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[571 ABSTRACT

A thermal barrier protected nickel based or cobalt based
superalloy component for use in a gas turbine engine
includes a thermal barrier coating system having a multi-
layered structure. The first bondcoat layer of the thermal
barrier coating system comprises a chemical vapor
deposited, platinum modified diffusion aluminide layer on
the superalloy component (substrate). The diffusion alu-
minide layer includes an inner diffusion zone proximate the
substrate and an outer layer region comprising a platinum
modified (platinum-bearing) intermediate phase of alumi-
num and at least one of nickel and cobalt depending on the
superalloy composition. The intermediate phase is a non-
ordered solid solution having a range of compositions and is
free of other phase constituents. The intermediate phase has
an average aluminum concentration in the range of about 18
to about 26% by weight, an average platinum concentration
in the range of about 8 to about 35% by weight, and an
average nickel concentration in the range of about 50 to 60%
by weight and is non-stoichiometric relative to intermetallic
compounds of aluminum and nickel, aluminum and cobalt,
and aluminum and platinum. An adherent alpha alumina
layer is thermally grown on the diffusion aluminide layer
and receives an outer ceramic thermal barrier layer depos-
ited thereon.

17 Claims, 3 Drawing Sheets
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THERMAL BARRIER COATING SYSTEM
WITH INTERMEDIATE PHASE BONDCOAT

FIELD OF THE INVENTION

The present invention relates to thermal barrier coating
systems for nickel-based and cobalt-based superalloys.

BACKGROUND OF THE INVENTION

Thermal barrier coating systems of various types are well
known in the gas turbine engine industry as one means for
protecting nickel-based and cobalt-based superalloy
components, such as turbine blades and vanes, from oxida-

tion and corrosion during engine operation.

" One type of thermal barrier coating system involves
depositing on the superalloy component (substrate) to be
protected an MCrAlY metal alloy overlay where M is iron,
nickel, cobalt, or a combination thereof, oxidizing the metal
alloy overlay to form an alumina layer in-situ on the
bondcoat, and then depositing a ceramic thermal barrier
layer having columnar morphology on the alumina layer.
Such a thermal barrier coating is described in U.S. Pat. Nos.
4,321,310 and 4,321,311.

Another type of thermal barrier coating system exempli-
fied by U.S. Pat. No. 5,238,752 involves forming on the
superalloy component (substrate) to be protected a high
aluminum, atomically ordered intermetallic compound as a
bondcoat. The intermetallic compound comprises, for
example, equiatomic nickel aluminide (NiAl) having an Al
content of 31.5% by weight or platinum modified nickel
aluminide known commercially as Chromalloy RT-22 hav-
ing a high aluminum intermetallic NiAl Al matrix and
including PtAl, phases in the coating microstructure. The
intermetallic compound bondcoat is oxidized to form a
thermally grown alumina layer in-situ thereon, and then a
ceramic thermal barrier layer having columnar or other
morphology is deposited on the alumina layer.

Still another type of thermal barrier coating system exem-
plified by U.S. Pat. Nos. 4,880,614 and 5,015,502 involves
forming on the superalloy component (substrate) to be
protected a metallic bondcoat which may comprise an
MCrALY metal alloy overlay or a diffusion aluminide layer
predominantly composed of aluminum intermetallic (e.g.
NiAl, CoAl, and (Ni/Co)Al phases) which may be modified
with Pt, Si, Hf, Cr, Mn, Ni, Co, Rh, Ta, Nb, and/or
particulates, chemical vapor depositing (CVD) a high purity
alpha alumina layer on the metallic bondcoat, and depositing
a ceramic thermal barrier layer on the CVD alpha alumina
layer.

