,

the amount of the tungsten added 1s 5% by mass or less,

the amount of the tantalum added 1s 2% by mass or less,

the amount of the niobium added 1s 2% by mass or less,

the amount of the zirconium added 15 0.01 to 0.2% by mass,

the amount of the carbon added 1s 0.01 to 0.15% by mass,
and

the amount of the boron added 1s 0.005 to 0.1% by mass.

6. The heat-resistant superalloy according to any one of
claims 1 to 5 claim 1, characterized 1n that the amount of the

cobalt added 1s 23.1 to 55% by mass.




US 2012/0279351 Al

7. The heat-resistant superalloy according to claim 1, char-
acterized in that the amount of the titantum added 1s [0.17x(%

by mass for cobalt-23)+3] to [0.17x(% by mass for cobalt—
20)+7] % by mass (with the proviso that the amount of the
titanium added 1s 5.1 to 11% by mass).

8. The heat-resistant superalloy according to claim 1, char-
acterized in that the amount of the ruthenium added 1s 0.1 to
7% by mass.

9. The heat-resistant superalloy according to claim 1, char-
acterized in that the amount of the titantum added 1s [0.17x(%
by mass for cobalt-23)+3] to [0.17x(% by mass for cobalt—
20)+7] % by mass (with the proviso that the amount of the
titanium added 1s 5.3 to 10% by mass), and the amount of the

ruthentum added 1s 0.1 to 5% by mass.
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10. The heat-resistant superalloy according to claim 3,
characterized 1n that the amount of the zirconium added 1s

0.01 t0 0.15% by mass, the amount of the carbon added 1s 0.01
to 0.1% by mass, and the amount of the boron added 1s 0.005
to 0.05% by mass.

11. The heat-resistant superalloy according to claim 1,
characterized by containing no 1 phase 1n the alloy phase.

12. A heat-resistant superalloy member characterized in
that the member 1s produced from the heat-resistant superal-
loy according to claim 1 by at least one of casting, forging,
and powder metallurgy.

S e ke e e
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