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NICKEL ALUMINIDE COATING WITH
IMPROVED OXIDE STABILITY

and sloW groWing scale on the surface exposed to the
gaseous environment in the case of environmental coatings
and betWeen the bond coat and TBC in TBC systems.

FIELD OF THE INVENTION

In recent years, overlay coatings of beta phase nickel
aluminide (NiAl) intermetallic have been proposed as envi
ronmental and bond coat materials. The NiAl beta phase
exists for nickel-aluminum compositions of about 30 to
about 60 atomic percent aluminum, the balance of the

The present invention generally relates to coatings of the
type used to protect components exposed to high tempera
ture environments, such as the hostile thermal environment

of a gas turbine engine. More particularly, this invention is

nickel-aluminum composition being predominantly nickel.

directed to modi?ed NiAl overlay coatings alloyed With

Examples of beta phase NiAl coating materials include
commonly assigned U.S. Pat. No. 5,975,852 to Nagaraj et al,
Which discloses a NiAl overlay coating material containing
chromium and Zirconium. Commonly assigned U.S. Pat.

Zirconium and other elements for use as an environmental
bond coat and/or as a bond coat for a thermal barrier coating,

Wherein the overlay coatings have improved oxide stability.
BACKGROUND OF THE INVENTION

Nos. 6,153,313 and 6,255,001 to Rigney et al. and Darolia,
respectively, also disclose beta phase NiAl bond coat and

Higher operating temperatures for gas turbine engines are
continuously sought in order to increase e?iciency. HoW
ever, as operating temperatures increase, the high tempera
ture durability of the components Within the engine must

environmental coating materials. The beta-phase NiAl alloy
disclosed in Rigney et al. contains chromium, hafnium

and/or titanium, and optionally tantalum, silicon, gallium,

correspondingly increase.
Signi?cant advances in high temperature capabilities have

Zirconium, calcium, iron and/or yttrium, While Darolia’s
beta phase NiAl alloy contains Zirconium. The beta phase
NiAl alloys of Nagaraj, Rigney et al. and Darolia have been

been achieved through the formulation of nickel- and cobalt
based superalloys. For example, some gas turbine engine

thereby inhibiting spallation of the TBC and increasing the

components may be made of high strength directionally
solidi?ed or single crystal nickel-based superalloys. These

20

shoWn to improve the adhesion of a ceramic TBC layer,
25

components are cast With speci?c external features to do
useful Work With the core engine How and contain internal

cooling details and through-holes to reduce airfoil tempera
tures. Nonetheless, When exposed to the demanding condi
tions of gas turbine engine operation, particularly in the
turbine section, such alloys alone may be susceptible to
damage by oxidation and corrosive attack and may not retain

service life of TBC systems by, for example, improving the
spallation resistance of the thermal insulating layer and the
30

35

and a top thermal insulating coating often collectively

amount effective to form a stabiliZed oxide structure com

prising stabiliZed Zirconia including a substantially tetrago

minides applied by chemical vapor deposition processes,
40

nal structure upon oxidation of the alloy. The tetragonal
structure is stabiliZed such that it does not change phases and
revert to a monoclinic or monoclinic and tetragonal struc

ture, Which is not substantially tetragonal, upon thermal

cycling.

fully stabiliZed by yttria (Y2O3), magnesia (MgO) or other
oxides, are Widely used as the topcoat of TBC systems. The

In one embodiment of the invention, a NiAl overlay bond

coating composition comprises a NiAl alloy. The alloy
comprises Zr and at least one modifying element in an

referred to as a thermal barrier coating (TBC) system.
Diffusion coatings, such as aluminides and platinum alu

and overlay coatings such as MCrAlY alloys, Where M is
iron, cobalt and/or nickel, have been employed as environ
mental coatings for gas turbine components.
Ceramic materials, such as Zirconia (ZrO2) partially or

oxide stability of the NiAl bond coat.
BRIEF DESCRIPTION OF THE INVENTION

adequate mechanical properties. Thus, these components
often are protected by an environmental coating or bond coat

service life of the TBC system.
Even With the advances described above, there remains a
considerable and continuous effort to further increase the

