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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
25  ceramic 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 18000F (9820C). 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 torr (0.067 - 13.3 pascals). At least a

portion of the bond coat oxidizes in the partial pressure of oxygen at the oxidation



1 tenperature to form al pha-alum na to the substantial exclusion of formng
other types of alumna. A ceramc coating is then deposited on the oxide.

An exenplary article fabricated using such nethods may include a substrate,
a bond coat disposed on the substrate and a ceram c coating di sposed on the
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processi ng e article _sho ure 1. Figure 3 illustrates an exanple
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portions of an exanple article 10. For instance, the article 10 may be a
portion of a gas tur biBRIEEQ)EﬁCRIBfDE)NlOF&THEaDMWﬂN@S of conponent that
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coating 14 |EO[OX| di zed as al pha-alum na 18. The al pha-alum na 18
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al pha-alumna 1 as a hexagonal crystallographic mcrostructure,
thermally grown oxide, and a ceramic coating.

15 Figure 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.

20 DETAILED 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
25  engine 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
30  substrate 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



whi ch the inventors have found provides strong bondi ng between the ceramc
2 coating 14 and the substrate 12 conpared to other types of alum na. For
i nstance, gamma-alunm na has a cubic structure and kappa-al um na has an
orthorhonbic structure, neither of which provides strong bonding. In the
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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 1800°F (982°C) -
2050°F (1121°C). 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 1800°F. Temperatures above about



2050F (1121C). The type of alumna that is desired determ nes the m ninum
30 tenperature, and the type of material selected for the substrate 12
determ nes the maxi mumtenperature. In this case, al pha-alumna forns
preferentially over other types of alum na at tenperatures above about
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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



alternatively utilize other types of deposition processes, such as plasna
spraying or cathodic-arc. Figure 3 illustrates an exanpl e coating device
50 for inplenentation of the nethod 30. In this exanple, the coating

device 50 includes a heating chanber 52 30 and a coating chanmber 54. The
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devi ce n oxygen gas source e connecte the~heati ng
chanmber 5252 and fiiz ®eatirg thanehey SHehdthtxygad, gemtiodlet (1ot sindven)i iy bd udede

heati ng chanber ?2. A valve 76 nmay be (irovi ded to control the gas flow.
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the interior o e coating cha I kew se, a valve 80 may be
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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
30  coating 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



10 to the oxidation tenperature. A vacuum punp (not shown) or other such
device may evacuate the interior of the heating chanber 52 to the desired
| ow pressure. 25 Once the oxidation tenperature is established, the valve
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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.

25 The 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.



20 this disclosure. In other words, a system designed according to an
enbodi nent 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. Mreover, selected features of one
exanpl e enbodi mrent may be conbi ned WiiAins! ected features of other exanple
enbodi nents. 25 The precedi ng description is exenplary rather than limting
in nature. Variations and nodifications to the disclosed exanpl es nmay
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heating to the oxidation tenperature; OXidizing at |east a portion of the
bond coat iatht osidetion fealpepatessur e of oxygen 10 at the oxidation
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pr edet er m ned tenperat ur 15 range 1 s 1800F 1982F) - 2050F (1121C). 3. The

met hod as eedudi@dof formingi ather typds ef endesirbé okides) andat conpri ses MCrAlY, and
the Mis selected froma (I;;ro.up Cons%ﬁ{hi ng. of cobalt, nickel, iron, and
conbi nati ons t hEFRASHINSARETARNICICQALNE P ORI he Al is al uminum and the Y is
yttrium 20 4. The nethod as recited in claim1, including establishing

the parti al ressure . of oxygen .su t hat the at nosphere i at a pressure
no gPeat er 2t EanT ginqt]&q(l] ag I%c?tgd inc an 1, wherein t%e pre eterm(ainedS temperattpl)re

15 range is 1800°F (982°F) - 2050°F (1121°C).

3. The method as recited in claim 1, wherein the bond coat comprises MCrAlY,
and 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.

20
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 torr (13.3
pascals).

25 5. The method as recited in claim 1, including oxidizing for a time of fifteen
minutes or less.
6. The method as recited in claim 1, including depositing the ceramic coating
using an electron beam physical vapor deposition process.

