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(57) ABSTRACT 
A nickel-based super alloy includes, by weight, about 1.5% to 
about 5.5% chromium, about 8% to about 12% aluminum, 
about 4% to about 8% tantalum, about 1.5% to about 5.5% 
tungsten, less than about 1% of one or more of elements 
selected from a group consisting of carbon, boron, Zirconium, 
yttrium, hafnium, and silicon, and a balance of nickel. 
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NICKEL-BASED SUPERALLOYS FOR USE 
ONTURBINE BLADES 

TECHNICAL FIELD 

0001. The inventive subject matter generally relates to 
turbine engine components, and more particularly relates to 
nickel-based Superalloys for manufacturing turbine engine 
components, such as turbine blades. 

BACKGROUND 

0002 Turbine engines are used as the primary power 
Source for various kinds of aircraft. The engines may also 
serve as auxiliary power sources that drive air compressors, 
hydraulic pumps, and industrial electrical power generators. 
Most turbine engines generally follow the same basic power 
generation procedure. Compressed air is mixed with fuel and 
burned, and the expanding hot combustion gases are directed 
against stationary turbine Vanes in the engine. The Vanes turn 
the high Velocity gas flow partially sideways to impinge onto 
turbine blades mounted on a rotatable turbine disk. The force 
of the impinging gas causes the turbine disk to spin at high 
speed. Jet propulsion engines use the power created by the 
rotating turbine disk to draw more air into the engine, and the 
high Velocity combustion gas is passed out of the gas turbine 
aft end to create forward thrust. Turbine engines are also used 
to drive one or more propellers, electrical generators, or other 
devices. 

0003 Turbine engine blades and vanes are fabricated from 
high temperature materials such as nickel-based Superalloys. 
Although nickel-based Superalloys have good high tempera 
ture properties and many other advantages, they may be sus 
ceptible to corrosion, oxidation, thermal fatigue, and erosion 
damage in the harsh environment of an operating turbine 
engine. These limitations may be undesirable as there is a 
constant drive to increase engine operating temperatures in 
order to increase fuel efficiency and to reduce emission. 
Replacing damaged turbine engine components made from 
nickel-based Superalloys may be relatively expensive. Hence, 
significant research is being performed to find cost-effective 
ways to improve the temperature properties of these compo 
nentS. 

0004. Accordingly, there is a need for methods and mate 
rials for improving turbine engine components such as tur 
bine blades and vanes. There is a particular need for environ 
ment-resistant materials that will improve a turbine 
components durability. Furthermore, other desirable fea 
tures and characteristics of the inventive subject matter will 
become apparent from the Subsequent detailed description of 
the inventive Subject matter and the appended claims, taken in 
conjunction with the accompanying drawings and this back 
ground of the inventive subject matter. 

BRIEF SUMMARY 

0005 Nickel-based superalloys, turbine blades, and meth 
ods of manufacturing turbine blades are provided. 
0006. In an embodiment, by way of example only, a 
nickel-based super alloy includes, by weight, about 1.5% to 
about 5.5% chromium, about 8% to about 12% aluminum, 
about 4% to about 8% tantalum, about 1.5% to about 5.5% 
tungsten, less than about 1% of one or more of elements 
selected from a group consisting of carbon, boron, Zirconium, 
yttrium, hafnium, and silicon, and a balance of nickel. 
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0007. In another embodiment, by way of example only, a 
nickel-based super alloy includes, by weight, about 1.5% to 
about 5.5% chromium, about 8% to about 12% aluminum, 
about 4% to about 8% tantalum, about 1.5% to about 5.5% 
tungsten, less than about 1% total combined weight of each of 
the following elements: carbon, boron, Zirconium, yttrium, 
hafnium, and silicon, wherein each of the said elements is 
present in an amount greater than 0.01%, and a balance of 
nickel. 
0008. In still another embodiment, by way of example 
only, a method of manufacturing a turbine blade includes 
applying a nickel-based Superalloy over an area of the blade, 
the nickel-based-superalloy including, by weight, about 1.5% 
to about 5.5% chromium, about 8% to about 12% aluminum, 
about 4% to about 8% tantalum, about 1.5% to about 5.5% 
tungsten, less than about 1% of one or more of elements 
selected from a group consisting of carbon, boron, Zirconium, 
yttrium, hafnium, and silicon, and a balance of nickel. 
0009. This summary is provided to introduce a selection of 
concepts in a simplified form that are further described below 
in the detailed description. This summary is not intended to 
identify key features or essential features of the claimed sub 
ject matter, nor is it intended to be used as an aid in determin 
ing the scope of the claimed Subject matter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