45

In another embodiment of the invention, a stabiliZed

ceramic layer is typically deposited by air plasma spraying

oxide structure is produced by oxidiZing a NiAl alloy

(APS) or a physical vapor deposition (PVD) technique. TBC
employed in the highest temperature regions of gas turbine

comprising Zr and at least one modifying element selected

engines is typically deposited by electron beam physical
vapor deposition (EBPVD) techniques.

from the group consisting of Y, Mg, Dy, Eu, Sc, La, Er, Ce,
50

To be effective, the TBC topcoat must have loW thermal
conductivity, strongly adhere to the article and remain

tially tetragonal structure that does not change phases and
revert to a monoclinic or monoclinic and tetragonal struc

adherent throughout many heating and cooling cycles. The
latter requirement is particularly demanding due to the
different coefficients of thermal expansion betWeen thermal

55

Zirconia, Which stabiliZes the tetragonal Zirconia.

capable of satisfying the above requirements have generally
required a bond coat, such as one or both of the above-noted
60

content of a bond coat formed from these materials provides
for the sloW groWth of a strong adherent continuous alumina

layer (alumina scale) at elevated temperatures. This ther
mally groWn oxide (TGO) protects the bond coat from
oxidation and hot corrosion, and chemically bonds the
ceramic layer to the bond coat. The performance of state of
the art coatings relies on the groWth of this stable, adherent

ture, Which is not substantially tetragonal, upon heat treat
ment cycling. The stabiliZed oxide structure comprises about
4*20 mol. % of at least one modifying element oxide in the

barrier coating materials and superalloys typically used to
form gas turbine engine components. TBC topcoat materials
diffusion aluminide and MCrAlY coatings. The aluminum

Ti, Gd and combinations thereof in an amount effective to
form the stabiliZed oxide structure. The stabiliZed oxide
structure comprises stabiliZed Zirconia having a substan

In a further embodiment of the invention, a method of
producing a stable, thermally groWn oxide structure com
prises providing a NiAl overlay bond coat comprising a
NiAI alloy. The NiAl alloy comprises Zr and at least one
modifying element in an amount effective to form a stabiliZe

oxide structure comprising Zirconia having a substantially
tetragonal structure upon oxidation of the alloy. The method
65

further comprises exposing the alloy to heat to thereby
oxidiZe the alloy and form the stable, thermally groWn oxide
structure; Wherein the tetragonal structure does not change
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phases and revert to a monoclinic or monoclinic and tet

about 125 to about 300 micrometers. The surface of the bond
coat 20 oxidiZes to form an aluminum oxide surface layer

ragonal structure, Which is not substantially tetragonal, upon
heating or thermal cycling.

(alumina scale) 26 to Which the ceramic layer 22 chemically
bonds.

BRIEF DESCRIPTION OF THE DRAWINGS

According to embodiments of the invention, the overlay
bond coat 20 is a nickel aluminide intermetallic With alloy

The foregoing and other aspects of these teachings are
made more evident in the folloWing Detailed Description,
When read in conjunction With the attached DraWings,
Wherein:
FIG. 1 is a perspective vieW of a high pressure turbine

composition of bond coat 20 is described in further detail
beloW.
The bond coat 20 may be formed using any suitable

blade; and

process, such as a PVD process, thermal spraying, cathodic

ing elements. For example, bond coat 20 may be predomi
nantly of the beta NiAl phase With alloying additions. The

FIG. 2 shoWs a thermal barrier coating system, in accor
dance With an embodiment of the invention.

arc processing and sputtering. Preferably, magnetron sputter
physical vapor deposition or electron beam physical vapor
deposition (EBPVD) is employed. A suitable thickness for

DETAILED DESCRIPTION OF THE
INVENTION

Embodiments of the present invention are generally appli
cable to components that operate Within environments char

the bond coat 20 may be about 15 micrometers to protect the

underlying substrate and provide an adequate supply of
aluminum for oxide formation, though any suitable thick
ness, such as betWeen about 10 to about 125 micrometers
20

acteriZed by relatively high temperatures, and are thus
subjected to severe thermal stresses and thermal cycling.

