
CONTROLLED OXIDATION OF BOND COAT BACKGROUND OF THE INVENTION
This disclosure relates to coatings and, more particularly, to a
method for 5forming a strong bond between a ceramic coating and a
substrate.       Gas turbine engine components, such as turbine
blades, turbine vanes, or the like, may be fabricated from superalloy
materials. However, under the extreme conditions found in gas turbine
engines, even superalloys may benefit from protective coatings to
limit corrosion, oxidation, and the like. For instance, the
10protective coating may be a ceramic coating that functions as a
thermal barrier, erosion barrier, or both.       Typically, a bond
coat is used between the ceramic coating and the superalloy substrate
to facilitate strong bonding. Although effective, portions of the
ceramic coating may spall after extended periods of use in the engine
and require 15repair or cause the component to be replaced. SUMMARY
OF THE INVENTION      An exemplary method of processing an article
includes heating the article in an atmosphere substantially free of
oxygen to an oxidation temperature within a pre- 20 determined
temperature range. The article includes a substrate and a bond coat
disposed on the substrate. A partial pressure of oxygen is then
established within the atmosphere after heating to the oxidation
temperature. At least a portion of the bond coat oxidizes in the
partial pressure of oxygen at the oxidation temperature to form a
desired type of oxide to the substantial exclusion of forming other
types of oxides. A 25ceramic coating is then deposited on the oxide.
In another aspect, the method may include heating an article in a low
pressure atmosphere that is substantially free of oxygen to an
oxidation temperature above about 1800oF (982oC). The article may
include a substrate and a bond coat comprising MCrAlY disposed on the
substrate. A partial pressure of oxygen is  30 established after
heating to the oxidation temperature such that the low pressure
atmosphere is at a pressure no greater than 0.1 ton (0.067 - 13.3
pascals). At least a portion of the bond coat oxidizes in the partial
pressure of oxygen at the oxidation 



temperature to form alpha-alumina to the substantial exclusion of
forming other types of alumina. A ceramic coating is then deposited
on the oxide.       An exemplary article fabricated using such
methods may include a substrate, a bond coat disposed on the
substrate and a ceramic coating disposed on the bond 5 coat. The bond
coat includes MCrAlY and at least a portion of the aluminum of the
MCrAlY is in the form of alpha-alumina. BRIEF DESCRIPTION OF THE
DRAWINGS The various features and advantages of the disclosed
examples will become 10 apparent to those skilled in the art from the
following detailed description. The drawings that accompany the
detailed description can be briefly described as follows.
Figure 1 illustrates an example article having a substrate, a bond
coat with a thermally grown oxide, and a ceramic coating. 15Figure 2
illustrates an example method for processing the article shown in
Figure 1.       Figure 3 illustrates an example coating device for
processing the article shown in Figure 1. 20DETAILED DESCRIPTION OF
THE PREFERRED EMBODIMENT       Figure 1 illustrates selected portions
of an example article 10. For instance, the article 10 may be a
portion of a gas turbine engine component or other type of component
that is generally subjected to severe environmental conditions in
terms of heat, corrosivity, and the like. For instance, the article
10 may be a gas turbine 25engine vane.       The article 10 includes
a substrate 12, a ceramic coating 14, and a bond coat 16 between the
substrate 12 and the ceramic coating 14. In this case, a portion of
the bond coat 16 near the ceramic coating 14 is oxidized as
alpha-alumina 18. The alpha-alumina 18 facilitates strong bonding
between the ceramic coating 14 and the 



30substrate 12 to reduce spalling of the ceramic coating 14.
The alpha-alumina 18 has a hexagonal crystallographic microstructure,
which the inventors have found provides strong bonding between the
ceramic  coating 14 and the substrate 12 compared to other types of
alumina. For instance, gamma-alumina has a cubic structure and
kappa-alumina has an orthorhombic structure, neither of which
provides strong bonding. In the disclosed example, substantially all
of the alumina of the bond coat 16 may be alpha type to promote  5
strong bonding and reduce spallation compared to articles having no
oxide or other forms of alumina.       The type of material selected
for the substrate 12 may depend on the intended use of the article
10. As an example, the substrate 12 may be formed of a superalloy
material, such as a nickel-based alloy or cobalt-based alloy.
10Likewise, the type of bond coat 16 selected may depend on the
intended use of the article 10. As an example, the bond coat 16 may
be MCrAlY, where the M is selected from cobalt, nickel, iron, or
combinations thereof, the Cr is chromium, the Al is aluminum, and the
Y is yttrium The ceramic selected for the ceramic coating 14 may also
depend on the  15 article 10. As an example, the ceramic coating 14
may include gadolinia stabilized zirconia, yttria stabilized
zirconia, or combinations thereof Given this description, one of
ordinary skill in the art will recognize other types of superalloys,
bond coats 16, or ceramic coatings 14 to meet their particular needs.
Figure 2 illustrates an example method 30 for fabricating the article
10. The  20 method 30 includes a heating step 32, a pressurizing step
34, an oxidizing step 36, and a deposition step 38. As an example,
the article 10 may initially include only the substrate 12 and the
unoxidized bond coat 16. The heating step 32 may include heating the
article 10 in an atmosphere that is substantially free of oxygen to
an oxidation temperature that is within a predetermined temperature
range. For  25 instance, the atmosphere may be a low pressure
atmosphere of about 1 x 10-4 - 1 x 10-2 torr (0.013 - 1.33 pascals).
Such a pressure range may be considered to be substantially free of
oxygen.      The predetermined temperature range may be about 1800F
(982C) - 2050F (1121C). The type of alumina that is desired
determines the minimum  30 temperature, and the type of material
selected for the substrate 12 determines the maximum temperature. In
this case, alpha-alumina forms preferentially over other types of
alumina at temperatures above about 1800F. Temperatures above about 