In the manufacture of thermal barrier coating systems, the
ceramic thermal barrier material, such as yttria stalized
zirconia, has been applied to the bondcoat by plasma spray-
ing wherein coating adherence is promoted by the roughness
of the bondcoat. Controlled porosity and microcracking
within the ceramic thermal barrier layer accommodates
strain developed due to the differences in thermal expansion
coefficients between the ceramic and the substrate superal-
loy. Alternately, ceramic thermal barrier material has been
applied to the bondcoat by physical vapor deposition (PVD),
such as sputtering and electron beam evaporation, under
conditions to produce a columnar morphology (i.e. indepen-
dent ceramic columns) in the ceramic thermal barrier layer.
This columnar morphology organizes the coating porosity
between the columns to accommodate strain from thermal
expansion mismatch between the substrate and ceramic
thermal barrier layer.

An object of the present invention is to provide an
improved thermal barrier coating system for use on gas
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turbine engine and other superalloy components or articles
operating at elevated temperatures where oxidation and
corrosion protection is needed.

Another object of the present invention is to provide a
thermal barrier coating system by an improved method
which results in advantages in the manufacture of thermal
barrier coating systems.

SUMMARY OF THE INVENTION

The present invention provides a thermal barrier protected
nickel based or cobalt based superalloy component, and
method of making same, for use in a gas turbine engine
wherein the thermal barrier coating system includes a multi-
layered structure. The first bondcoat layer of the thermal
barrier coating system comprises a chemical vapor
deposited, platinum modified diffusion aluminide layer on
the superalloy component (substrate). The diffusion alu-
minide layer includes an inner diffusion zone proximate the
substrate and an outer layer region comprising a platinum
modified (platinum-bearing) intermediate phase of alumi-
num and at least one of nickel and cobalt depending on the
superalloy composition.

For example, for nickel based superalloy substrates, the
intermediate nickel-aluminum phase resides in the beta solid
solution intermediate phase region of the binary nickel-
aluminum phase diagram. For cobalt based superalloy
substrates, the intermediate phase resides in the zeta phase
region of the binary cobalt-aluminum phase diagram. The
intermediate phase is a solid solution having a range of
compositions and is substantially free of other phase con-
stituents. The intermediate phase has an average aluminum
concentration (through the outer layer region thickness) in
the range of about 18 to about 26% by weight, an average
platinum concentration (through the layer thickness) in the
range of about 8 to about 35% by weight, and an average
nickel concentration (through the layer thickness) in the
range of about 50 to 60% by weight and is non-
stoichiometric relative to intermetallic compounds of alu-
minum and nickel, aluminum and cobalt, or aluminum and
platinum. For example, the intermediate phase is hyposto-
ichiometric in aluminum relative to the intermetallic com-
pounds AINi and Al,Ni; employed heretofore as bondcoats
in thermal barrier coating systems.

The platinum modified diffusion aluminide layer prefer-
ably is formed by depositing a layer of platinum or alloy
thereof on the substrate and chemical vapor depositing
aluminum on the platinum covered susbtrate under high
temperature and low aluminum activity conditions to form
the inner diffusion zone and the outer intermediate phase
region.

An adherent alumina layer is thermally grown on the
diffusion aluminide layer by, for example, oxidizing the
outer layer region in a low partial pressure oxygen atmo-
sphere at a temperature greater than-about 1800 degrees F.
that promote in-situ formation of alpha alumina. The ther-
mally grown alumina layer receives an outer ceramic ther-
mal barrier layer thereon, preferably deposited by electron
beam evaporation of ceramic thermal barrier material and
condensation on the alumina layer.

The invention is advantageous in that a kinetically stable
diffusion aluminide layer is produced by a long time CVD
exposure at high temperature/low aluminum activity to
produce a diffusion aluminide layer with an intermediate,
non-stoichiometric single phase microstructure formed at
the outer layer region on top of which the alumina layers and
ceramic thermal barrier layer reside. The spallation of the
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ceramic thermal barrier layer is improved significantly as
compared to thermal barrier spallation on a like substrate
having a two-phase (stoichiometric NiAl plus PtAl,
intermetallic) platinum modified diffusion aluminide bond-
coat (the aforementioned RT22 aluminide) with a thermally
grown alumina layer between the bondcoat and the thermal
barrier layer.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a scanning electron micrograph of a thermal
barrier protected nickel based substrate in accordance with
an embodiment of the present invention.