Examples of such components include the high and loW
pressure turbine noZZles and blades, shrouds, combustor
liners and augmentor hardWare of gas turbine engines. Other
examples include airfoils, in general, and static parts such as
vanes. One particular example is the high pressure turbine

reduce the diffusion of the bond coat 20 into the underlying
substrate. Preferably, deposition of the bond coat 20 results
in virtually no di?‘usion betWeen the bond coat 20 and the
25

thin di?‘usion Zone of typically not more than about 12
30

readily adapted to other components.
The blade 10 of FIG. 1 generally includes an airfoil
against Which hot combustion gases are directed during
operation of the gas turbine engine, and Whose surface is
therefore subject to severe attack by oxidation, corrosion and
erosion. The airfoil is anchored to a turbine disk (not shoWn)

35

40

as cast thickness of the airfoil section 12 of blade 10 may

reduces formation of voluminous nonadherent oxides at the
bond coat-ceramic layer interface and reduces the amount of
substrate material that must be removed during refurbish
ment of the TBC system 18. Accordingly, articles such as
blade 10 may be refurbished more times than Would be
possible if a diffusion bond coat Was employed.

an aluminum content of about 30 to about 60 atomic percent
45

The airfoil 12 and platform 16 may be coated With a
thermal barrier coating system 18 comprising a bond coat 20

to attain the beta phase NiAl intermetallic. Preferably, bond
coat 20 has an aluminum content at an atomic ratio of about

1:1.
Bond coat 20 also may comprise additions of Zirconium

disposed on the substrate of blade 10 and a ceramic thermal
barrier coating 22 on top of the bond coat 20. HoWever, it

should be noted that the ceramic thermal barrier coating 22
on top of the bond coat 20 is not required to be present for

essentially pure aluminum oxide, promotes the sloW groWth
of the protective alumina scale 26 during engine service,

According to embodiments of the invention, the NiAl
bond coat 20 comprises nickel and aluminum, typically With

tionally solidi?ed or single crystal Ni-base superalloy. The
vary based on design speci?cations and requirements.

micrometers, typically from about 2.5 to about 10 microme
ters, may develop. A preferred heat treatment may be
conducted at about 20000 F. (10930) for about 2 to 4 hours
in vacuum. The minimal thickness of the diffusion Zone
promotes the initial formation of the alumina scale 26 as

With a dovetail 14 formed on a platform 16 of the blade 10.

Cooling holes 18 are present in the airfoil 12 through Which
bleed air is forced to transfer heat from the blade 10.
The base metal of the blade 10 may be any suitable
material, including a superalloy of Ni or Co, or combina
tions of Ni and Co. Preferably, the base metal is a direc

underlying base metal substrate. During subsequent heat
treatment to relieve residual stresses during the deposition
process, according to embodiments of the invention, a very

blade 10 shoWn in FIG. 1. For convenience, embodiments of
the invention Will be described in the context of blade 10.

HoWever, it is recogniZed that the embodiments may be

may also be employed.
The preferred deposition techniques are carried out to

typically up to about 1.2 atomic percent and preferably from
50

about 0.1 to about 1.2 atomic percent. It has been determined
that additions of about 0.1 to about 1.2 atomic percent

purposes of the present invention. ShoWn in FIG. 2 is a TBC

Zirconium to predominantly beta phase NiAl overlay coat

system 18 of a type that bene?ts from the teachings of
embodiments described herein. As shoWn, the coating sys

ings have an advantageous effect on the spallation resistant
of outer ceramic layers adhered to overlay bond coats in
TBC system. See US. Pat. No. 6,291,084 to Darolia et al.
Although additions of Zr are knoWn to improve spallation

tem 18 includes a ceramic layer 22 bonded to the substrate
of blade 10 With an overlay bond coat 20. To attain a

55

strain-tolerant columnar grain structure, the ceramic layer 22

resistance, improve oxidation resistance and provide

is preferably deposited by physical vapor deposition (PVD),

strengthening of the matrix, and thus inclusion in NiAl
coatings is desired, We have determined that long term scale

though other deposition techniques could be used. A pre
ferred material for the ceramic layer 22 is an yttria stabiliZed
Zirconia (Y SZ), With a suitable composition being about 4 to

