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DIE-CASTABLE NICKEL BASED SUPERALLQOY COMPOSITION

BACKGROUND

[0001] The present disclosure relates to nickel based rallpgs and, more
particularly, to readily castable nickel based salp@ys for gas turbine engine components.

[0002] Gas turbine engines typically include a compresssmtion to pressurize
airflow, a combustor section to burn a hydrocarhgei in the presence of the pressurized air,
and a turbine section to extract energy from theultant combustion gases. Gas path
components, often include cooling airflows such eagernal film cooling, internal air
impingement, and forced convection, either sepbrata in combination to continuously
remove thermal energy.

[0003] The gas path components, such as nozzles (statioaaes) and buckets
(rotating blades), are typically formed of staislegeel, nickel, and cobalt-base alloys that
exhibit desirable mechanical and thermal propertidickel based superalloys are of high
strength, about 1500 MPa, and increased temperafyability, such as above 700C. These
Nickel Base Superalloys (IN100) are investmentezhsind are not readily castable via a die

casting process as the IN100 alloy breaks apart.
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SUMMARY

[0004] A die-cast nickel based superalloy according to diselosed non-limiting
embodiment of the present disclosure includes 3-Powlungsten (W), 3-7 wt % Tantalum
(Ta), and 0.5-3.0 wt % Aluminum (Al).

[0005] A further embodiment of the present disclosureudek, wherein the 3-7 wt
% Tungsten (W) includes 4.5-5.5 wt % Tungsten (W).

[0006] A further embodiment of any of the foregoing emiooeints of the present
disclosure includes, wherein the 4.5-5.5 wt % Tlamg(Ta) includes 3-7 wt % Tantalum (Ta).

[0007] A further embodiment of any of the foregoing emiooeints of the present
disclosure includes 0.15-0.2 wt % Carbon (C)..

[0008] A further embodiment of any of the foregoing emiooeints of the present
disclosure includes 8.0-11.0 wt % Chromium (Cr).

[0009] A further embodiment of any of the foregoing emiooeints of the present
disclosure includes 13.0-17.0 wt % Cobalt (Co).

[0010] A further embodiment of any of the foregoing emiooeints of the present
disclosure includes 2.0-4.0 wt % Molybdenum (Mo)

[0011] A further embodiment of any of the foregoing emiooeints of the present
disclosure includes 3.0-5.0 wt % Titanium (Ti).

[0012] A further embodiment of any of the foregoing emiooeints of the present
disclosure includes 0.15-0.2 wt % Carbon (C), 04@12% Manganese (Mn), 0-0.2 wt %

Silicon (Si), 0-0.015 wt % Phosphorus (P), 0-0.0&%% Sulfur (S), 8.0-11.0 wt % Chromium
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(Cr), 13.0-17.0 wt % Cobalt (Co), 2.0-4.0 wt % Modenum (Mo), 3.0-5.0 wt % Titanium
(Ti), 0.01-0.02 wt % Boron (B), 0.7-1.2 wt % Vanaut (V), 0.03-0.09 Zirconium (Zr), 0-0.30
wt % Iron (Fe), and the balance Nickel (Ni) plusidental impurities.

[0013] A further embodiment of any of the foregoing emiooeints of the present
disclosure includes 0.15-0.2 wt % Carbon (C), 04@12% Manganese (Mn), 0-0.2 wt %
Silicon (Si), 0-0.015 wt % Phosphorus (P), 0-0.0&%% Sulfur (S), 8.0-11.0 wt % Chromium
(Cr), 13.0-17.0 wt % Cobalt (Co), 2.0-4.0 wt % Madenum (Mo), 3.0-5.0 wt % Titanium
(Ti), 0.01-0.02 wt % Boron (B), 0.7-1.2 wt % Vanaut (V), 0.03-0.09 Zirconium (Zr), 0-0.30
wt % Iron (Fe), 0-0.00003 wt % Bismuth (Bi), 0-0080wt % Lead (Pb), 0-0.00005 wt %
Selenium (Se), 0-0.00005 wt % Tellurium (Te), 06@O5 wt % Thallium (Tl) and the balance
Nickel (Ni) plus incidental impurities.

