CQOATI NG SU TABLE FOR USE AS A BONDCOAT IN A THERVAL BARRI ER COATI NG SYSTEM
BACKGROUND 5 The present invention relates generally to a thermal barrier
coating systemfor a conponent that is exposed to high tenperatures, such
as a gas turbine engine conponent (e.g., blades, vanes, etc.). Mre
particularly, the present invention relates to a coating including a |ow
al um num content, where the coating 1is suitable for use as a bondcoat in a
thermal barrier coating system 10 A gas turbine engi ne conponent
("component™), such as a blade tip, blade trailing edge, blade platform
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t enperature and ress en egrature envi ronnent
may be especially problenatlc E nent. Namely, the high
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a thermal barrier coating or TBC opcoa ndcoat iIs applie
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TAO forms a strong bond to both the topcoat and the bondcoat, and as a
resul t, the TGOhPhighricmperpwrespeayraasedbe sunseadlay taaxidize, vlich Heniseerdissnt . The

bond bet weegy t hge T%&ﬁﬁéjcgnl?ﬁ)nteﬁ)tp G0 8fdet © extend the life of the component, a thermal

barrier coating system (TBC system) may be applied to the entire superalloy
component or selective surfaces, such as surfaces of the superalloy component that

are exposed to the high temperatures and other harsh operating conditions. A TBC
system reduces the temperature of the underlying material (also generally called the

20  “substrate”) and helps inhibit oxidation, corrosion, erosion, and other
environmental damage to the substrate. Desirable properties of a TBC system
include low thermal conductivity and strong adherence to the underlying substrate.

The TBC system typically includes a metallic bondcoat and a ceramic

topcoat (i.e., a thermal barrier coating or TBC topcoat). The bondcoat is applied to

25  the substrate and aids the growth of a thermally grown oxide (TGO) layer, which is
typically aluminum oxide (Al,O3; or “alumina”™). Specifically, prior to or during
deposition of the TBC topcoat on the bondcoat, the exposed surface of the bondcoat

can be oxidized to form the alumina TGO layer. The TGO forms a strong bond to

both the topcoat and the bondcoat, and as a result, the TGO layer helps the TBC

30  topcoat adhere to the bondcoat. The bond between the TGO and the topcoat is
typically stronger than the bond that would form directly between the TBC topcoat



typically stronger than the bond that would formdirectly between the TBC

topcoat 2 and the bondcoat. The TGO al so acts as an oxi dation resistant

| ayer, or an "oxidation barrier”, to help protect the underlying substrate
from damage due to oxidation. During use in a gas turbine engine, the TGO
thickens as alum num 5 diffuses into the TGO fromthe bondcoat and oxygen
diffuses into the TG from the conbustion products and cooling air in the
turbine gas path, reacting to form nore alumna TGO As the TGO thickness
increases, it carries a proportionally |arger share of any stresses that

arise in the TB%‘E]%? ﬁ‘md& en?LHealrbX) ltsQ'aEtsShar eo;%d%tht h% aEg £s exceeds t he

strength of the its far e 1% 't he TBC

topcoat spalls fﬁﬁd&ttdﬁ@abﬁbﬁﬂ&@&‘élphﬁ@t&ﬂ&be tukizfl@inig Subdttatd i@orﬁ@lam@gérm th0
provi de adhesi on. Mpst bondcoats are designed to maintain slow growh of the
TGO and to i ns@¥¥2li¥ht the TGO consists of pure alumina. If the amount of

alum num that diff Use%ﬁrh‘%mls'éhﬁ abéhgq!ﬁ%ﬁ]te dn@in gh@le-ﬁ%'tﬁ‘lcké?ﬁ%g Lohififth to
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vari ous techni ques ying t t opcoat e component, |nclud|ng
air pl asna 18pr &iisnhe TBéhopcodeaHs ﬁmmmedmddctolaelmmisestmrwﬂm@mab fG@stosuch as
a high veloci té ox‘i/ de met hod. 25 The bondcoat is inportant to the life
of the TBC syst 8RVI4eadfesion-pondcoat fails, the TBC topcoat may spal |, after

whi ch the TBC syst em qui6dtb¥ndddeds ard deEigh@Blo mmm@wg\bwﬂp@ﬂtham@rhnax poses
the bondcoat to t(;[ Elgurg Ithars tl}ee rggrcg}lslfsrts,e of pure alumina. If the amount of aluminum that
diffuses from the bondcoat to the TGO is insufficient to sustain growth of pure

15 alumina, spinel oxide may form. Spinels grow quickly because they do not act as
oxidation barriers. A TGO containing spinels has a significantly shorter life than a
pure alumina TGO because spinels are not as strong as pure alumina.