60

about 20 Weight percent yttria. Other ceramic materials
could also be used, such as yttria, nonstabiliZed Zirconia, or
Zirconia stabiliZed by ceria, scandia or other oxides. The
ceramic layer 22 may be deposited to a thickness that is

adherence may be improved. For example, during oxidation,
the TGO formed in some prior coatings often comprises
continuous alumina and islands of Zirconia. Over time,
spallation may occur due to stresses developed in the scale
and pores or cracks may form. In particular, Zirconium

su?icient to provide the required thermal protection for the

oxides formed during oxidation of some prior NiAlCrZr
coatings may be unstabiliZed. UnstabiliZed Zirconia may

underlying substrate and blade 10, such as on the order of

transform from the monoclinic phase to tetragonal phase and

65
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back With thermal cycling. The strains experienced in the
transformation may cause cracking of the TGO, resulting in
faster scale growth rates or spallation.
It has been further experimentally determined that Zr in
some coatings may oxidiZe forming Zirconia embedded

phase or nionoclinic/tetragonal phase combination from the

Within aluminum TGO matrix or as pegs betWeen the TGO

and Zirconia phases to have a pure tetragonal structure as

higher temperature tetragonal phase during cycling. It is
noted, hoWever, that minor amounts of the monoclinic phase
such as less than about 10 vol. % may not be detrimental to

stability. Thus, it may not be necessary for the TGO structure

and adjacent coating. Microstructural experiments suggest

long as the stability is not adversely affected by any other
phases present. Thus, according to embodiments of the
invention, a complete tetragonal or substantially tetragonal
ZrO2 phase (eg about 90 vol. % or greater tetragonal)

that TGO failure may occur as a result of cracking (scal

loping) from the Zirconia formed Within the scale and/or
connected to the bond coat. Raman spectroscopy evaluations

of some prior NiAlCrZr coatings shoW that ZrO2 may have

Would be present at room temperature as Well as at the

a monoclinic and tetragonal structure at room temperature

higher oxidiZing temperatures during cycling. Thus, phase

and a tetragonal structure at the oxidiZing temperature. In
particular, Raman spectra obtained from the TGO on a

changes, Which may cause cracking in the vicinity of the

Zirconia phases may be prevented.

cyclically oxidiZed NiAlCrZr coating shoWing the presence

Based on the afore-desired mol. % range, the composition
of bond coat 20 may be tailored and determined. Accord

of monoclinic ZrO2 phases at room temperature may suggest
that phase transformations are occurring in the scale during

ingly, in a preferred embodiment of the invention, the
composition of bond coat 20 may comprise, in addition to

cycling. During cycling, the volume change in the transfor
mations betWeen the tWo structures may lead to stresses in

the TGO, Which may further lead to cracking and faster
transport of oxygen to the coating surface.
Thus, in accordance With embodiments of the invention,
We have advantageously determined hoW to modify the

20

mol % YOL5 in ZrO2, Which stabiliZes the ZrO2 forming a
stabiliZed TGO structure. Based on phase diagram analysis
for a system containing Zirconia and yttria, the desired phase

chemistry and subsequent phase stability of the formed
Zirconia and the chemistry of the as deposited bond coat
from Which the oxide forms. This advantageously enables
the formation of stabiliZed TGO structures having enhanced

25

amounts of individual MEs and Zr needed to be added to the
30

Oxidation may typically occur during coating processing,
heat treatment, application of a top ceramic layer and/or
during engine service. For example, bond coat 20 may be
heated at about 1800°*2000o F. (9820 C. *1093° C.) for
about 1 to 16 hours processing.
More particularly, We have determined that for a given

35

NiAl bond coat including Zr, other modifying alloying
additions or elements (MEs) may be selected and controlled
to result in a stabiliZed, oxidiZed structure having stabiliZed
Zirconia. Based on phase diagram analyses, We have deter
mined that a desired mol. % range of total modifying
alloying additions or elements of betWeen about 4 and about
20% is typically suitable to avoid reversion to a monoclinic

stability Was determined to be in the range of about 4 to

about 18 mole percent YOL5 in ZrO2. Once this range Was
determined and the amount of the total MEs present in the

composition including Zr, Was selected, the appropriate

performance capabilities and comprising Al2O3 phases plus
ZrO2 base phases. In particular, We have developed a method
of creating stabiliZed ZrO2 pegs or phases during oxidation.