FIG. 2 is a phase diagram for the binary nickel-aluminum
system.

FIG. 3 is similar to FIG. 1 but marked to indicate how
chemical analyses were conducted for Al, Pt, and Ni in the
bondcoat by microprobe using wavelength dispersive spec-
troscopy.

FIG. 4 is a schematic diagram of ceramic thermal barrier
coating apparatus that can be used in practicing the inven-
tion.

DESCRIPTION OF THE INVENTION

FIG. 1 is a scanning electron micrograph of a thermal
barrier protected nickel-based superalloy substrate in accor-
dance with an embodiment of the present invention. As is
apparent, the thermal barrier coating system comprises a
multi-layered structure comprising a first bondcoat layer
designated MDC-150L in FIG. 1, a thermally grown alumina
layer on the bondcoat, and a ceramic thermal barrier layer
designated EB-TBC on the thermally grown alumina layer.

The present invention can be used with known nickel
based and cobalt based superalloy substrates which may
comprise equiaxed, DS (directionally solidified) and SC
(single crystal) castings as well as other forms of these
superalloys, such as forgings, pressed superalloy powder
components, machined components, and other forms. For
example only, the examples set forth below employ the well
known René alloy N5 nickel base superalloy having a
composition of Ni-7.0% Cr- 6.2% Al-7.5% Co0-6.5%
Ta-1.5% Mo-5.0% W-3.0% Re-0.15% Hf-0.05% C-0.018%
Y (% by weight) used for making SC turbine blades and
vanes. Other nickel base superalloys which can be used
include, but are not limited to, MarM247, CMSX4, PWA
1422, PWA 1480, PWA 1484, René 80, René 142, and SC
180. Cobalt based superalloys which can be used include,
but are not limited to, FSX-414, X-40, and MarM509.

The bondcoat layer designated MDC-150L comprises a
chemical vapor deposited, platinum modified diffusion alu-
minide layer on the Ni-based superalloy subtrate. The dif-
fusion aluminide layer includes an inner diffusion zone
proximate the nickel base superalloy substrate and an outer
layer region comprising a platinum modified (platinum-
bearing) intermediate phase of aluminum and nickel (or
cobalt depending on the superalloy composition). The over-
all thickness of the bondcoat is in the range of about 1.5 to
about 3.0 mils.

For example, for nickel based superalloy substrates, the
intermediate nickel-aluminum phase resides in the beta solid
solution intermediate phase region of the binary nickel-
aluminum phase diagram shown in FIG. 2. For cobalt based
superalloy substrates, the intermediate phase resides in the
zeta phase region of the binary cobalt-aluminum phase
diagram which can be found in Binary Alloy Phase
Diagrams, American Society of Metals, Editor-In-Chief
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Thaddeus B. Massalski, 1986. The intermediate phase is a
metallic solid solution having a range of compositions and
is substantially free of other phase constituents (i.e. minor
amounts such as less than 5 volume % of other phases may
occur in the microstructure).

The intermediate phase has an average aluminum con-
centration (through the layer thickness) in the range of about
18 to about 26% by weight, an average platinum concen-
tration (through the layer thickness) in the range of about §
to about 35% by weight, and an average nickel concentration
(through the layer thickness) in the range of about 50 to 60%
by weight and is non-stoichiometric relative to intermetallic
compounds of aluminum and nickel, aluminum and cobalt,
and aluminum and platinum. For example, the intermediate
phase is hypostoichiometric in aluminum relative to the
intermetallic compounds AINi and Al,Ni, employed here-
tofore as bondcoats in thermal barrier coating systems.

When the substrate is first platinum plated followed by
CVD aluminizing, the aluminum and platinum concentra-
tions in the intermediate phase layer are graded such that the
aluminum concentration is highest at an outer surface of the
outer layer region and the platinum concentration is highest
proximate the inner diffusion zone. The nickel concentration
decreases from the outer surface toward the diffusion zone.