30

7. The method as recited in claim 1, wherein the heating of the article is

conducted using graphite heating elements.



pascals). 25 5. The nethod as recited in claim1, including oxidizing for a
time of fifteen mnutes or less. 6. The nethod as recited in claima1,

i ncl udi ng depositing the ceramic coating using an el ectron beam physi cal
vapor deposition process. 30 7. The nmethod as recited in claim1, wherein

the heating of yheatfielaeiia ARTAHE] Shsh R ERRTOER DEROIuRLEToN 5. 7

8. The nethod as recited in claim1l, wherein inc ing f

al pha- al unanthe desredhtgpadeSoxiéd t ype of oxide. 9. A nethod of processing an
article, conprising: 5 heating an article in a | ow pressure atnosphere that
is substantially free of oxygen to an oxidation tenperature above about

1800F (982¢), tgqn%ﬁééggﬁ%)g%grgggtge ia?t\%@, C%Pﬁ,ﬁ{s{?g;e and a bond coat conpri sing

MCr Al'Y di sposed on t ere Mis selected froma group
consi sting of chérming,annircklelin a oenpressute amoospheratthans substantiaily ftdeeofCr i s
chromum the Al is aluqinum and the Y is yttri ol stablishi. a
partial pr8¥E§RetRAN oGP AFIRPCIHULE: 2RgVe 6‘\6?‘%1%@ Ea&ggné)’t%ﬁp@?ﬁ& ure such
that the | : i - hsitdt@n 0.1
Lorr (13 3 g Bk b B R e PR O SR REakel The
partial prehsire tief MXygelctedt fréthea @xoupatomisting gfecattaity aidkel, fioomn and

al pha-alum na to.the substantial exclusion of 15 formn t.her .types of

al umi na; aﬁ@n@@ﬁwﬁthﬁaof;t@eﬁ%rdﬁ%m%%W@/’éﬁs {HE BT B e Y IR, hod as

recitedyin clai : rei -he res i t s essure
of 1 w0 % Budtlishl & it Syl SR HAIPIRAGHE b B oxiGuRino oLt
the 20 ar téngeeative sutiethakiddbwqiessanepenadphee.is ifla prebaireref hodreatr thaai t ed i n

claim9, including depositing the ceram c coating using an electron beam
physi cal v8gdPTdEDEPPI@EH process. 25 12. The method as recited in claim9,

wherein establi Eﬁidﬁgné ﬁqeﬁ?ﬁtpioﬁlonp({fetﬁé 61 Qat in the partial pressure of oxygen

at the oxidation temperature to form alpha-alumina to the substantial exclusion of
15  forming other types of alumina; and

depositing a ceramic coating on the oxide.

10.  The method as recited in claim 9, wherein the low pressure atmosphere is at
a pressure of 1 x 10 - 1 x 107 torr (0.013 - 1.33 pascals) during the heating of the

20  article to the oxidation temperature.

11.  The method as recited in claim 9, including depositing the ceramic coating

using an electron beam physical vapor deposition process.

25 12.  The method as recited in claim 9, wherein establishing the partial pressure of
oxygen includes opening a gate seal between a heating chamber in which the article
is heated to the oxidation temperature and a coating chamber in which the ceramic
coating is deposited to allow oxygen to flow from the coating chamber into the
heating chamber.

30



oxygen includes opening a gate seal between a heating chanber in which the
article is heated to the oxidation tenperature and a coating chanber in
which the ceramc coating is deposited to all ow oxygen to flow fromthe
coating chamber into the heating chamber. 30 8 13. The method as recited

in claim9;3whergl petRidaklkGlng clahf 99%51'6?}1 esdeﬁ§l§HF%@;§art1ﬂWQs@ﬁre' drcl udes
noving the article froma heating chanb he article is heated

to the oxi d}@tgeonmledqsena‘tlug ghd anttloleafrmuai hfmyng waamber inhathichrib¢ edisk isxygen. 5
14. The me d, as, recited wherein esta i the artia
pressure of? e&@dl&opﬂﬁ%gglpprgﬁm Hgo 6)?%}3}% haudery Fﬁlgﬁ g%/ as source
into a chanber in which the article is heated to the oxi datlon
tenperature. 15. An article for use in a gas turbine engine, conprising:

10 a subst t4t e; The bmﬂd)dcasacci@'dérpobiml 9owhetemn estabdishiag ¢he pareallppesdursodt

conprising M Al he Mis.selected froma t.ing of
Conan > naatgen'ipciydeS e ol s G of sy et £ e 1 e GRIBRTI S, e A
i's al um nugmicnge 4E8leYs h@até’c!forthé'ghdal%}fjte chafi@st @ portion of the Al is
al pha-al um na oxi de; and 15 a ceram c coating di sposed on the bond coat.

16. The article as recited in claim15, wherein the substrate is selected
froma gr gp C%QSIS (g_ of .a ni ckel.-based all oy,. a cobalt-based alloy, and
conbi nati o (3159 ¥ a ggpduthing eNeine, COMPYINEY i n cl ai m 15, wherein
the cey@mc coaggmtﬂa{% sel ected froma group consisting of gadolinia
stabilized zirconia, yitria stabilized zirconia, and conbinations thereof.
9 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

15 a ceramic coating disposed on the bond coat.

16. The article as recited in claim 15, wherein the substrate is selected from a
group consisting of a nickel-based alloy, a cobalt-based alloy, and combinations
thereof.

20
17.  The article as recited in claim 15, wherein the ceramic coating is selected
from a group consisting of gadolinia stabilized zirconia, yttria stabilized zirconia,

and combinations thereof.