the afore-described NiAl and Zr content, an appropriate ratio
of Y to Zr+Y to enable the formation of about 4 to about 18

bond coat 20 composition could be readily determined.
Advantageously, the overall level of constituents may be
adjusted based on desired properties and coating needs.
As set forth in Table l, similarly, other elements When
incorporated With Zr and oxidiZed Will also stabiliZe the
crystal structure. Such oxides include, but are not limited to,
divalent stabiliZers such as oxides of Ca, Mg and combina
tions thereof, trivalent stabiliZers such as oxides of Dy, La,

Eu, Sc, Y, Er, Gd and combinations thereof, pentavalent
40

stabiliZers such as oxides of Ta, as Well as quadravalent
stabiliZers such as oxides of Ce and Ti.

Table 1 beloW provides an example of suitable contents
and ranges of elements, When added alone or in combination

to Zr containing NiAl overlay coatings.
TABLE 1

Calculated Modifying Element ME Contents for Element Additions to Zr- Containing NiAl Based Coatings.
Approx. at. % ME

Approx. mol. %

Approx. at. % ME at
about 0.2 at. % ME
total content

at about 1 at. % ME
total content

range of ME in Zr

including Zr

including Zr

or approx. mol %

of ME oxide in

(Approx. at. % ME
content in coating

(Approx. at. % ME
content in coating

Modifying

ZrO2 (Approx.

With reactive

With reactive

min.

Approx.

Element

range of ME Oxide

element total of

element total of

ME

max
ME at. %

Approx.

(ME)

Oxide

to Stabilize ZrO2)

about 0.2 at. %)

about 1 at. %)

at. %

Ca

CaO

4 to
15

0.04 to
0.15

MgO

Dy

DyO1_5

4 to
12
4 to
20
4 to
13
4 to
20
4 to
17

0.008
0.008
0.008
0.008

0.15
0.15

Mg

0.008 to
0.03
0.008 to
0.024

0.008

0.04

0.008

0.2

0.04
0.008
0.026
0.008
0.04
0.008
0.034

0.2
0.04
0.13
0.04
0.2
0.04
0.17

0.008
0.008
0.008
0.008
0.008
0.008
0.008

0.2
0.13
0.13
0.2
0.2
0.17
0.17

Eu

EuOL5

Gd

GdO1_5

Sc

$0015

0.04 to
0.12

0.12
0.12
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TABLE l-continued
Calculated Modifying Element ME Contents for Element Additions to Zr- Containing NiAl Based Coatings.
Approx. at. % ME

Approx. mol. %

Approx. at. % ME at
about 0.2 at. % ME
total content

at about 1 at. % ME
total content

range of ME in Zr

including Zr

including Zr

or approx. mol %

of ME oxide in

(Approx. at. % ME
content in coating

(Approx. at. % ME
content in coating

Modifying

Z102 (Approx.

with reactive

with reactive

min

Approx.

Element

range of ME Oxide

element total of

element total of

ME

Approx.

(ME)

Oxide

to Stabilize Z102)

about 0.2 at. %)

about 1 at. %)

at. %

max
ME at. %

La

LaO1_5

Y

YO1_5

Er

ErOl_5

Ce

CeO2

Ti

TiO2

4 to
20
4 to
18
4 to
20
10 to
40
5 to
20

0.008
0.04
0.008
0.036
0.008
0.04
0.02
0.08
0.01
0.04

0.04
0.2
0.04
0.18
0.04
0.2
0.1
0.4
0.05
0.2

0.008
0.008
0.008
0.008
0.008
0.008
0.02
0.02
0.01
0.01

0.2
0.2
0.18
0.18
0.2
0.2
0.4
0.4
0.2
0.2

*oxide-one metal atom and oxygen atom; can be fractional

Since Zr and the ME identi?ed may also be considered
For instance, as shown in Table 1 for the ?rst element, a 25
reactive elements, the preferred range of reactive elements
NiAl bond coat comprising Zr and Ca was chosen for the
desired in the coating may be chosen to be maintained. For
bond coating system. The system was also chosen to include
instance, if a total reactive element level of about 0.5 at. %
about 0.2 at % or about 1 at. % of total modifying elements