The platinum modified diffusion aluminide layer prefer-
ably is formed by depositing a layer of platinum or alloy
thereof on the substrate and chemical vapor depositing
aluminum on the platinum covered substrate under high
temperature and low aluminum activity conditions described
in copending application Ser. No. 08/330,694 of common
assignee herewith, the teachings of which are incorporated
herein by reference with respect to CVD formation of the
platinum modified diffusion aluminide layer. The deposition
conditions are controlled to form the inner diffusion zone Z
of FIG. 1 and the outer intermediate single phase region P of
FIG. 1 as an additive region to the nickel based superalloy
substrate by virtue of outward diffusion of substrate nickel
and other substrate alloying elements. Other elements may
be added to the bondcoat during CVD formation. For
example, such elements as Si, Hf, Y, and other Lanthanide
and Actinide series elements with favorable chlorination
thermodynamics can be added to the layer as disclosed in the
aforémentioned copending application Ser. No. 08/330,694.

For example, generally, the substrate is electroplated with
a 9-11 milligram/centimeter squared platinum layer (e.g. 2
mil thick Pt layer) and then subjected, without a Pt predif-
fusion treatment, to CVD aluminizing at a substrate tem-
perature greater than 1000 degrees C. (e.g. 1080 degrees C.)
and contacting a high purity coating gas mixture comprising
hydrogen carrier gas (less than 30 parts per billion
impurities) and aluminum trichloride gas (less than 25 parts
per million impurities) that result in a decrease in the
concentrations of deleterious substrate substitutional alloy-
ing elements, such as W, Cr, Ti, and Mo, and surface active
tramp elements, such as B, P, and S.

A typical CVD coating gas mixture comprises 9 volume
% aluminum trichloride and 91 volume % hydrogen at a
flow rate of 300 scfm. More generally, the aluminum trichlo-
ride gas typically does not exceed 10 volume % of the
coating gas mixture, and preferably is in the range of 4 to 6
volume % of the coating gas mixture. The coating gas flow
rate typically is within the range of 200 to 400 scfm. As
mentioned, the substrate temperature is greater than 1000
degrees C.

Coating gas mixture for forming the bondcoat can be
generated by passing high purity hydrogen (less than 30 ppb
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impurities) and high purity hydrogen chloride (less than 25
ppm impurities) in mixture of hydrogen/13 volume % HCl
over a 99.999% pure source of aluminum at 290 degrees C.

as set forth in the aforementioned copending application Ser.
No. 08/330,694.

The thin adherent alpha alumina layer is thermally grown
on the diffusion aluminide layer designated MDC-150L
under conditions effective to form an alpha alumina layer,
rather than other forms of alumina, such as gamma alumina.
For example, the diffusion aluminide layer is oxidized in a
low partial pressure oxygen atmosphere, such as a vacaum
less than 107 torr, or argon or hydrogen partial pressures
having oxygen impurities at temperatures greater than about
1800 degrees F. that promote in-situ formation of the alpha
phase alumina. The thickness of the alpha alumina layer is
in the range of about 0.01 to 2 microns.

For purposes of illustration, the alpha alumina layer can
be formed in-situ by evacuating a vacaum furnace to 1x1075
torr and backfilling with argon having oxygen impurities to
10 torr, ramping the substrate having the platinum modified
diffusion aluminide layer thereon to 1925 degrees F., holding
at temperature for one hour, and cooling to room tempera-
ture for removal from the furnace.

The thermally grown alpha alumina layer receives an
outer ceramic thermal barrier layer designated EB-TBC in
FIG. 1. In one embodiment of the invention, the ceramic
thermal barrier layer can be deposited on the alpha alumina
layer by electron beam physical vapor deposition apparatus
shown schematically in FIG. 4 wherein a source (e.g. ingot
feeder in FIG. 1) of ceramic thermal barrier material is
evaporated by electron beam heating from the electron beam
gun and condensed on the alpha alumina layer of the
substrate(s) S positioned and rotated in a coating chamber
typically above the source of ceramic thermal barrier mate-
rial in the vapor cloud from the source.