[0014] A further embodiment of any of the foregoing emiooeints of the present
disclosure includes a die-cast nickel based supgral

[0015] A further embodiment of any of the foregoing emiooeints of the present
disclosure includes a die-cast nickel based supgral

[0016] A further embodiment of any of the foregoing emiooeints of the present
disclosure includes a die-cast nickel based supgrédie cast at a cooling rate on the order of
at least equal 10"2 degree F per second.

[0017] A further embodiment of any of the foregoing emiooeints of the present

disclosure includes, wherein an average grantsatds ASTM 3 or smaller.
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[0018] A further embodiment of any of the foregoing emiooeints of the present
disclosure includes, wherein a degree of elemesggregation is lower than investment
casting.

[0019] A nickel based superalloy A further embodiment leé present disclosure
includes 0.15-0.2 wt % Carbon (C), 0-0.2 wt % Marege (Mn), 0-0.2 wt % Silicon (Si), O-
0.015 wt % Phosphorus (P), 0-0.015 wt % Sulfur 83);11.0 wt % Chromium (Cr), 13.0-17.0
wt % Cobalt (Co), 2.0-4.0 wt % Molybdenum (Mo), 4% wt % Tungsten (W), 4.5-5.5 wt %
Tantalum (Ta), 0.5-3.0 wt % Aluminum (Al), 3.0-5\& % Titanium (Ti), 0.01-0.02 wt %
Boron (B), 0.7-1.2 wt % Vanadium (V), 0.03-0.09 &inium (Zr), 0-0.30 wt % Iron (Fe), O-
0.00003 wt % Bismuth (Bi), 0-0.0005 wt % Lead (P®)0.00005 wt % Selenium (Se), 0-
0.00005 wt % Tellurium (Te), 0-0.00005 wt % ThatiyTl) and the balance Nickel (Ni) plus
incidental impurities.

[0020] A further embodiment of any of the foregoing emiooeints of the present
disclosure includes gas turbine engine rotor btedenickel based superalloy.

[0021] A further embodiment of any of the foregoing emiooeints of the present
disclosure includes a die-cast nickel based supgrédie cast at a cooling rate on the order of
at least equal 10"2 degree F per second.

[0022] A gas turbine engine rotor blade A further emboditmef the present
disclosure includes a die cast nickel based supgriacluding a 0.15-0.2 wt % Carbon (C), O-
0.2 wt % Manganese (Mn), 0-0.2 wt % Silicon (81).015 wt % Phosphorus (P), 0-0.015 wt
% Sulfur (S), 8.0-11.0 wt % Chromium (Cr), 13.047%vt % Cobalt (Co), 2.0-4.0 wt %

Molybdenum (Mo), 4.5-5.5 wt % Tungsten (W), 4.5-5%6 % Tantalum (Ta), 0.5-3.0 wt %
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Aluminum (Al), 3.0-5.0 wt % Titanium (Ti), 0.01-®0wt % Boron (B), 0.7-1.2 wt %
Vanadium (V), 0.03-0.09 Zirconium (Zr), 0-0.30 wt Fon (Fe), 0-0.00003 wt % Bismuth
(Bi), 0-0.0005 wt % Lead (Pb), 0-0.00005 wt % Silem (Se), 0-0.00005 wt % Tellurium
(Te), 0-0.00005 wt % Thallium (TI) and the balamiekel (Ni) plus incidental impurities.

[0023] A further embodiment of any of the foregoing emiooeints of the present
disclosure includes a die-cast nickel based supgrdie cast at a cooling rate on the order of
at least equal 10”2 degree F per second.