2050F may negatively influence common types of superalloys that may
be used for the substrate 12. The maximum temperature may increase as
new superalloys having greater thermal stability are developed. After
heating to the desired oxidation temperature, a selected partial
pressure  5 of oxygen is established within the atmosphere in the
pressurizing step 34. An operator, automatic controller, or the like
may feed a controlled amount or flow rate of oxygen into the
atmosphere surrounding the article 10 such that the atmosphere
increases to a predetermined pressure. For instance, the pressure may
be no greater than 0.1 ton (13.3 pascals). In a further example, the
pressure may be with a 10pressure range of 5 x 10-4 - 1 x 10-2 torr
(0.067 - 133 pascals).      The oxygen in combination with the
oxidation temperature causes at least a portion of the bond coat 16
to oxidize in the oxidizing step 36. At the given oxidation
temperature of 1800F (982C) - 2050F (1121C) and given pressure of no
greater than 0.1 torr (13.3 pascals), the alpha-alumina 18
preferentially forms  15 over other types of alumina. Moreover, these
conditions are not favorable for the formation of other types of
alumina and therefore the alpha alumina 18 forms to the substantial
exclusion of the other types of alumina.      The article 10
oxidation temperature and pressure may be maintained for a
predetermined amount of time to establish a desired thickness of the
alpha-alumina  20 18. As an example, the time may be fifteen minutes
or less. Given this description, one of ordinary skill in the art
will recognize suitable times to meet the needs of their particular
application.      After the oxidizing step 36, the article 10 is
coated with the ceramic coating 14 in the deposition step 38. As an
example, electron beam physical vapor 25 deposition may be used to
deposit the ceramic coating 14. The method 30 may alternatively
utilize other types of deposition processes, such as plasma spraying
or cathodic-arc. Figure 3 illustrates an example coating device 50
for implementation of the method 30. In this example, the coating
device 50 includes a heating chamber 52 30 and a coating chamber 54.
The heating chamber 52 may include graphite heating elements 56 for
heating the article 10 to the oxidation temperature. The coating 



chamber 54 may include a coating zone 58 where the article 10 is
coated with the  ceramic coating 14. A crucible 60 containing a
source coating material 62 may be arranged below the coating zone 58
at a desired stand-off distance.       An electron beam source 64 may
be mounted relative to the coating chamber 54 for directing electron
beams 66 toward the source coating material 62 to coat the 5 article
10 in a known manner. A gate seal 68 may be arranged between the
heating chamber 52 and the coating chamber 54 to seal the atmospheres
of each chamber from each other.       A transport 70 for moving one
or more of the articles 10 may include a shaft 72 for mounting the
articles 10 in the coating device 50. The transport 70 selectively 10
extends and retracts the shaft 72 to move the article 10 between the
heating chamber 52 and the coating chamber 54. In this regard, a
controller (not shown) may be used to control the operation of the
transport 70, gate seal 68, electron beam source 64, and other
components of the coating device 50. An oxygen gas source 74 may be
connected with the heating chamber 52 to 15 selectively feed oxygen
gas to the interior of the heating chamber 52. A valve 76 may be
provided to control the gas flow. Additionally, or alternatively to
the oxygen gas source 74, an oxygen gas source 78 may be connected
with the coating chamber 54 to feed oxygen to the interior of the
coating chamber 54. Likewise, a valve 80 may be provided to control
the gas flow. The coating device 50 may also include 20 other
components that are not shown, such as a cooling system to maintain
the walls of the device at a desired temperature.       In operation,
the graphite heating elements 56 may be used to heat the article 10
to the oxidation temperature. A vacuum pump (not shown) or other such
device may evacuate the interior of the heating chamber 52 to the
desired low pressure. 25 Once the oxidation temperature is
established, the valve 76 may be opened to supply oxygen from the
oxygen gas source 74 into the interior of the heating chamber 52 to
establish the partial pressure of oxygen. The article 10 may reside
in the heating chamber 52 for a predetermined amount of time to form
the alpha-alumina 18. The gate seal 68 may then be opened for the
transport 70 to move the article 10 into the 30coating chamber 54 for
depositing the ceramic coating 14.       Alternatively, instead of
supplying the oxygen from the oxygen gas source 74, the gate seal 68
may be opened to let oxygen from the coating chamber 54 into  