(0010. The inventive subject matter will hereinafter be 
described in conjunction with the following drawing figures, 
wherein like numerals denote like elements, and 
0011 FIG. 1 is a perspective view of a turbine engine 
component, according to an embodiment; 
0012 FIG. 2 is a cross-sectional view of a portion of a 
turbine engine component, according to an embodiment; 
0013 FIG. 3 is a cross-sectional view of a protective coat 
ing system that may be included over a turbine engine com 
ponent, according to an embodiment; and 
0014 FIG. 4 is flow diagram of a method of manufacturing 
a turbine engine component, according to an embodiment. 

DETAILED DESCRIPTION 

0015 The following detailed description is merely exem 
plary in nature and is not intended to limit the invention or the 
application and uses of the invention. As used herein, the 
word “exemplary' means 'serving as an example, instance, 
or illustration.” Thus, any embodiment described herein as 
“exemplary” is not necessarily to be construed as preferred or 
advantageous over other embodiments. Furthermore, as used 
herein, numerical ordinals such as “first,” “second,” “third, 
etc., Such as first, second, and third components, simply 
denote different singles of a plurality unless specifically 
defined by language in the appended claims. All of the 
embodiments and implementations of the stator airfoil 
assemblies and methods for the manufacture thereof 
described herein are exemplary embodiments provided to 
enable persons skilled in the art to make or use the invention 
and not to limit the scope of the invention, which is defined by 
the claims. Furthermore, there is no intention to be bound by 
any expressed or implied theory presented in the preceding 
technical field, background, brief Summary, or the following 
detailed description. 
0016. An improved, nickel-based superalloy is provided 
that has Superior elevated-temperature properties over those 
of conventional Superalloys. In an embodiment, the nickel 
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based Superalloy has improved oxidation-resistance when 
exposed to engine operating temperatures, such as turbine 
inlet temperatures greater than about 2200°F. (1205° C.). In 
an example, the nickel-based Superalloy may have improved 
properties, such as resistance to creep, oxidation, thermal 
fatigue, and other hazards when used for high pressure tur 
bine (HPT) components such as turbine blades and vanes. 
0017 FIG. 1 is a perspective view of a turbine engine 
component 150, according to an embodiment. Here, the tur 
bine engine component 150 is shown as a turbine blade. 
However, in other embodiments, the turbine engine compo 
nent 150 may be a turbine vane or other component that may 
be implemented in a gas turbine engine, or other high-tem 
perature system. In an embodiment, the turbine engine com 
ponent 150 may include an airfoil 152 that includes a pressure 
side surface 153, an attachment portion 154, a leading edge 
158 including a blade tip 155, and/or a platform 156. In 
accordance with an embodiment, the turbine engine compo 
nent 150 may be formed with a non-illustrated outer shroud 
attached to the tip 155. The turbine engine component 150 
may have non-illustrated internal air-cooling passages that 
remove heat from the turbine airfoil. After the internal air has 
absorbed heat from the blade, the air is discharged into a hot 
gas flow path through passages 159 in the airfoil wall. 
Although the turbine engine component 150 is illustrated as 
including certain parts and having a particular shape and 
dimension, different shapes, dimensions and sizes may be 
alternatively employed depending on particular gas turbine 
engine models and particular applications. 
0018 FIG. 2 is a cross-sectional view of a portion of an 
improved turbine engine component 200, according to an 
embodiment. The portion may be included on the tip of a 
blade, in an embodiment. In another embodiment, the portion 
may be included on the blade platform. In any case, the 
turbine engine component 200 may include a base material 
202 and an enhanced portion 204 comprised of the improved, 
nickel-based Superalloy. Though a dotted line is shown 
between the base material 202 and the enhanced portion 204, 
it will be appreciated that in an embodiment, an interface 
between the alloys of the base material 202 and the enhanced 
portion 204 may be seamless and may be a metallurgical 
bonding or a metallurgical interface. In some embodiments, 
as shown in phantom, a protective coating system 210 may 
optionally be deposited over the turbine engine component 
2OO. 