[0024] The foregoing features and elements may be combimedvarious
combinations without exclusivity, unless expressigicated otherwise. These features and
elements as well as the operation of the inventidhbecome more apparent in light of the
following description and the accompanying drawindsshould be understood, however, the

following description and drawings are intendeté¢oexemplary in nature and non-limiting.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] Various features will become apparent to thosdeskiin the art from the
following detailed description of the disclosed Aoniting embodiment. The drawings that
accompany the detailed description can be briefgcdbed as follows:

[0026] Figure 1 is a schematic cross-section of an exargpk turbine engine
architecture;

[0027] Figure 2 is a schematic cross-section of anothemgie gas turbine engine

architecture;
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[0028] Figure 3 is an enlarged schematic cross-secti@m &ngine turbine section;
and
[0029] Figure 4 is an exploded view of rotor assembly vaithingle representative

turbine blade manufactured of a die castable NiBlesle Superalloy.

DETAILED DESCRIPTION

[0030] Figure 1 schematically illustrates a gas turbingirem 20. The gas turbine
engine 20 is disclosed herein as a two-spool téabhdhat generally incorporates a fan section
22, a compressor section 24, a combustor sectioand@6a turbine section 28. Alternative
engine architectures 200 might include an augmesgotion 12, an exhaust duct section 14
and a nozzle section 16 (Figure 2) among otheesysbr features. The fan section 22 drives
air along a bypass flowpath add into the compressction 24 along a core flowpath, for
compression and communication into the combustoticse 26, then expansion through the
turbine section 28. Although depicted as a turbafiethe disclosed non-limiting embodiment,
it should be appreciated that the concepts desthbeein are not limited to use with turbofans
as the teachings may be applied to other typesrbine engine architectures such as turbojets,
turboshafts, and three-spool (plus fan) turbofans.

[0031] The engine 20 generally includes a low spool 30 anbdigh spool 32
mounted for rotation about an engine central lajital axis A relative to an engine case
structure 36 via several bearing compartments BBe low spool 30 generally includes an
inner shaft 40 that interconnects a fan 42, a loesgure compressor (“LPC”) 44 and a low

pressure turbine (“LPT”) 46. The inner shaft 4/els the fan 42 directly or through a geared
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architecture 48 to drive the fan 42 at a lower dpgdan the low spool 30. The high spool 32
includes an outer shaft 50 that interconnects h prgssure compressor (“HPC”) 52 and a high
pressure turbine (“HPT”) 54. A combustor 56 isaaged between the HPC 52 and the HPT
54.

[0032] The core airflow is compressed by the LPC 44, tthenHPC 52, mixed
with the fuel and burned in the combustor 56, teepanded over the HPT 54 and the LPT 46,
to rotationally drive the respective low spool 3Adahigh spool 32 in response to the
expansion.

[0033] With reference to Figure 3, an enlarged schemagw wf a portion of the
HPT 54 is shown by way of example; however, othegire sections will also benefit
herefrom. A full ring shroud assembly 60 mountiedhe engine case structure 36 supports a
Blade Outer Air Seal (BOAS) assembly 62 with a ipidt of circumferentially distributed
BOAS 64 proximate to a rotor assembly 66 (one settieaily shown).

[0034] The full ring shroud assembly 60 and the BOAS abberd2 are axially
disposed between a forward stationary vane ringa68,an aft stationary vane ring 70. Each
vane ring 68, 70, includes an array of vanes 72h@dextend between a respective inner vane
platform 76, 78, and an outer vane platform 80, 8he outer vane platforms 80, 82 are
attached to the engine case structure 36.

[0035] The rotor assembly 66 includes an array of bladesci8cumferentially
disposed around a disk 86. Each blade 84 inclade®t 88, a platform 90 and an airfoil 92
(also shown in Figure 4). The blade roots 88 aoeived within a rim 94 of the disk 86 and

the airfoils 92 extend radially outward such thatpa96 of each airfoil 92 is adjacent to the
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blade outer air seal (BOAS) assembly 62. The @iatfO0 separates a gas path side inclusive
of the airfoil 92, and a non-gas path side inclesi¥the root 88.