For example, the loading and preheat chamber shown
connected to the thermal barrier coating chamber is first
evacuated to below 1x10~* torr and the substrate mounted
on a rotatable shaft (part manipulator) is heated therein to
1750 degrees F. in the loading/preheat chamber. In the
coating chamber, an electron beam (power level of 65 kW)
from the electron beam gun is scanned (rate of 750 Hertz)
over an ingot I of yttria stablized zirconia (or other thermal
barrier ceramic material) to evaporate it. The electron beam
scans the ingot at an angle to avoid the substrates and back
reflection of the beam. For zirconia based materials, oxygen
is introduced into the coating chamber to produce a pressure
of 1-20 microns ensuring a deposition of a white near-
stoichiometric yttria stablized zirconia deposit is formed on
the alumina. To minimize heat loss, the preheated coated
substrate(s) S then is/are rapidly moved on the shaft from the
loading/preheat chamber to a coating position in heat reflec-
tive enclosure E in the coating chamber above the ingot L
The enclosure includes an opening for the electron beam to
enter. The substrate is rotated by the shaft at a speed of 30
pm about 11 inches above the ingot, although the spacing
can be from about 1015 inches. Deposition is conducted for
a time to produce the desired thickness of ceramic thermal
barrier layer. Typical thickness of the thermal barrier layer is
in the range of 4 to 12 mils (0.004 to 0.012 inch).

The present invention is not limited to forming a thermal
barrier layer having columnar grain microstructure shown in
FIG. 1. Other thermal barrier layer structures may be
employed. For example, a plurality of alternating thin layers
of yttria stablized zirconia and alumina (each approximately
one micron thick) can be electron beam PVD deposited on
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the alumina layer as the thermal barrier layer. The number of
individual ceramic layers can be controlled to provide a
desired thermal barrier layer thickness.

For purposes of illustration and not limitation, substrate
specimens of a thermal barrier protected René alloy N5
substrate were made pursuant to an embodiment of the
invention for cyclic oxidation testing. The specimens were
one inch in diameter and 0.125 inches in thickness and were
ground flat and then media finished with polishing stones to
round sharp edges. The bondcoat designated MDC-150L
was formed using the following parameters:
substrate temperature: 1975 degrees F.
coating gas: 280 cubic feet per hour (cfh) hydrogen and 12

cfh of HCI to generate AICl; from the aforementioned

high purity aluminum bed
coating gas flow rate: 292 cth
for a coating time to yield an MDC-150L coating thickness
of 2.4 to 2.6 mils on the substrate specimens.

The alpha alumina layer was formed on the bondcoat
coated specimens by heat treating in an argon environment
by first evacuating a vacuum chamber to 1x107° torr and
backfilling to 10 torr with shop argon having sufficient
oxygen impurities to form alumina at temperature, ramping
the substrate to temperature of above 1800 degrees F. (e.g.
1925 degrees F.), holding at temperature for one hour, and
cooling to room temperature for removal from the furnace.

Eight substrate specimens next were attached on the
rotatable shaft of the aforementioned electron beam PVD
coating apparatus in the loading/preheat chamber. The
chamber was evacuated 107 torr and the substrate speci-
mens heated to 1760 degrees F. Once the specimen tem-
perature had equilibrated, the specimens were translated on
the shaft into the coating chamber. Prior to movement into
the coating chamber, the coating chamber was stabilized to
achieve an oxygen pressure of 6—8 microns at 1970 degrees
F. while the electron beam at a power level of 65 kW was
scanned at a rate of 750 Hertz across a 7-8 weight % yttria
stabilized zirconia ingot. The specimens were rotated at 30
rpm over the molted ceramic pool in the vapor cloud for 19
minutes to deposit a 4.2 to 4.4 mil thick columnar yttria
stablized zirconia coating on the alpha alumina layer.

A typical microstructure of the thermal barrier coating
system so formed is shown in FIG. 1 and described here-
above. As is apparent, the thermal barrier coating system
comprises a multi-layered structure comprising the first
bondcoat layer designated MDC-150L, the thermally grown
alumina layer on the bondcoat, and the ceramic thermal
barrier layer designated EB-TBC on the thermally grown
alumina layer.