0019. In an embodiment, the base material 202 comprises 
a first nickel-based superalloy. For example, the first nickel 
based Superalloy may be selected from a high performance 
nickel-based superalloy, including, but not limited to IN792, 
C101, MarM247, Rene80, Rene 125, ReneN5, SC 180, 
CMSX 4, and PWA1484. The base material 202 may have a 
single crystal microstructure, in an embodiment. In other 
embodiments, the base material 202 may comprise a direc 
tionally solidified or an equiaxed microstructure. 
0020. The enhanced portion 204 includes a second nickel 
based Superalloy having a composition that may or may not 
be different than the composition of the first nickel-based 
Superalloy. Generally, in an embodiment, the second nickel 
based Superalloy includes elements selected from nickel, 
chromium, aluminum, tantalum, hafnium, silicon, and 
yttrium. In other embodiments, in addition to the previously 
mentioned elements, the second nickel-based Superalloy may 
include one or more elements selected from carbon, boron, 
and Zirconium. In yet another embodiment, the nickel-based 
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Superalloy further may include tungsten. In still another 
embodiment, the nickel-based Superalloy may include inci 
dental impurities (e.g., trace amounts of additional elements 
that are not intentionally included in the composition), but 
does not include other elements other than those listed previ 
ously. 
0021. In accordance with an embodiment, the second 
nickel-based superalloy includes, by weight, about 1.5% to 
about 5.5% chromium, about 8% to about 12% aluminum, 
about 4% to about 8% tantalum, about 0.05% to about 0.25% 
hafnium, about 0.01% to about 0.05% yttrium, about 0.1% to 
about 0.5% silicon, about 1.5% to about 5.5% tungsten, and a 
balance of nickel. In still another embodiment, the second 
nickel-based Superalloy optionally or additionally may 
include, by weight, up to about 0.1% carbon (in an amount 
greater than about 0.01%). In still yet another embodiment, 
the second nickel-based Superalloy optionally or additionally 
may include, by weight, up to about 0.1% zirconium (in an 
amount greater than about 0.01%). In still yet another 
embodiment, the second nickel-based Superalloy optionally 
or additionally may include, by weight, up to about 0.1% 
boron (in an amount greater than about 0.01%). 
0022 Chromium is included to enhance the alloy's oxida 
tion resistance. Inclusion of aluminum promotes formation of 
a gamma prime strengthening phase and formation of a pro 
tective aluminum oxide layer on a Surface of the enhanced 
portion 204. The protective oxide layer protects the outer 
Surface of the enhanced portion 204 against oxidation. Tan 
talum may partition into gamma prime phase (e.g., segregate 
into particles within a gamma matrix of the Superalloy) to 
improve the elevated-temperature creep and fatigue resis 
tance properties of the nickel-based Superalloy. This compo 
sition produces a single phase gamma prime (NiAl) phase 
that is strengthened with W and Ta to resist creep. The gamma 
prime phase has a lower coefficient of thermal expansion than 
the blade alloys which are a composite of gamma and gamma 
prime phases. The aluminum concentration at about 8 wt % to 
about 12 wt % is much higher than the substrate, and in 
combination with the other elements, will form only the 
gamma prime phase. In addition the higher aluminum content 
produces a superior thermally grown oxide (TGO) dominated 
by Al-O. Elemental additions such a Zr, Y. Hfand Si are also 
known to improve the thermal cyclic resistance of the TGO. 
Further, although the strengthening elements W and Ta have 
previously been known in the art to be detrimental to the 
TGO, it has been found unexpectedly by the inventor herein 
that they are much less detrimental than the combination of 
elements use in known blade alloys. 
0023. Further, hafnium, yttrium, zirconium, and rare earth 
elements may improve adhesion of the protective oxide layer 
to the enhanced portion 204. Specifically, the hafnium atoms 
of the nickel-based Superalloy may diffuse into grain bound 
aries of the aluminum oxide scale that thermally grows very 
slowly on the surface the nickel-based superalloy of the 
enhanced portion 204 so that the protective oxide layer 
remains relatively thin. As a result, spallation of the protective 
oxide layer may be minimized Moreover, hafnium, yttrium, 
and/or other reactive elements such as Zirconium or the rare 
earth elements may be included in the composition of the 
nickel-based superalloy to tie up the sulfur impurities that 
may be present in the material of the enhanced portion 204. In 
particular, yttrium and/or other reactive elements may react 
with sulfur to form stable oxysulfides or sulfides to prevent 
the sulfur from diffusing to the surface of the superalloy. This 
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may also improve the adherence of a protective thin layer 
alumina Scale to the alloy. Silicon in the nickel-based Super 
alloy may also contribute to the adhesion protective oxide 
layer, which may be comprised predominately of alumina. 
0024 Carbon and boron may be included to strengthen 
grain boundaries that may be present in the Superalloy when 
multiple grains are present. Total amounts of these elements 
are preferably minimized, because inclusion of increased 
quantities of these elements may adversely affect oxidation 
resistance at higher temperatures. 
0025. Further, in some embodiments, tungsten may be 
included in order to improve alloy creep strength properties of 
the Superalloy. Tungsten is preferably minimized to less than 
about 5.5%, or preferably less than about 4.5%, or more 
preferable about 3.5% because inclusion of increased quan 
tities oftungsten, as noted above in addition to tantalum, may 