the heating chamber 52 to establish the partial pressure of oxygen.
In this regard, the oxygen gas source 74 may not be used.      In
another alternative, the gate seal 68 may be opened after
establishing the oxidation temperature and the transport 70 may move
the article 10 into the coating  5 chamber 54. Prior to depositing
the ceramic coating 14, the valve 80 may be opened to feed oxygen gas
into the interior of the coating chamber 54 to thereby establish the
partial pressure of oxygen.      In the disclosed examples, the
method 30 provides the benefit of forming a desired type of thermally
grown alumina on the bond coat 16. Additionally, the  10 relatively
small amount of oxygen and short oxidizing time used to form the
alumina is not significantly detrimental to the components of the
coating device 50. For instance, the graphite of the graphite heating
elements 56 readily oxidizes in the presence of oxygen at the
processing temperatures used in the method 30. However, the low
pressures of oxygen used in the method 30 and short exposure time  15
substantially limits or prevents oxidation of the graphite.
Therefore, the method 30 provides the benefit of preferentially
forming the alpha-alumina 18 without harming the graphite heating
elements 56.      Although a combination of features is shown in the
illustrated examples, not all of them need to be combined to realize
the benefits of various embodiments of  20 this disclosure. In other
words, a system designed according to an embodiment of this
disclosure will not necessarily include all of the features shown in
any one of the Figures or all of the portions schematically shown in
the Figures. Moreover, selected features of one example embodiment
may be combined with selected features of other example embodiments.
25The preceding description is exemplary rather than limiting in
nature. Variations and modifications to the disclosed examples may
become apparent to those skilled in the art that do not necessarily
depart from the essence of this disclosure. The scope of legal
protection given to this disclosure can only be determined by
studying the following claims.  CLAIMS  1. A method of processing an
article, comprising:         heating an article in an atmosphere
substantially free of oxygen to an 5oxidation temperature within a
predetermined temperature range, the article including a substrate
and a bond coat disposed on the substrate; 



establishing a partial pressure of oxygen within the atmosphere after
heating to the oxidation temperature, wherein establishing the
partial pressure of oxygen includes moving the article from a heating
chamber in which the article is heated to 10the oxidation temperature
into a coating chamber that includes oxygen;       oxidizing at least
a portion of the bond coat in the partial pressure of oxygen at the
oxidation temperature to form a desired type of oxide to the
substantial exclusion of forming other types of undesired oxides; and
depositing a ceramic coating on the oxide. 15  2. The method as
recited in claim 1, wherein the predetermined temperature range is
1800F (982C) - 2050F (1121C).  3. The method as recited in claim 1,
wherein the bond coat comprises MCrAlY, 20and the M is selected from
a group consisting of cobalt, nickel, iron, and combinations thereof,
the Cr is chromium, the Al is aluminum, and the Y is yttrium    4.
The method as recited in claim 1, including establishing the partial
pressure of oxygen such that the atmosphere is at a pressure no
greater than 0.1 ton (13.3 25pascals).  5. The method as recited in
claim 1, including oxidizing for a time of fifteen minutes or less.
306.The method as recited in claim 1, including depositing the
ceramic coating using an electron beam physical vapor deposition
process.   7. The method as recited in claim 1, wherein the heating
of the article is 



conducted using graphite heating elements.  8. The method as recited
in claim 1, wherein including forming alpha-alumina 5as the desired
type of oxide.  9. A method as claimed in claim 1, wherein:       the
atmosphere heating the article is a low pressure atmosphere and
wherein the oxidation temperature is above about 1800F (982C), and
wherein the bond coat 10 comprises MCrAlY wherein M is selected from
the group consisting of cobalt, nickel, iron, and combinations
thereof, and Cr is chromium, Al is aluminum, and Y is yttrium;
and wherein the partial pressure of oxygen is such that the low
pressure atmosphere is at a pressure of no greater than 0.1 ton (13.3
pascals), 15and wherein the desired type of oxide is alpha-alumina.
10. The method as recited in claim 9, wherein the low pressure
atmosphere is at a pressure of 1 x 10-4 - 1 x 10-2 ton (0.013 - 1.33
pascals) during the heating of the article to the oxidation
temperature. 20  11. The method as recited in claim 9, including
depositing the ceramic coating using an electron beam physical vapor
deposition process.    12. The method as recited in claim 9, wherein
establishing the partial pressure of 25 oxygen includes feeding
oxygen gas from an oxygen gas source into a chamber in which the
article is heated to the oxidation temperature.  13. The article
produced by the method of claim 1, for use in a gas turbine engine,
comprising: 30a substrate; 



a bond coat disposed on the substrate, the bond coat comprising
MCrAlY, wherein the M is selected from a group consisting of cobalt,
nickel, iron, and  combinations thereof, the Cr is chromium, the Al
is aluminum, and the Y is yttrium, and at least a portion of the Al
is alpha-alumina oxide; and a ceramic coating disposed on the bond
coat. 514.The article as recited in claim 13, wherein the substrate
is selected from a group consisting of a nickel-based alloy, a
cobalt-based alloy, and combinations thereof 15.The article as
recited in claim 13, wherein the ceramic coating is selected 10from a
group consisting of gadolinia stabilized zirconia, yttria stabilized
zirconia, and combinations thereof 