The TBC topcoat may consist of a zirconia material that includes yttria
as a stabilizing material. The primary role of the TBC topcoat is to provide

20 insulation, thereby reducing the temperature of the bondcoat and the substrate.
Thus, TBC ceramic topcoats are designed to have low thermal conductivity. There
are various techniques of applying the TBC topcoat on the component, including air
plasma spraying, vapor deposition and thermal spraying methods such as a high
velocity oxy-fuel method.

25 The bondcoat is important to the life of the TBC system. If the
bondcoat fails, the TBC topcoat may spall, after which the TBC system quickly
deteriorates. TBC topcoat spallation exposes the bondcoat to the high-temperature,
oxidizing environment of the turbine gas path, as well as to any corrosive species
that may be in the gas path arising from impurities in the fuel and ingested fine

30  particulates or contaminants, The higher temperatures and any deposits of



oxi di zing environnment of the turbine gas path, as well as to any corrosive
species that may be in the gas path arising frominpurities in the fuel and
ingested fine 30 particulates or contam nants. The hi gher tenperatures and
any deposits of 3 contam nants accel erate the oxidation or corrosion of the
bondcoat, eventually consum ng the bondcoat. Once the bondcoat is consuned,
the harsh environnent attacks the underlying substrate. A deteriorated TBC
systemis undesirabl e because it nmay shogten the life of the conmponent, and
at the very least, requires the 5 conponent to be taken out of service in
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percent of haf nlfalhtrf(ﬂdfehsuralﬂoUéglﬁddtmn@lﬁdmtunﬂeﬂﬁmghﬂ)s@ﬂé cent of sili con (Sl ),
about 0 to about 1 perclent of ytt t o _about, 2,5 wei ght
(
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(Re), about 5 toréaqutic LG riRfBh thQ@fh%%hd&fat hAU&R! WA (ol e: suBRRME wiht O about
8 wei ght 20 percent of tungsten (W, about O to about 1 weight percent of

zi rconi um (2p) , mamichahreactéonadnddeterdoffusidnckel (Ni). I n anot her enbodi nent, the
bondcoat includes about 5 to about UMM%M of A, about 10 to
about 18 wei ght percent of Co, abo wei ght percent of Cr,
about O to about | wei dfie pp&sefEinventibn i¥a banldostt sGitdble basH with 2 Supwedl@ht
percent of Si, about 0 to, about 1 percent of Y, about 1.5 tq about 2.5
wei ght gas turbine engine component. In one embodiment, the bondcoat includes about 5
to about 10 weight percent of aluminum (Al), about 10 to about 18 weight percent
15  of cobalt (Co), about 4 to about 8 weight percent of chromium (Cr), about 0 to
about 1 weight percent of hafnium (Hf), about 0 to about 1 weight percent of silicon
(Si), about 0 to about 1 percent of yttrium (Y), about 1.5 to about 2.5 weight
percent of molybdenum (Mo), about 2 to about 4 weight percent of rhenium (Re),
about 5 to about 10 weight percent of tantalum (Ta), about 5 to about 8 weight
20  percent of tungsten (W), about 0 to about 1 weight percent of zirconium (Zr), and a
remainder of nickel (Ni).
In another embodiment, the bondcoat includes about 5 to about 10
weight percent of Al, about 10 to about 18 weight percent of Co, about 4 to about 8
weight percent of Cr, about 0 to about 1 weight percent of Hf, about 0 to about 1
25  weight percent of Si, about 0 to about 1 percent of Y, about 1.5 to about 2.5 weight
percent of Mo, about 2 to about 4 weight percent of Re, about 5 to about 10 weight
percent of Ta, about 5 to about 8 weight percent of W, about 0 to about 1 weight
percent of zirconium Zr, about 10 to about 40 weight percent of platinum (Pt) or

other noble metals, such as palladium (Pd) or iridium (Ir), and a remainder of nickel

30 (Ni).



percent of Mo, about 2 to about 4 weight percent of Re, about 5 to about 10
wei ght percent of Ta, about 5 to about 8 weight percent of W about 0 to
about 1 weight percent of zirconium Zr, about 10 to about 40 wei ght percent
of platinum (Pt) or other noble netals, such as palladium (Pd) or iridium
(Ir), and a remainder of nickel 30 (Ni). 4 BRI EF DESCRI PTI ON OF THE
DRAWNGS FIG | is a perspective view of a turbine blade. FIG 2 is a
cross-sectional view of the turbine bladegof FIG 1, where a section has
been taken at line 2-2 (shown in FIG 1), and shows a TBC system 5

overlying the body of the p'firIQF %s@;@ﬁﬁo@%ﬂ%ﬁB%ﬁ%gﬂ ON The present
invention is a coating tha coat in a thernal
barrier coating systentlG.n ieagespdnvide riemt of attlubinedrigtesi ti on of the inventive
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4 weight percent of Re, about 5 to about 10 weight percent of Ta, about 5 to about §

weight percent of W, about 0 to about I weight percent of Zr, and a balance (or
15 “remainder”) of Ni. In another embodiment, about 10 to about 40 weight of Pt or

other noble metals, such as Pd, Ir or combinations thereof, are substituted for some

or all of the balance of Ni. The exact composition of the bondcoat may be modified

within the broad ranges in order to form a bondcoat that exhibits desirable

mechanical and chemical properties that are compatible with the underlying
20  substrate.