adversely affect oxidation resistance at higher temperatures 
and alloy stability. 
0026. To further protect the turbine engine component 200 
which may be exposed to the harsh operating temperatures, 
the protective coating system 210 is optionally included, in an 
embodiment. FIG. 3 is a cross-sectional view of a protective 
coating system 300 that may be included over a turbine 
engine component, according to an embodiment. The protec 
tive coating system 300 may include a bond coating 302, a 
thermal barrier coating 304, and one or more intermediate 
layers therebetween, such as a thermally grown oxide (TGO) 
306. In one embodiment, the bond coating 302 may be a 
diffusion aluminide coating. For example, the diffusion alu 
minide coating may be formed by depositing an aluminum 
layer over the base material 202 (FIG. 2) and the enhanced 
portion 204 (FIG. 2), and subsequently interdiffusing the 
aluminum layer with the substrate to form the diffusion alu 
minide coating. In another embodiment, the diffusion alu 
minide coating may have a more complex structure and may 
include one or more additional metallic layers that are dif 
fused with the aluminum layer, the base material 202, and/or 
the enhanced portion 204. For example, an additional metallic 
layer may include a platinum layer. 
0027. In another embodiment, the bond coating 302 may 
be an overlay coating comprising MCrAIX, wherein M is an 
element selected from cobalt, nickel, or combinations 
thereof, and X is one or more elements selected from 
hafnium, Zirconium, yttrium, tantalum, palladium, platinum, 
silicon, or combinations thereof. Some examples of MCrAIX 
compositions include NiCoCrATY and CoNiCrATY. In still 
another embodiment, the bond coating 302 may include a 
combination of two types of bond coatings, such as a diffu 
sion aluminide coating formed on an MCrAIX coating. In any 
case, the bond coating 302 may have a thickness in a range of 
from about 25 microns (Lm) to about 150 um, according to an 
embodiment. In other embodiments, the thickness of the bond 
coating 302 may be greater or less. 
0028. The thermal barrier coating 304 may beformed over 
the bond coating 302 and may comprise, for example, a 
ceramic. In one example, the thermal barrier coating 304 may 
comprise a partially stabilized zirconia-based thermal barrier 
coating, such as yttria Stabilized Zirconia (YSZ). In an 
embodiment, the thermal barrier coating may comprise yttria 
stabilized zirconia doped with other oxides, such as Gd2O, 
TiO, and the like. In another embodiment, the thermal barrier 
coating 304 may have a thickness that may vary and may be, 
for example, in a range from about 50 um to about 300 um. In 
other embodiments, the thickness of the thermal barrier coat 
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ing 304 may be in a range of from about 100 um to about 250 
um. In still other embodiments, the thermal barrier coating 
304 may be thicker or thinner than the aforementioned 
ranges. 
(0029. The thermally-grown oxide layer 306 may be 
located between the bond coating 302 and the thermal barrier 
coating 304. In an embodiment, the thermally-grown oxide 
layer 306 may be grown from aluminum in the above-men 
tioned materials that form the bond coating 302. For example, 
during the deposition or a Subsequent heat treatment of the 
thermal barrier coating 304, oxidation may occur on the bond 
coating 302 to result in the formation of the oxide layer 306. 
In one embodiment, the thermally-grown oxide layer 306 
may be relatively thin, and may be less than 2 um thick. 
0030 To manufacture a turbine engine component, a 
method 400, depicted in a flow diagram provided in FIG. 4, 
may be employed. Although the following method 400 is 
described with reference to manufacture of a turbine blade, it 
should be understood that the method 400 is not limited to 
blades or any other particular components. According to an 
embodiment, the turbine engine component including only 
the base alloy 202 is prepared for the addition of the enhanced 
layer 204 in, for example, the tip region, step 402. In an 
embodiment, step 402 may include chemically preparing the 
Surface of the turbine engine component. Thus, a chemical 
stripping Solution may be applied to a surface of the turbine 
engine component, for example, nitric acid solution. How 
ever, other chemicals may alternatively be used. 
0031. In another embodiment of step 402, the turbine 
engine component may be mechanically prepared. Examples 
of mechanical preparation include, for example, pre-machin 
ing and/or degreasing Surfaces in order to remove any oxida 
tion, dirt or other contaminants that may be present from 
previous manufacturing steps. In another embodiment, addi 
tional or different types and numbers of preparatory steps can 
be performed. It will be appreciated that the present embodi 
ment is not limited to these preparatory steps, and that addi 
tional, or different types and numbers of preparatory steps can 
be conducted. 
0032. Once the turbine engine component has been pre 
pared, a nickel-based Superalloy in accordance with the 
present disclosure may be applied to, for example, the tip 
region of the blade, step 404, to form layer 204 as shown in 
FIG. 2. In an embodiment, the nickel-based superalloy may 
be laser-welded onto the damaged area. The nickel-based 
Superalloy may be provided as Substantially spherical powder 
particles, which provide improved powder flow properties 
and may help maintain a stable powder feed rate during a laser 
deposition process. According to an embodiment, the spheri 
cal powderparticles may have an average diameter in a range 
of about 5.0 microns to about 50.0 microns. In other embodi 
ments, the average diameters may be Smaller or greater than 
the aforementioned range. In an embodiment, the spherical 
powder particles may be prepared by vacuum or inert-gas 
atomization. 