[0036] The blades 84 are commonly manufactured of a nibkskd Superalloy,
such as IN100 alloy. IN100, however, is not maotufiable via a die casting process as the
IN100 alloy breaks apart due to the formation dfexely fine gamma prime precipitates with
high volume fraction due to the high cooling raéssociated with die casting which provides
higher cooling rates than investment casting. e example die casting provide cooling rates
on the order of at least equal 1072 degree F pmnse The inventors have determined that
therelatively high content of aluminum is aprimaguse of these castability issues. The nickel
based superalloy according to one disclosed nomitignembodiment, provides an average
gran size that is very fine e.g. ASTM 3 or smalkerd the degree of elemental segregation is
significantly lower than investment casting due higher cooling rate in the die casting
process. The nickel based superalloy eliminategptiential for cracking when die-cast. This
nickel based superalloy contains a relatively lodferminum wt % than that of IN100 as well
as 3-7 wt % Tungsten (W), and 3-7 wt % Tantalum),(Taprovide a readily die castable alloy
without loss of mechanical properties capabilityThe tungsten and tantalum provide
strengthening through solid solution, precipitatiand carbide formation mechanisms to
compensate for the loss in strength from lower @um content in the alloy composition. The
tungsten forms solid solution with the nickel ansbaforms MC, M23C6 and M6C carbides
(where M is the metal). The tantalum forms solidugon with nickel and also forms MC
carbides in the alloy composition. The tantaluno ateproves creep strength. The tantalum

facilitates precipitation strengthening through gaemprime formation where these elements
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can be substituted for aluminum. In addition, leigtitanium content in the alloy composition
also provides larger volume fraction of gamma priorestrengthening.

[0037] The nickel based superalloy according to one dssdo non-limiting
embodiment contains a relatively lower wt % Alurmmusuch as 0.5-3.0 wt %, a higher wt %
Tungsten, such as 3-7 wt % Tungsten, and a highé&t wantalum (Ta), such as 3-7 wt %
Tantalum (Ta), as compared to that of IN100 thatuides 5-6 wt % Aluminum, with no
Tungsten and no Tantalum.

[0038] EXAMPLE

[0039] An example of the nickel based superalloy accordinthe disclosed non-
limiting embodiment, consists of 0.15-0.2 wt % CGarl{C), 0-0.2 wt % Manganese (Mn), O-
0.2 wt % Silicon (Si), 0-0.015 wt % Phosphorus ®J.015 wt % Sulfur (S), 8.0-11.0 wt %
Chromium (Cr), 13.0-17.0 wt % Cobalt (Co), 2.0-«0% Molybdenum (Mo), 4.5-5.5 wt %
Tungsten (W), 4.5-5.5 wt % Tantalum (Ta), 0.5-3.0 % Aluminum (Al), 3.0-5.0 wt %
Titanium (Ti), 0.01-0.02 wt % Boron (B), 0.7-1.2 ¥ Vanadium (V), 0.03-0.09 Zirconium
(Zr), 0-0.30 wt % Iron (Fe), 0-0.00003 wt % Bismufi), 0-0.0005 wt % Lead (Pb), O-
0.00005 wt % Selenium (Se), 0-0.00005 wt % Tellri(Te), 0-0.00005 wt % Thallium (TI)
and the balance Nickel (Ni) plus incidental impiest

[0040] It should be appreciated that at least the 0-0.80@0% Bismuth (Bi), O-
0.0005 wt % Lead (Pb), 0-0.00005 wt % Selenium ,(8€).00005 wt % Tellurium (Te), O-
0.00005 wt % Thallium (Tl) are acceptable impustie

[0041] The disclosed nickel based superalloy is readibt ve die casting and has

been demonstrated good quality without cracking. adldition, the disclosed nickel based
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superalloy composition has provided at least edemtaor better tensile properties than IN100
alloy. Example components, thus formulated andgssed as described above are readily die-
cast and exhibit a desirable combination of yieklersyth, stress rupture properties,
environmental resistance, microstructural stabgityl cost well suited for gas turbine engine
applications.