(ME) including the Zr content (or total reactive element
content (RE)). See columns 45. Based on phase diagram

is targeted and Y is added in conjunction with Zr to form
30

yttria-stabilized zirconia (Y SZ), the total of Y+Zr should

analysis, it was then determined that about 4 to about 15

equal about 0.5 at. %. The amount of Y to add, and balance

mol. % Ca oxide (ME oxide) in the Zr oxide was suitable to

of Zr to maintain may be determined, for example, by

knowing:

maintain a stable, substantially tetragonal phase without
reverting to an unstable monoclinic phase upon thermal
cycling. With the above values, the amount of Ca to be

35

included into the bond coating 20 composition could readily

coating

be determined (see Cols. 4*5 of Table 1). Thus, based on

(3) The amount of ME-oxide required to stabilize ZrO2.

Col. 4, about 0.008*0.03 at. % Ca and about 0.192 at %

down to about 0.17 at. % Zr, respectively, may be employed
in the composition of bond coat 20 to achieve the desired

40

stability.
45

50

Zr:0.5(%0.02:0.48; and
For maximum level (about):
Y (at. %):(0.5 at. % total RE content)><(18% or 18/100)
:0.09 at. %
Zr:0.5(%0.09:0.41 at. %.

been formed can transform back and forth from tetragonal to

monoclinic phases in some prior coatings. The phase
changes are accompanies by signi?cant volume changes that
can cause stress that then can lead to cracking of the scale. 55

Advantageously, embodiments of the invention describe
modifying elements (ME) that can be added in conjunction
with Zr to provide stabilization of mixed oxide that would
subsequently form. It is assumed that the ME and Zr in the
coating, when oxidized, may form oxides in the same molar

In general, the following calculations may be completed:
Minimum ME content:(total RE content)><(minimum
mole fraction oxide needed for stabilization)
Maximum ME content:(total RE content)><(maximum
mole fraction oxide needed for stabilization)
Minimum Zr content:(total RE content)—(maximum ME

content)
Maximum Zr content:(total RE content)—(minimum ME

ratio as in the coating and that the oxides formed will be a

content).

homogeneous compound. Thus, the ME chosen and the

The calculations in the Table illustrate examples of such
calculations that may be completed for various modifying

amount to be incorporated will enable a tetragonal or

substantially tetragonal stabilized ZrO2-ME-oxide to be
formed. Some of the ME-oxides that stabilize the tetragonal
phase are shown in Table 1; the range of ME-oxide that
should be present in ZrO2 is also shown.

the following calculations could be done:
For minimum level (about):
Y (at. %):(0.5 at. % total RE content)><(4% or 4/100)
:0.02 at. %

temperature, for example, room temperature to about 100° F.

(538° C.), and back to elevated temperatures, 2200° F.
(1204° C.), it has been determined that ZrO2 that may have

As a further example, if a total reactive element content
of about 0.50% was desired, Y was to be added to the

coating, and a minimum of about 4 mol % YO1_5 or maxi
mum of about 18 mol % YO1_5 was desired for stabilization,

afore-referenced mol. % of between about 4 to about 15 for

Thus, in sum NiAl coatings containing Zr and high
amounts of Al will typically form both alumina (A1203) and
zirconia (ZrO2) during high temperature exposure at tem
peratures greater than, for example, about 1800° F. (982° C.)
in an oxidizing environment. During thermal cycling to low

(1) The substitution reaction (eg one mole of YOL5
replaces one mole of ZrO2)
(2) The total reactive element (RE) content desired in the
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elements, ranges over which the oxides of these ME’s

provide phase stabilization, and for two di?ferent select total
reactive element content totals. Of course, the calculations

US 7,070,866 B2
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may be customized to any Zr or other element level or

tially tetragonal, upon thermal cycling Wherein the element

combination and any ?xed ME-oxide content desired for the

is an element selected from the group consisting of Mg in an
amount effective to form betWeen about 4 and about 12 mol.