The bondcoat of the present invention may be applied (or “deposited”)
to a suitable substrate, including a superalloy gas turbine engine component, in
order to protect the substrate from oxidation, corrosion, erosion, and other adverse
effects attributable to a harsh operating environment. The inventive bondcoat is

25 particularly suitable for use with a component formed of a single crystal superalloy
that is commonly designated a “fourth generation single crystal superalloy.” The
fourth generation single crystal superalloy contains high levels of ruthenium and
rhenium, and exhibits enhanced creep strength compared to other single crystal

alloys. Anexample of a fourth generation single crystal superalloy is described in



effects attributable to a harsh operating environment. The inventive
bondcoat is 25 particularly suitable for use with a conponent fornmed of a
single crystal superalloy that is commonly designated a "fourth generation
single crystal superalloy.” The fourth generation single crystal superall oy
contains high levels of rutheniumand rhenium and exhibits enhanced creep
strength conpared to other single crystal alloys. An exanple of a fourth
generation single crystal superalloy is dgscribed in 5 U S. Patent No.

6, 007, 645, entitled, "Advanced Hi gh Strength, H ghly Oxidation Resistant

Single Orystal Supgsahl QY EBIPOR, bR FAd AR M S R Ibnly SHGuiBp oF 7 F ed
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fourth generati o aﬁblﬂ%l,ﬁewelght percent of Zr, about 25 weight percent of Pt (or Pd or Ir), and

15 about 26.5 weight percent of Ni.

The inventive bondcoat provides an oxidation resistant coating for a
TBC system. After cycling a bondcoat having a composition in the ranges
disclosed above in a burner rig at about 1148.89 °C (about 2100 °F), it was found
that there was no evidence of bondcoat failure by oxidation or cracking after more

20  than 100 cycles and more than 100 hours.

It has been found that when many existing TBC system bondcoats are
applied to a single crystal superalloy substrate, such as the fourth generation single
crystal superalloy substrate, aluminum diffuses from the bondcoat to the underlying
substrate because the bondcoat typically has a higher aluminum content than the

25  superalloy substrate. In addition, nickel and cobalt diffuse from the substrate into
the bondcoat. It is desirable to minimize this interdiffusion in order to maximize
the aluminum available for the stable and slow growth of a pure alumina TGO.
Furthermore, when the single crystal superalloy substrate contains high
concentrations of refractory metals such as rhenium (Re), the aluminum, nickel, and

30 cobalt interdiffusion can result in the formation of deleterious topographically close



crystal superalloy substrate, alum numdiffuses fromthe bondcoat to the
underlying substrate because the bondcoat typically has a higher alum num
content than the 25 superalloy substrate. In addition, nickel and cobalt

di ffuse fromthe substrate into the bondcoat. It is desirable to mnimze
this interdiffusion in order to maximze the alum num available for the
stable and slow growh of a pure alumna TGO  Furthernore, when the single
crystal superalloy substrate contains high concentrations of refractory
nmetal s such as rhenium (Re), the alum num nickel, and 30 cobalt
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oxi dati on resistance f a hi gh-pressure turbine engi ne environnent. The
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diffusion of  abaHldiYREn ERVEARRaPOMERR, Wiflett PSR! fifY cRMBRY %ﬁl’éqﬁ%@ﬁs a

result, the bondcoat of the present invention is nore conpatible h a
fourth gener@t i oxidstiongiesistongesfonh hightpyessaiel tupirsdngine aneirorasenive [The &svent her

al | oy substrates_ hayi high c entrations, of 15 refractor tal s, than
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TCP phase is decreased with a _bondcoat of the present inventjion. The
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under | yi ng 15 refract:’ory metals, than many existing bondcoats having a higher aluminum content.
The possibility that the fourth generation single crystal superalloy substrate will
form a TCP phase is decreased with a bondcoat of the present invention.
The aluminum content in a bondcoat aids the formation of an alumina
TGO layer. As mentioned in the Background section, this TGO layer serves at least
20  two purposes. First, the oxide layer acts as a barrier to oxidation of the underlying
substrate (e.g., the fourth generation single crystal superalloy). Second, the TBC
topcoat is inclined to chemically bond to the oxide layer. In a sense, the oxide layer
acts as an adhesive to bond the TBC topcoat to the bondcoat. Despite a lower
aluminum content than existing bondcoats, the bondcoat of the present invention
25  contains a sufficient amount of aluminum to aid the growth of an oxide layer that is
thick enough to act as an oxidation barrier. The aluminum in combination with the
yttrium content of the inventive bondcoat aids the slow growth of a spinel-free
oxide layer with good adhesion to both the TBC topcoat and to the bondcoat.