0033. To laser-weld the nickel-based superalloy to the 
component, the nickel-based Superalloy powder may be used 
in conjunction with a CO laser, a YAG laser, a diode laser, or 
a fiber laser. In an embodiment, a welding process includes 
laser powderfusion welding, in which the nickel-based Super 
alloy is laser deposited onto a degraded area to restore both 
geometry and dimension with metallurgically sound buildup. 
Both automatic and manual laser welding systems are widely 
used to perform laser powder fusion welding processes. An 
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exemplary manual welding repair is described in detail in 
U.S. Pat. No. 6,593,540 entitled “Hand Held Powder-Fed 
Laser Fusion Welding Torch, the contents of which are 
hereby incorporated by reference in their entirety. 
0034. In accordance with an embodiment in which the 
component comprises a directionally solidified or single crys 
tal microstructure, the powder particles may be deposited 
over the desired region, i.e. the blade tip, and a laser may be 
employed to melt the powder particles and an underlying 
portion of the component. The melted powder particles and 
melted portion of the component may solidify into a layer 
with a directionally solidified microstructure or single crystal 
microstructure having at least a predetermined primary ori 
entation. As used herein, the term “predetermined primary 
orientation” may be defined as a direction perpendicular to a 
crystal lattice plane of a component. In an embodiment, the 
predetermined primary orientation in a component compris 