coating.
Table 1 also advantageously demonstrates that for a given
NiAl bond coat including Zr, alloying additions may be

% MgO in the Zirconia, Which stabiliZes the Zirconia, Dy in

selected and controlled to result in a stabiliZed, oxidized
structure containing stabiliZed Zirconia. We have determined
that oxidiZed structures having the mol. % content range set

mol. % DyOL5 in the Zirconia, Which stabiliZes the Zirconia,

forth in the third column of Table 1 may advantageously

Zirconia, Sc in an amount effective to form betWeen about 4

an amount effective to form betWeen about 4 and about 20

Eu in an amount effective to form betWeen about 4 and about

13 mol. % EuOl_5 in the Zirconia, Which stabiliZes the

maintain a stable tetragonal ZrO2 phase Without reverting

and about 17 mol. % ScOl_5 in the Zirconia, Which stabiliZes

back to a monoclinic ZrO2 phase upon thermal cycling.
Thus, this stabiliZed Zirconia may prevent cracking of the

the Zirconia, La in an amount effective to form betWeen

about 4 and about 20 mol. % LaOL5 in the Zirconia, Which

TGO, reduce scale groWth rates and spallation.

stabiliZes the Zirconia, Er in an amount effective to form

The above Table 1 is meant to be merely illustrative and

betWeen about 4 and about 20 mol. % ErOl_5 in the Zirconia,

therefore non-limiting. For example, according to embodi

Which stabiliZes the Zirconia, Ce in an amount effective to

ments of the invention, additional or alternative elements,
alone or in combination, may be employed in the NiAl bond

form betWeen about 10 and about 40 mol. % CeO2 in the
Zircoma, Which stabiliZes the Zirconia, and Gd in an amount
effective to form betWeen about 4 and about 20 mol.%

coat 20 to form a stabiliZed structure. For instance, bond coat

20 may also comprise betWeen about 0415 at. % chromium,
betWeen about 042 at. % hafnium, among other elements

GdOL5 in the Zirconia.
20

and combinations depending upon the desired properties of
the bond coat 20. Other elements such as silicon, iron and
gallium, to name a feW, may also be included in amounts up
to about 5 at. %, up to about 1 at. % and up to about 0.5 at.

%, respectively.

25

While various embodiments are described herein, it Will

be appreciated from the speci?cation that various combina
tions of elements, variations or improvements therein may
be made by those skilled in the art, and are Within the scope
of the invention.
What is claimed is:

1. A NiAl overlay bond coating composition comprising

10. The composition of claim 6, Wherein the alloy further
35

it does not change phases and revert to a monoclinic or

monoclinic and tetragonal structure, Which is not substan
40

2. The composition of claim 1, Wherein the element is Y

45

mol. % TiO2 in the Zirconia, Which stabiliZes the Zircoma.
4. The composition of claim 1, Wherein the stabiliZed

50

fying elements to stabiliZe the Zirconia.
14. The composition of claim 13, Wherein the range is
betWeen about 0141.2 at. %.

15. The composition of claim 14, Wherein the range is
betWeen about 0.241 at. %.
55

16. The composition of claim 13, Wherein the stabiliZed
oxide structure comprises betWeen about 4420 mol. % of the

modifying elements oxides in the Zirconia, Which stabiliZes

oxide of Dy, La, Eu, Sc, Y, Er, Gd and combinations thereof,
the pentavalent stabiliZing oxide is Ta; and the quadravalent

the Zirconia.
17. A stabiliZed oxide structure produced by oxidiZing a
NiAl alloy comprising Zr and at least one modifying ele

oxide is selected from the group consisting of an oxide of Ce
and Ti.
60

a NiAl alloy, the alloy comprising Zr and at least one

ment selected from the group consisting of, Mg, Dy, Eu, Sc,
La, Er, Gd, Ce, and combinations thereof in an amount
effective to form the stabiliZed oxide structure, Wherein the
stabiliZed oxide structure comprises stabiliZed Zirconia hav

modifying element in an amount effective to form a stabi

liZed oxide structure comprising stabiliZed Zirconia includ
ing a substantially tetragonal structure upon oxidation of the
alloy, Wherein the tetragonal structure is stabiliZed such that

layer deposited over the NiAl overlay coating.
13. The composition of claim 6, Wherein the alloy com

pentavalent oxide.