It has been found that the bondcoat of the present invention exhibits a

30  coefficient of thermal expansion (CTE) of about 6.4 microns/inch/°F. This value is



substrate (e.g., the fourth generation single crystal superalloy). Second,
the TBC topcoat is inclined to chemcally bond to the oxide layer. In a
sense, the oxide layer acts as an adhesive to bond the TBC topcoat to the
bondcoat. Despite a |lower alum num content than existing bondcoats, the
bondcoat of the present invention 25 contains a sufficient anount of
alumnumto aid the growth of an oxide layer that is thick enough to act as
an oxidation barrier. The alum numin conbination with the yttrium content
of the inventive bondcoat aids the slow growh of a spinet-free oxide |ayer
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15 exposed to high temperatures and high pressures during operation of the gas turbine
engine. In order to extend the life of turbine blade 10 and protect turbine blade 10
from high stress operating conditions and the resulting oxidation and corrosion,
TBC system 16 (shown in FIG. 2) is applied over body 14 of turbine blade 10.

The exact placement of TBC system 16 depends upon many factors,

20 including the type of turbine blade 10 employed and the areas of turbine blade 10
that are exposed to the most stressful conditions. For example, in alternate
embodiments, TBC system 16 may be applied over a part of the outer surface of
body 14 rather than over the entire outer surface of body 14. Furthermore, because
bondcoat 18 may also be a stand-alone environmental coating, body 14 may be

25 fully covered with bondcoat 18 and only partly covered with ceramic layer 20. If
turbine blade 10 includes cooling holes leading from internal cooling passages to
the outer surface of body 14, TBC system 16 may also be applied to the surface of
the cooling holes.

Turbine blade 10 is shown as an example of a gas turbine engine

30  component that requires the use of a TBC system. However, the bondcoat of the



The exact placenent of TBC system 16 depends upon nmany factors, 20

i ncluding the type of turbine blade 10 enpl oyed and the areas of turbine

bl ade 10 that are exposed to the nost stressful conditions. For exanple, in
alternate enbodinments, TBC system 16 nay be applied over a part of the
outer surface of body 14 rather than over the entire outer surface of body
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envi ronnmental coating, body 14 may be 25 fully covered with bondcoat 18 and
only partly covered with ceramc layer 20. If turbine blade 10 incl udes
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i ncl udes bondcoa ceram C over r}(a bonds
to body 14, whi hid berdaniohodgylel w&ﬁlewmlay@ebandﬁeﬂiyslt&mdbmtllse Inetidodi ment
shown in FIG 2, ponpdcoat 18 is_applied to body 14 in a thicknes range of
about 0.0127 i FNPo W@F%Sh(’%dﬁt%l@g 3 tﬂ%'waﬁ?dwm I inj3 §58 10
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provi de t he requs, bathot hmttemio HrhRGiabized with ytlrla (VoD g c@dblinkS(GBONCeaat 18
consists essentially of about 5 to about_ 10 wei ght percent o
e02¥ scandia (Sc;03), or other oxides. Ceramic layer 20 is deposited in a
thickness that is sufficient enough to provide the required thermal protection for
15  bondcoat 18.
Bondcoat 18 consists essentially of about 5 to about 10 weight percent
of Al, about 10 to about 18 weight percent of Co, about 4 to about 8 weight percent
of Cr, about 0 to about 1 weight percent of Hf, about 0 to about | weight percent of
Si, about O to about 1 percent of Y, about 1.5 to about 2.5 weight percent of Mo,
20  about 2 to about 4 weight percent of Re, about 5 to about 10 weight percent of Ta,
about 5 to about 8 weight percent of W, about 0 to about 1 weight percent of Zr,
and a balance of Ni.
In another embodiment, bondcoat 18 consists essentially of about 5 to
about 10 weight percent of Al, about 10 to about 18 weight percent of Co, about 4
25  toabout 8 weight percent of Cr, about 0 to about 1 weight percent of Hf, about ( to
about 1 weight percent of Si, about 0 to about 1 percent of Y, about 1.5 to about 2.5
weight percent of Mo, about 2 to about 4 weight percent of Re, about 5 to about 10
weight percent of Ta, about 5 to about 8 weight percent of W, about 0 to about 1
weight percent of Zr, about 10 to about 40 weight percent of Pt, and a balance Ni.