Table I below sets forth Al, Pt, and Ni average concen-
trations through the thickness of the bondcoat for severat
alloy NS5 substrate specimens with the thermal barrier layer.

The alloyant concentrations were measured by a micro-
probe using wavelength dispersive spectroscopy wherein a
electron beam is controlled to form a box pattern or shape
approximately 5 microns by 5 microns in dimension from
which X-rays characeristic of the elements present are
emitted and analyzed. A line of usually 5 such analysis boxes
was used to make measurements from the top of the bond-
coat progessively toward the diffusion zone Z through the
bondcoat thickness (e.g. see FIG. 3).

The data for each of Al, Pt, and Ni from each analysis box
were averaged for each line. This measuring technique was
repeated at five different locations (at five different electron
beam lines) on the bondcoat. The averaged data for each
different line or location #1-#5 is set forth in Table I along
with the average data for all lines and all data.
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TABLE 1
TBC Average Wt. %
Mount No. Alloy Run No. Al Pt Ni Others
71286 N5 127 215 156 541 88 #1
213 156 546 85 #2
216 159 55.1 74 #3
215 164 54.1 8.0 #4
214 166 548 72 #
Average 215 160 54.5 8.0
Minimum 199 140 52.1
Maximum 22.8 17.6 57.3
71285 NS 1-27 221 15.5 534 90 #1
225 158 54.5 72 #2
227 16.0 54.6 75 #3
222 16.2 53.6 80 #4
22.5 15.8 540 77 #5
Average 224 159 54.0 7.7
Minimum 209 133 519
Maximum 242 174 574
71284 N5 1-27 230 154 54.5 71 #
224 166 53.5 75 #2
226 164 540 70 #
225 167 538 70 #4
223 177 532 6.8 #5
Average 226 166 538 7.0
Minimum 205 119 51.1
Maximum 253 193 58.6
All Data
Average Wt. %
Average 222 16.2 54.1
Minimum 199 11.9 51.1
Maximum 253 193 58.6

The specimens were tested in a 2075 degree F. cyclic
oxidation test where the thermal barrier protected specimens
of the invention were subjected to test cycles each 60
minutes in duration consisting of a 2075 degree F. exposure
for 50 minutes in air followed by 10 minutes of cooling in
air to below 300 degrees F. The following Table II summa-
rizes the cyclic oxidation testing. For comparison, thermal
barrier spallation on a like Alloy N5 substrate having a
two-phase (stoichiometric NiAl plus PtAl, intermetallic)
platinum modified diffusion aluminide bondcoat (the afore-
mentioned RT22 aluminide) with a thermally grown alumina
layer between the bondcoat and the thermal barrier layer is
shown in Table II.

TABLE IT

Ceramic Spallation Test

Bondcoat Tests Ave. Cycles to Failure
MDC-150L 3 820
Prior Art (Platinum Aluminide) 10 380

Tt is apparent that the thermal barrier coating system of the
specimens of the invention exhibited spallation of the yttria
stabilized zirconia layer after an average of 820 cycles as
compared to to only 380 cycles to spallation for the com-
parsion specimens outside the invention.

The invention is advantageous in that a thermally stable
diffusion aluminide layer is produced by high temperature/
low aluminum activity/relatively long time CVD exposure
to produce an outward diffusion aluminide layer with an
intermediate, non-stoichiometric single phase microstruc-
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ture formed at the outer layer region on top of which the
alumina layer and ceramic thermal barrier layer reside.

I claim:

1. An article for use in a gas turbine engine, comprising:

a substrate selected from the group consisting of a nickel
base superalloy substrate and cobalt based superalloy
substrate,

a chemical vapor deposited, diffusion aluminide layer
formed on the substrate, said aluminide layer having an
outer layer region comprising a solid solution interme-
diate phase and having an inner diffusion zone region
proximate the substrate, said intermediate phase having
an average aluminum concentration in the range of
about 18 to about 26% by weight, an average platinum
concentration in the range of about 8 to about 35% by
weight, and an average nickel concentration in the
range of about 50 to about 60% by weight so as to be
non-stoichiometric relative to intermetallic compounds
of aluminum and nickel, aluminum and cobalt, or
aluminum and platinum, said outer layer region being
substantially free of phase constituents other than said
intermediate phase,

an alumina layer on the aluminide layer, and

a ceramic thermal barrier layer on the alumina layer.