[0042] The use of the terms "a," "an,"” "the,” and simikfierences in the context of
description (especially in the context of the fallng claims) are to be construed to cover both
the singular and the plural, unless otherwise mgid herein or specifically contradicted by
context. The modifier "about" used in connectiothva quantity is inclusive of the stated
value and has the meaning dictated by the context,(it includes the degree of error
associated with measurement of the particular ayantAll ranges disclosed herein are
inclusive of the endpoints, and the endpoints mdependently combinable with each other.

[0043] Although the different non-limiting embodiments kaspecific illustrated
components, the embodiments of this invention aot hmited to those particular
combinations. It is possible to use some of thmpmments or features from any of the non-
limiting embodiments in combination with featurascomponents from any of the other non-
limiting embodiments.

[0044] It should be appreciated that like reference nulsedantify corresponding
or similar elements throughout the several drawiitgghould also be appreciated that although
a particular component arrangement is disclosedthm illustrated embodiment, other

arrangements will benefit herefrom.
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[0045] Although particular step sequences are shown, ibesicrand claimed, it
should be understood that steps may be performadyirorder, separated or combined unless
otherwise indicated and will still benefit from theesent disclosure.

[0046] The foregoing description is exemplary rather thdefined by the
limitations within. Various non-limiting embodimenare disclosed herein, however, one of
ordinary skill in the art would recognize that wars modifications and variations in light of
the above teachings will fall within the scope bé tappended claims. It is therefore to be
understood that within the scope of the appendadsl the disclosure may be practiced other
than as specifically described. For that reasan appended claims should be studied to

determine true scope and content.
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CLAIMS

What is claimed is:

1. A die-cast nickel based superalloy comprising:

3-7 wt % Tungsten (W), 3-7 wt % Tantalum (Ta), @-3.0 wt % Aluminum (Al).

2. The die-cast nickel based superalloy as reaitexdhim 1, wherein said 3-7 wt %

Tungsten (W) includes 4.5-5.5 wt % Tungsten (W).

3. The die-cast nickel based superalloy as reaitethim 1, wherein said 4.5-5.5 wt

% Tantalum (Ta) includes 3-7 wt % Tantalum (Ta).

4. The die-cast nickel based superalloy as recditedaim 1, further comprising:

0.15-0.2 wt % Carbon (C).

5. The die-cast nickel based superalloy as reaitethim 1, further comprising: 8.0-

11.0 wt % Chromium (Cr).

6. The die-cast nickel based superalloy as recditedaim 1, further comprising:

13.0-17.0 wt % Cobalt (Co).

-12-
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7. The die-cast nickel based superalloy as reaitethim 1, further comprising: 2.0-

4.0 wt % Molybdenum (Mo)

8. The die-cast nickel based superalloy as reaitethim 1, further comprising: 3.0-

5.0 wt % Titanium (Ti).

9. The die-cast nickel based superalloy as recgitedaim 1, further comprising:
0.15-0.2 wt % Carbon (C), 0-0.2 wt % Manganese (MF).2 wt % Silicon (Si), 0-0.015 wt %
Phosphorus (P), 0-0.015 wt % Sulfur (S), 8.0-11t@Chromium (Cr), 13.0-17.0 wt % Cobalt
(Co), 2.0-4.0 wt % Molybdenum (Mo), 3.0-5.0 wt %arium (Ti), 0.01-0.02 wt % Boron (B),
0.7-1.2 wt % Vanadium (V), 0.03-0.09 Zirconium (Z0)}0.30 wt % Iron (Fe), and the balance

Nickel (Ni) plus incidental impurities.