6. A NiAl overlay bond coating composition comprising

deposited over the substrate and a ceramic thermal barrier

prises a range betWeen about 0.142 at. % of Zr and modi

oxide structure comprises at least one oxide selected from

5. The composition of claim 4, Wherein the divalent
stabiliZing oxide is selected from the group consisting of an
oxide of Ca, Mg and combinations thereof; the trivalent
stabiliZing oxide is selected from the group consisting of an

consisting of: hafnium from about (%2 at. %, chromium
from about (%15 at. %, silicon from about 045 at. %, iron
from about 041 at. % and gallium from about 0%).5 at. %.
11. The composition of claim 10, Wherein the alloy is a
beta NiAl alloy comprising betWeen about 30 and about 60

12. A thermal barrier coating system comprising a base
metal substrate, the NiAl overlay bond coating of claim 6

mol % YOL5 in the Zirconia, Which stabiliZes the Zirconia.
3. The composition of claim 1, Wherein the element is Ti

the group consisting of a divalent stabiliZing oxide, a triva
lent stabiliZing oxide, a quadravalent stabiliZing oxide and a

comprises at least one element selected from the group

at. % Al.

in an amount effective to form betWeen about 4 and about 18

in an amount effective to form betWeen about 5 and about 20

modifying element is selected from the group consisting of,
in at. %:, 0.04%).12 Mg, 0.04 40.2 Dy, 00440.13 Eu;
00440.17 Sc, 0.04%).2 La, 0.04402 Er, 0.04%).2 Gd, and
00140.4 Ce.

modifying element in an amount effective to form a stabi

tially tetragonal, upon thermal cycling.

modifying element is selected from the group consisting of,
in at. %: 000840.024 Mg, 0.0084004 Dy, 0.0084026 Eu,
000840.034 Sc, 00080.04 La, 0.008%).04 Er, 000840.04
Gd, and 0.024008 Ce.
9. The composition of claim 6, Wherein the alloy com
prises i) about 1 at. % total Zr and ii) the at least one

30

a NiAl alloy, the alloy comprising Zr and at least one

liZed oxide structure comprising stabiliZed Zirconia includ
ing a substantially tetragonal structure upon oxidation of the
alloy, Wherein the tetragonal structure is stabiliZed such that

7. The composition of claim 6, Wherein the alloy com
prises betWeen about 0.2 and about 1 at. % Zr.
8. The composition of claim 6, Wherein the alloy com
prises i) about 0.2 at. % total of Zr and ii) the at least one

ing a substantially tetragonal structure that does not change
65

phases and revert to a monoclinic or monoclinic and tet

it does not change phases and revert to a monoclinic or

ragonal structure, Which is not substantially tetragonal, upon

monoclinic and tetragonal structure, Which is not substan

heat treatment cycling, and the stabiliZed oxide structure
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comprises about 4*20 mol. % of at least one modifying
exposing the alloy to heat to thereby oxidize the alloy and
element oxide in the Zirconia, Which stabilizes the tetragonal
form the stable, thermally grown oxide structure;
Zirconia.
Wherein the tetragonal structure does not change phases
18. A method of producing a stable, thermally groWn
and revert toamonoclinic or monoclinic and tetragonal
oxide structure comprising:
5
structure, Which is not substantially tetragonal, upon
providing a NiAl overlay bond coat comprising a NiAl
heating or thermal cycling.
alloy, the NiAl alloy comprising Zr and at least one
19. The method of claim 18, Wherein the stabiliZed oxide
modifying element selected from the group consisting
structure comprises about 4*20 mol. % of at least one
of Mg, Dy, Eu, Sc, La, Er, Gd, and Ce in an amount
modifying element oxide in the Zirconia, Which stabiliZes
effective to form a stabiliZe oxide structure comprising 10 the Zirconia.

Zirconia having a substantially tetragonal structure
upon oxidation of the alloy; and
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