2. The article of claim 1 wherein said intermediate phase
resides in a beta solid solution intermediate phase region of
a binary nickel-aluminum phase diagram.

3. The article of claim 1 wherein said intermediate phase
resides in a zeta phase region of a binary cobalt-aluminum
phase diagram.

4. The article of claim 1 wherein said outer layer region
is about 0.1 to 3.0 mils in thickness.

5. The article of claim 1 wherein said ceramic thermal
barrier layer comprises a columnar microstructure.

6. The article of claim 1 wherein said ceramic thermal
barrier layer comprises alternating layers of ceramic thermal
barrier material. )

7. The article of claim 1 wherein the ceramic thermal
barrier layer comprises yttria stabilized zirconia.

8. The article of claim 1 wherein the aluminum concen-
tration of said intermediate phase is highest at an outer
surface of said outer layer region and said platinum con-
centration of said intermediate phase is highest proximate
the diffusion zone.

9. An article for use in a gas turbine engine, comprising:

a nickel base superalloy substrate,

a chemical vapor deposited, diffusion aluminide layer
formed on the substrate, said aluminide layer having an
outer layer region comprising a nickel-aluminum solid
solution intermediate beta phase and an inner diffusion
zone region proximate the substrate, said intermediate
phase having an average aluminum concentration in the
range of about 18 to about 26% by weight, an average
platinum concentration in the range of about 8 to about
35% by weight and an average nickel concentration in
the range of about 50 to about 60% by weight so as to
be non-stoichiometric relative to intermetallic com-
pounds of aluminum and nickel and of aluminum and
platinum, said outer layer region being free of phase
constituents other than said intermediate beta phase,

a thermally grown alpha alumina layer on the aluminide
layer, and

a ceramic thermal barrier layer vapor deposited on the
alumina layer to have a columnar microstructure.
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10. The article of claim 9 wherein said outer layer region
is about 0.1 to 3.0 mils in thickness.
11. The article of claim 9 wherein the ceramic thermal
barrier layer comprises yttria stabilized zirconia.

12. A method of forming a thermal barrier coating on a 5

substrate, comprising:

chemical vapor depositing a diffusion aluminide layer on
the substrate selected from the group consisting of a
nickel base superalloy substrate and cobalt based super-
alloy substrate under deposition conditions effective to
provide an outer aluminide layer region comprising a
solid solution intermediate phase and an inner diffusion
zone region proximate the substrate, said intermediate
phase having an average aluminum concentration in the
range of about 18 to about 26% by weight, an average
platinum concentration in the range of about 8 to about
35% by weight, and an average nickel concentration of
about 50 to about 60% by weight so as to be non-
stoichimetric relative to intermetallic compounds of
aluminum and nickel, aluminum and cobalt, or alumi-
num and platinum, said outer layer region being sub-
stantially free of phase constituents other than said
intermediate phase,

15

20
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oxidizing the aluminide layer under temperature and
oxygen partial pressure conditions effective to form an
alpha alumina layer, and

depositing a ceramic thermal barrier layer on the alumina

layer.

13. The method of claim 12 wherein said intermediate
phase resides in a beta solid solution intermediate phase
region of a binary nickel-aluminum phase diagram.

14. The method of claim 12 wherein said intermediate
phase resides in a zeta phase region of a binary cobalt-
aluminum phase diagram.

15. The method of claim 12 wherein said outer layer
region is formed to a thickness of about 0.1 to 3.0 mils.

16. The method of claim 12 wherein said alumina layer is
formed by heating the diffusion aluminide layer at a tem-
perature greater than 1800 degrees F. at a partial pressure of
oxygen less than 1075 torr.

17. The method of claim 12 wherein said ceramic thermal
barrier layer is deposited by vapor condensation on said
substrate so as to have a columnar microstructure.
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