10.  The die-cast nickel based superalloy as recitedaim 1, further comprising:
0.15-0.2 wt % Carbon (C), 0-0.2 wt % Manganese (Mr).2 wt % Silicon (Si), 0-0.015 wt %
Phosphorus (P), 0-0.015 wt % Sulfur (S), 8.0-11t@mChromium (Cr), 13.0-17.0 wt % Cobalt
(Co), 2.0-4.0 wt % Molybdenum (Mo), 3.0-5.0 wt %aium (Ti), 0.01-0.02 wt % Boron (B),
0.7-1.2 wt % Vanadium (V), 0.03-0.09 Zirconium (Z0}0.30 wt % Iron (Fe), 0-0.00003 wt %
Bismuth (Bi), 0-0.0005 wt % Lead (Pb), 0-0.00005 %t Selenium (Se), 0-0.00005 wt %
Tellurium (Te), 0-0.00005 wt % Thallium (Tl) andetthalance Nickel (Ni) plus incidental

impurities.
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11. A gas turbine engine component comprising ecds nickel based superalloy as

claimed in claim 1.

12. A gas turbine engine rotor blade comprisingeacdst nickel based superalloy as

5 claimed in claim 1.

13. A gas turbine engine component comprising ecdg nickel based superalloy as
claimed in claim 1, said die-cast nickel based malfmy die cast at a cooling rate on the order of
at least equal 10”2 degree F per second.

10

14.  The die-cast nickel based superalloy as regitethim 13, wherein an average

gran size that is ASTM 3 or smaller.

15. The die-cast nickel based superalloy as reaitethim 13, wherein a degree of

15 elemental segregation is lower than investmentragst

16. A nickel based superalloy consisting of:
0.15-0.2 wt % Carbon (C), 0-0.2 wt % Manganese (MA).2 wt % Silicon (Si), O-
20 0.015 wt % Phosphorus (P), 0-0.015 wt % Sulfur 83);11.0 wt % Chromium
(Cr), 13.0-17.0 wt % Cobalt (Co), 2.0-4.0 wt % Motkenum (Mo), 4.5-5.5 wt %
Tungsten (W), 4.5-5.5 wt % Tantalum (Ta), 0.5-3t®&vAluminum (Al), 3.0-5.0
wt % Titanium (Ti), 0.01-0.02 wt % Boron (B), 0.721wt % Vanadium (V),

0.03-0.09 Zirconium (Zr), 0-0.30 wt % Iron (Fe)0®0003 wt % Bismuth (Bi),

14



0-0.0005 wt % Lead (Pb), 0-0.00005 wt % Seleniura),(®-0.00005 wt %

Tellurium (Te), 0-0.00005 wt % Thallium (TI) andetlbalance Nickel (Ni) plus

incidental impurities.

5 17. A gas turbine engine rotor blade comprisingcieai based superalloy as claimed

in claim 14.

18. A gas turbine engine rotor blade comprisingeacdst nickel based superalloy as
claimed in claim 8, said die-cast nickel based malfmy die cast at a cooling rate on the order of

10 atleast equal 10”2 degree F per second.

19. A gas turbine engine rotor blade, comprising:
a die cast nickel based superalloy including a @.25wt % Carbon (C), 0-0.2 wt %
15 Manganese (Mn), 0-0.2 wt % Silicon (Si), 0-0.015%Phosphorus (P), 0-0.015
wt % Sulfur (S), 8.0-11.0 wt % Chromium (Cr), 13.0:0 wt % Cobalt (Co), 2.0-
4.0 wt % Molybdenum (Mo), 4.5-5.5 wt % Tungsten (W)-5.5 wt % Tantalum
(Ta), 0.5-3.0 wt % Aluminum (Al), 3.0-5.0 wt % Titeum (Ti), 0.01-0.02 wt %
Boron (B), 0.7-1.2 wt % Vanadium (V), 0.03-0.09 &tinium (Zr), 0-0.30 wt %
20 Iron (Fe), 0-0.00003 wt % Bismuth (Bi), 0-0.0005%tLead (Pb), 0-0.00005 wt
% Selenium (Se), 0-0.00005 wt % Tellurium (Te),.00005 wt % Thallium (TI)

and the balance Nickel (Ni) plus incidental impiest
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20. A gas turbine engine rotor blade as recitedamm 19, said die-cast nickel based

superalloy die cast at a cooling rate on the coflet least equal 102 degree F per second.
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