30 Alternatively, other noble metals such as Pd or Ir, or combinations thereof, can be



of Al, about 10 to about 18 wei ght percent of Co, about 4 to about 8 weight
percent of Cr, about O to about 1 weight percent of Hf, about 0 to about 1
wei ght percent of Si, about O to about 1 percent of Y, about 1.5 to about
2.5 weight percent of My, 20 about 2 to about 4 weight percent of Re, about
5 to about 10 wei ght percent of Ta, about 5 to about 8 weight percent of W
about 0 to about | weight percent of Zr, and a balance of Ni. |In another
enbodi ment, bondcoat 18 consists essentiably of about 5 to about 10 wei ght
percent of Al, about 10 to about 18 wei ght percent of Co, about 4 25 to
about 8 wei ght BﬁLP about O to about 1 weight percent of Hf, about
0 to about 1 wel percen& of Si, about O to about 1 percent of Y, about
1.5 to about 2.5 melghkmﬂemmdmtmomd&balaheukva dfoalaiminiim 4s wemphded ger cent  of
Re, about 5 to about .10 t 9. about, 8 i ght
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such as Pd or Ir, or conbinations thereof, can be 9 substituted for
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deposition), or chemical vapor deposition. In one embodiment, a vacuum plasma

15 spray deposition method is used to apply bondcoat 18 to body 14. As known in the
art, vacuum plasma spray deposition is a thermal spray process that is carried out in
a vacuum chamber. A plasma spray torch, which applies a powdered form of the
coating onto a substrate, typically operates in a low-pressure environment of an
inert gas, such as Argon. The plasma spray torch is typically manipulated by a

20 control mechanism that allows the torch to move at least in one direction relative to
the substrate.

In one method of applying bondcoat 18 to body 14, a vacuum plasma
spray process is used, where the process utilizes a deposition chamber pressure
ranging from about 13.33 kilopascals (kPa) (about 100 Torr) to about 40 kPa (about

25 300 Torr), a plasma torch current ranging from about 400 amperes (A) to about 900
A, and a plasma torch voltage ranging from about 50 volts (V) to about 85 V. The
plasma spray torch is controlled by a 3 to 5 axis robot, which positions the torch
about 15.24 centimeters (about 6 inches) to about 50.8 centimeters (about 20
inches) from body 14. During the deposition process, body 14 exhibits a

30  temperature in a range of about 815.56 "C (about 1500 °F) to about 982.22 °C



15 spray deposition nethod is used to apply bondcoat 18 to body 14. As known
inthe art, vacuum plasma spray deposition is a thermal spray process that
is carried out in a vacuum chanber. A plasma spray torch, which applies a
powdered form of the coating onto a substrate, typically operates in a

| ow pressure environnent of an inert gas, such as Argon. The plasma spray
torch is typically mani pul ated by a 20 control nechanismthat allows the
torch to nove at least in one direction rglative to the substrate. In one
met hod of applying bondcoat 18 to body 14, a vacuum plasma spray process is
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posi tions the tgpeRr pRARI viRr ApdRithi HEKET ® dsBROBndBd 1815 B)ay py.aRQut 50. 8

centinmeters (about 20 " inches) from body 14. ring the deposition process,
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t
the cathodic arc deposition enbodi nent, a deposition Chanber pressure
ranges fromio abaheut $00188mkiRain{adtsdhe chhmbenprgssire irathe desired rad@e ke chgbgsit 100

Tort). Argon gas, . fl.ow rate about, 100, st andar d cubi

centimeters perra?}ﬁ]ﬁgtf@“té]%gﬁr%oqa%tﬁ%?oﬁ{)@?‘ %rﬁﬁgtgl&l pd %Ifeﬁwéect{‘?feﬁo&\anber
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about 650 A are established and a negative bias from about 30 V to about

100 V is appli eepthaslipagdenositioninethedinglyding difsent pammstergmay be used.
The terminology used herein is for the purpose of description, not
15 limitation. Although the present invention has been described with reference to a
preferred embodiment, workers skilled in the art will recognize that changes may
be made in form and detail without departing from the spirit and scope of the

invention.



cathodi c arc deposition nethod including different paranmeters may be used.
The term nol ogy used herein is for the purpose of description, not 15
limtation. Although the present invention has been described with reference
to a preferred enbodinent, workers skilled in the art will recognize that
changes may be made in formand detail w thout departing fromthe spirit
and scope of the invention. 11 CLAIMS: 1. A coating consisting essentially
of : about 5 to about 10 wei ght percent ofiial um num about 10 to about 18
wei ght percent of cobalt; about 4 to about 8 weight percent of chrom um
about 0 to abougp hywgi ght percent of hafnium about O to about 1 weight
percent of silicon; about O to about 1 percent of yttrium about 1.5 to
about 2.5 wei ght. per#enatingfconsibtyigcssmmiiplly @fbout 2 to about 4 wei ght percent

of rhenium about 5 to ut 10 i.ght perc of tantalum about 5 to
about 8 wei ght per ce?houﬁgpci%ﬁag{dgﬁ?lgﬂtaoﬁgﬁf‘t‘%naﬁ‘ﬂmﬁli'ﬁ'ut 1 wei ght percent of
zirconium and a resfRuNHR Bbutigokabht pdrcedthd c6a;i Nng of claim 1, wherein