Blade tip alloy Ni Co 

SC18O Ball 10.0 S.O. 1.7 SO 8.5 
3.5 O 3.5 6.O. 10.0 O O O3 Alloy A Bal O 

ing a nickel-based Superalloy may be denoted as a 001 
direction. In an embodiment, the component may serve as the 
seed crystal, and the desired orientation may be in a direction 
that provides the component with improved creep strength 
and/or improved thermal fatigue strength. Hence, the 
improved or restored portion may grow epitaxially from the 
crystal structure of the component to form an extension of the 
single crystal microstructure of the component. 
0035. The turbine blade may thereafter be subjected to a 
Solution heat treatment above the gamma prime solvus tem 
perature of the nickel-based Superalloy for a period in a range 
of about 1 to 10 hours. In other embodiments, the solution 
heat treatment may be longer or shorter than the aforemen 
tioned time period. The piece is then cooled to room tempera 
ture (e.g., about 20° C. to about 25°C.). The blade may be 
cooled to room temperature at a rate of about 50° C. per 
minute. In other embodiments, cooling may occur within a 
longer or shorter time period. By cooling the piece in a rela 
tively short time period, an array of cuboidal gamma prime 
phase particles may precipitate, which may enhances creep 
strength in the tip region, for example. The blade may there 
after be machined to a desired shape and dimension. Although 
a turbine blade would be commonly heat treat by both a 
Solution heat treatment but also a precipitation heat treatment 
that brings out the cuboidal gamma prime particles. However 
the composition of the weld tip does not require a heat treat 
ment as such since its microstructure from Solidification is 
predominately if not completely gamma prime. Sometimes 
blades can be tip welded also with a full heat treatment which 
typically requires an additional thermal process if the blades 
are platinum aluminide coated. 
0036 Returning to the flow diagram of FIG. 4, after the 
application step 404 is completed, at least one post-deposition 
step is performed on the turbine engine component, step 406. 
A particular post-deposition step may depend on the type of 
application process that was performed in step 404. In an 
embodiment, the post-deposition step 406 can further include 
additional processes that improve the mechanical properties 
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and metallurgical integrity of the turbine engine component. 
Such processes may include final machining the repaired 
turbine engine component to a design dimension. Other pro 
cesses include coating the turbine engine component with a 
Suitable coating material Such as environment-resistant dif 
fusion aluminide and/or MCrATY overlay coatings, coating 
diffusion, and aging heat treatments to homogenize micro 
structures and improve performance of the turbine airfoils. 
0037. An exemplary alloy compositions A is provided in 
Table 1 and compared with the conventional SC 180 single 
crystal turbine blade material. This exemplary alloy has a 
composition tailored for both improved resistance to cyclic 
oxidation and creep, relative to SC 180. This combination of 
improved properties is expected to improve the oxidation and 
thermal fatigue life of turbine blade tips. Formulations for 
each nickel-based Superalloy composition are included in 
Table 1, by weight: 