the coating consists essentially of: about 7.5 weight percent of alum num
about 14 wei ght per cagut Hio abeued weightpsseent of cheerabim:per cent of chroni um

about 0.5 wei ght per ' i ght percent of silicon;
about 0.5 percent of%épﬁgﬁa%%a{aggggh?%&%%’% tﬁﬁlf)égf‘ecent of nol ybdenum

about 0 to about 1 weight percent of silicon;

about 0 to about 1 percent of yttrium;

about 1.5 to about 2.5 weight percent of molybdenum;
about 2 to about 4 weight percent of rhenium;

about 5 to about 10 weight percent of tantalum;

about 5 to about 8 weight percent of tungsten;

about 0 to about 1 weight percent of zirconium; and

a remainder of nickel.

2. The coating of claim 1, wherein the coating consists essentially of:
about 7.5 weight percent of aluminum;
about 14 weight percent of cobalt;
about 6 weight percent of chromium;
about 0.5 weight percent of hafnium;
about 0.5 weight percent of silicon;
about 0.5 percent of yttrium;
about 2.0 weight percent of molybdenum;
about 3.0 weight percent of thenium;
about 7.5 weight percent of tantalum;
about 6.5 weight percent of tungsten;
about 0.5 weight percent of zirconium; and

about 51.5 weight percent of nickel.



about 3.0 weight percent of rhenium about 7.5 weight percent of tantal um
about 6.5 wei ght percent of tungsten; about 0.5 wei ght percent of

zirconium and about 51.5 weight percent of nickel. 12 3. The coating of
claiml1, and further conprising: about 10 to about 40 wei ght percent of a
noble netal. 4. The coating of claim3, wherein the noble netal is selected
froma group consisting of. platinum palladium iridium and conbinations
thereof. 5. The coating of claim4, wheragipn the coating consists essentially
of : about 7.5 weight percent of alum num about 14 weight percent of

cobal t; about § wei-gy gﬁ%gﬂgmgilgpggﬂvgp&nmﬂg 0.5 wei ght percent of

haf nium  about 0.5 melght ercent o I con; out 0.5 percent of
yttrium about 2.0 wioght( petboeritl vefighmpeschuterfamobleatasit 3. 0 wei ght per cent
of rhenium about 7.5 weight percent of tantalum about 6.5 wei ght percent
of tungsten; about 0.5 weight percent of zirconium about 10 to about 25

wei ght percent f atTﬁe&ﬁﬁim%ﬂﬁcl@ﬁn3Mﬁéiﬂu{8no@ﬂ4ﬂ1&giisl@:lectledl h@ianT%ro
conbi nati ons thereof; and out 26.5 to about 41.5 weight percent of nickel

6. A nethod of $assisiimgofPlHBWRenalladium; tidiwsand sgmbipstiennthereef. super al | oy
substrate, the nethod conprising: depositing a bondcoat on the superall oy
substrate, the bondcoat conprising: about 5 to about 10 wei ght percent of
al um num 5. The coating of claim 4, wherein the coating consists essentially of:

about 7.5 weight percent of aluminum;

about 14 weight percent of cobalt;

about 6 weight percent of chromium;

about 0.5 weight percent of hafnium;

about 0.5 weight percent of silicon;

about 0.5 percent of yttrium;

about 2.0 weight percent of molybdenum;

about 3.0 weight percent of rhenium;

about 7.5 weight percent of tantalum;

about 6.5 weight percent of tungsten;

about 0.5 weight percent of zirconium,

about 10 to about 25 weight percent of at least one of: platinum, palladium,
iridium, or combinations thereof; and

about 26.5 to about 41.5 weight percent of nickel.

6. A method of forming a thermal barrier coating system on a superalloy
substrate, the method comprising:
depositing a bondcoat on the superalloy substrate, the bondcoat comprising:
about 5 to about 10 weight percent of aluminum;
about 10 to about 18 weight percent of cobalt;
about 4 to about 8 weight percent of chromium;
about 0 to about 1 weight percent of hafnium;

about 0 to about 1 weight percent of silicon;



about 10 to about 18 wei ght percent of cobalt; about 4 to about 8 weight
percent of chromum about O to about 1 weight percent of hafnium about O
to about 1 weight percent of silicon; 13 about O to about | percent of
yttrium about 1.5 to about 2.5 wei ght percent of nolybdenum about 2 to
about 4 weight percent of rhenium about 5 to about 10 wei ght percent of
tantalum about 5 to about 8 weight percent of tungsten; about O to about

| weight percent of zirconium and a renginder of nickel; and depositing a
thermal barrier coating over at |east a part of the bondcoat. 7. The nethod

of claim®6, wherein the t%gg{’(ﬁ{oa@gﬁ{gﬁc&??fyitﬂg"ﬁ.s sel ected from a group
| Wi y

consisting of. zirconia sta I ze ria, Zirconia stabilized with
gadol i ni a, zirconi a st abidboreds ta 4bouc2H majght percomiomstydidedunzed wi t h scandi a,
and conbinations thereof, 8. _ The nethod of claim6, wherein the bondcoat is
deposited using a techni qf8ut %9%8‘(‘%‘{1‘”?'3}6%85“ ?%ﬁbe'ﬁﬁlﬁsi sting of. thermal
sprayi ng, physical vapor fepoSiodbeik 10 mghtq)@@ghmltamﬁgﬁg deposition. 9. The
nmet hod of claim8, wherein the bondcoat I's deposited using the thernal

sprayi ng techni que, the tdherivato abputR weight Reedent ¢fungstsnhg a vacuum pl asma
sprayi ng techni que conpri SN Lt ﬁg@ﬁr S e in a range of
about 13. 33 kil opascal s t%bﬂg%%ﬁ$gﬁgpﬁbggﬁ%§%g S; 50@ ggﬁgitorch current in
a range of about 400 anperemaimdeadfoutkeB@0d anperes; and a plasnma torch

voltage in a range of ahout 50 valts.to about 85, volts. The net hod of
UPh ade ohar e ot ndeppiiba e paisk ol e dientt 1085k s idhe BondclR

7. The method of claim 6, wherein the thermal barrier coating is selected from
a group consisting of: zirconia stabilized with yttria, zirconia stabilized with
gadolinia, zirconia stabilized with ceria, zirconia stabilized with scandia, and

combinations thereof.

8. The method of claim 6, wherein the bondcoat is deposited using a technique
selected from a group consisting of: thermal spraying, physical vapor deposition,

and chemical vapor deposition.

9. The method of claim 8, wherein the bondcoat is deposited using the thermal
spraying technique, the thermal spraying technique being a vacuum plasma
spraying technique comprising:
a deposition chamber pressure in a range of about 13.33 kilopascals to
about 40 kilopascals;
a plasma torch current in a range of about 400 amperes to about 900

amperes; and

a plasma torch voltage in a range of about 50 volts to about 85 volts.

10.  The method of claim 8, wherein the bondcoat is deposited using a physical
vapor deposition technique, the physical vapor deposition technique being a

cathodic arc deposition technique comprising:



vapor deposition technique, the physical vapor deposition technique being a
cat hodi ¢ arc deposition technique conprising: 14 a deposition chanber
pressure in a range of about 0.133 kilopascals to about 13.33 kil opascal s;
an arc current in a range of about 300 anperes to about 650 anperes; and a
negative bias in a range of about 30 volts to about 100 volts applied to the
superal | oy substrate. 11. The nethod of claim®6, wherein the bondcoat is
deposited on the superalloy substrate imga thickness of about 0.0 127
mllinmeters to about 0.254 mllinmeters. 12. The nethod of claim®6, wherein

t he bondcoat consi St§d?r?%?’%%i‘%g%"#roﬁf'g%ﬁ%ﬁw 1\%&1?%‘@?%%& Opl%r?'clgp)tpgﬁ%gls%um nuni

about 14 wei ght percen 0 percéent o rom um
about 0.5 wei ght percent abouhBf.3d kilgpascalzgput 0.5 wei ght percent of silicon

about 0.5 percent of yttrium . about 2 wej ght percent of pol ybdenum about
3.0 wei ght percent oﬂxFHQW?ﬂﬁf“aﬁﬁ@%Png%tagﬁ_ e“ﬁé?é@HFéégaTaﬁF%Pﬁﬁl about
6.5 wei ght percent 0f ndddfiGShigdlin a raRRWF aldub30MRIIG IS aRBF FRNfolt®hipicl 6P UM and
about 51.5 weight percent of nickel. 13. The nethod of claim®6, wherein the

bondcoat further conpri segiperaipostbstt@et o about 40 wei ght percent of a noble
nmetal. 14. The nethod of claim 13, wherein the noble netal is selected from
a group consisting of. platinum palladium iridium and conbinations
thereof. 15 1511.A cDhgxaeted ofaddlng, $h&gin the bondcoat is deposited on the superalloy

substrate in a thickness of about 0.0127 millimeters to about (.254 millimeters.

12. The method of claim 6, wherein the bondcoat consists essentially of:
about 7.5 weight percent of aluminum;
about 14 weight percent of cobalt;
about 6 weight percent of chromium;
about 0.5 weight percent of hafnium;
about 0.5 weight percent of silicon;
about 0.5 percent of yttrium;
about 2.0 weight percent of molybdenum;
about 3.0 weight percent of rhenium;
about 7.5 weight percent of tantalum;
about 6.5 weight percent of tungsten;
about 0.5 weight percent of zirconium; and

about 51.5 weight percent of nickel.