TABLE 1 

Cr Mo W Ta Al T. Re Y Hf Si C B Zr 

S.S. O.8 3.0 O O.1 O O O O 
O.15 0.3. OS OS OS 

0038 A novel nickel-based superalloy and methods of 
manufacturing turbine engine components have now been 
provided. The novel nickel-based superalloy may provide 
improved oxidation-resistance over conventional nickel 
based Superalloys when Subjected to engine operating tem 
peratures. Additionally, the methods in which the novel 
nickel-based Superalloys are used may be employed not only 
on blades, but also on other turbine components, including, 
but not limited to, Vanes and shrouds. The method may also 
improve the durability of the turbine component, thereby 
optimizing the operating efficiency of a turbine engine, and 
prolonging the operational life of turbine blades and other 
engine components. Though the nickel-based Superalloy is 
described above as being used for improvement of turbine 
blade tips, the superalloy may alternatively be employed for 
casting new turbine components. In one example, the inven 
tive alloy described herein could be employed as a blade 
Substrate, as opposed to being used solely in the tip region. 
0039 While at least one exemplary embodiment has been 
presented in the foregoing detailed description of the inven 
tive subject matter, it should be appreciated that a vast number 
of variations exist. It should also be appreciated that the 
exemplary embodiment or exemplary embodiments are only 
examples, and are not intended to limit the scope, applicabil 
ity, or configuration of the inventive Subject matter in any 
way. Rather, the foregoing detailed description will provide 
those skilled in the art with a convenient road map for imple 
menting an exemplary embodiment of the inventive subject 
matter. It being understood that various changes may be made 
in the function and arrangement of elements described in an 
exemplary embodiment without departing from the scope of 
the inventive subject matter as set forth in the appended 
claims. 

What is claimed is: 

1-15. (canceled) 
16. A method of manufacturing a turbine engine compo 

nent, the method comprising the step of 
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applying a nickel-based Superalloy over an area of the 
component, the nickel-based-Superalloy including, by 
weight: 

about 1.5% to about 5.5% chromium; 
about 8% to about 12% aluminum; 
about 4% to about 8% tantalum; 
about 1.5% to about 5.5% tungsten; 
less than about 1% of one or more of elements selected 

from a group consisting of carbon, boron, Zirconium, 
yttrium, hafnium, and silicon; and 

a balance of nickel, wherein the nickel-based superalloy 
excludes cobalt. 

17. The method of claim 16, wherein: 
the step of applying comprises depositing the nickel-based 

Superalloy over the area of the component using laser 
deposition. 

18. The method of claim 17, wherein: 
the step of applying comprises applying the Superalloy in 

powder form prior to laser deposition. 
19. The method of claim 16, wherein: 
the area of the component is a turbine blade tip. 
20. The method of claim 16, wherein the nickel-based 

Superalloy comprises: 
about 3.5% chromium; 
about 10.0% aluminum; 
about 6.0% tantalum; 
about 3.5% tungsten; 
about 0.05% carbon; 
about 0.05% boron; 
about 0.05% zirconium; 
about 0.03% yttrium: 
about 0.15% hafnium; 
about 0.3% silicon; and 
a balance of nickel. 
21. The method of claim 16, wherein the nickel-based 

Superalloy excludes molybdenum. 
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22. The method of claim 21, wherein the nickel-based 
superalloy further excludes rhenium. 

23. The method of claim 22, wherein the nickel-based 
superalloy further excludes ruthenium. 

24. A method of manufacturing a turbine engine compo 
nent, the method comprising the step of 

applying a nickel-based Superalloy over an area of the 
component, the nickel-based-Superalloy consisting of 
by weight: 

about 1.5% to about 5.5% chromium; 
about 8% to about 12% aluminum; 
about 4% to about 8% tantalum; 
about 1.5% to about 5.5% tungsten; 
less than about 1% of one or more of elements selected 

from a group consisting of carbon, boron, Zirconium, 
yttrium, hafnium, and silicon; and 

a balance of nickel. 
25. A method of manufacturing a turbine engine compo 

nent, the method comprising the step of 
applying a nickel-based Superalloy over an area of the 

component, the nickel-based-Superalloy consisting of 
by weight: 

about 3.5% chromium; 
about 10.0% aluminum; 
about 6.0% tantalum; 
about 3.5% tungsten; 
about 0.05% carbon; 
about 0.05% boron; 
about 0.05% zirconium; 
about 0.03% yttrium: 
about 0.15% hafnium; 
about 0.3% silicon; and 
a balance of nickel. 
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