13.  The method of claim 6, wherein the bondcoat further comprises:

about 10 to about 40 weight percent of a noble metal.

14, The method of claim 13, wherein the noble metal is selected from a group

counsisting of: platinum, palladium, iridium, and combinations thereof.



a superall oy substrate; and a bondcoat overlying at |east a part of the
superal | oy substrate, the bondcoat conprising: about 5 to about 10 wei ght
percent of alum num about 10 to about 18 wei ght percent of cobalt; about
4 to about 8 weight percent of chromum about O to about | weight percent
of hafnium about O to about | weight percent of silicon; about 0O to about
1 percent of yttrium about 1.5 to about 2.5 wei ght percent of nolybdenum
about 2 to about 4 weight percent of rhenisum about 5 to about 10 wei ght
percent of tantalum about 5 to about 8 weight percent of tungsten; about

0O to about 1 wejght [ kconium and a renai nder of nickel. 16.
The conponent o“gcl a’?%&ﬁ{ﬂegg%orﬁﬁsﬁér conprising: a thermal barrier coating

overlying at |east aa ppetallof suitdgatbpandcoat, wherein the thermal barrier
coating is selected froma group consisting.of: zirconia stabilized with
yttria, zirconia st a?ol?qng]i‘é"ﬁlg\'?ﬁr yl‘flggaé!}@?tiam,oft?'ﬁ SyReEioy sesH e thekandsat n ceri a,
zirconia stabilized with gappding, and conbinations thereof. 17. The
component of claim 15, wherein the superalloy substrate is a turbine blade
or vane. 18. The conponeribouf5 olakpwh I05veigii@ersent aflabingiopwr al | oy substrate is

a fourth generation si nngSutCl:loytgta%lIJﬁE%ri 'tlgg%%lﬁé?ﬁéé,ate' 16 19. The

component of claim 15, wherei ckne toat is in a range of
about 0.0127 millineters dbouthb@uibolt Rwdight gekdeibdfhfomiafh; The conponent of
claim 15, wherein the bondcoat consists essenti afj I ¥ .of :

about 0 to about 1 weight percent of hatnium

about 0 to about 1 weight percent of silicon;

about 0 to about 1 percent of yttrium;

about 1.5 to about 2.5 weight percent of molybdenum;

about 2 to about 4 weight percent of rhenium;

about 5 to about 10 weight percent of tantalum,;

about 5 to about 8 weight percent of tungsten;

about 0 to about 1 weight percent of zirconium; and

a remainder of nickel.

16.  The component of claim 15, and further comprising:

a thermal barrier coating overlying at least a part of the bondcoat, wherein
the thermal barrier coating is selected from a group consisting of:
zirconia stabilized with yttria, zirconia stabilized with gadolinia,
zirconia stabilized with ceria, zirconia stabilized with scandia, and

combinations thereof.

17.  The component of claim 15, wherein the superalloy substrate is a turbine

blade or vane.

18.  The component of claim 15, wherein the superalloy substrate is a fourth

generation single crystal superalloy substrate.



about 7.5 wei ght percent of alum num about 14 wei ght percent of cobalt;
about 6 weight percent of chromum about 0.5 weight percent of hafnium
about 0.5 wei ght percent of silicon; about 0.5 percent of yttrium about
2.0 wei ght percent of nolybdenum about 3.0 weight percent of rhenium
about 7.5 weight percent of tantalum about 6.5 weight percent of tungsten;
about 0.5 wei ght percent of zirconium and about 51.5 wei ght percent of

ni ckel . 21. The conponent of claim 15, wherein the bondcoat further
conprises: about 10 to about 40 wei ght percent of a noble netal. 22. The

met hod of cl ai me21, meéo%{&’&nmgalﬂ%h%”ghé%m'éth%&h@s%t(ﬁ‘qhé béHBc 8t 3¢ RluzP

consisting of: platinum iridium and conbinations thereof
range of about 0.0127 millimeters to about 0.254 millimeters.

20.  The component of claim 15, wherein the bondcoat consists essentially of:
about 7.5 weight percent of aluminum;
about 14 weight percent of cobalt;
about 6 weight percent of chromium;
about 0.5 weight percent of hafnium;
about 0.5 weight percent of silicon;
about 0.5 percent of yttrium;
about 2.0 weight percent of molybdenum;
about 3.0 weight percent of rhenium;
about 7.5 weight percent of tantalum;
about 6.5 weight percent of tungsten;
about 0.5 weight percent of zirconium; and

about 51.5 weight percent of nickel.

21.  The component of claim 15, wherein the bondcoat further comprises:

about 10 to about 40 weight percent of a noble metal.

22, The method of claim 21, wherein the noble metal is selected from a group

consisting of: platinum, palladium, iridium, and combinations thereof.



