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This disclosure relates to coatings and, nore particularly, to a

met hod for 5formng a strong bond between a cerami c coating and a
substrate. Gas turbine engi ne conponents, such as turbine

bl ades, turbine vanes, or the |ike, may be fabricated from superall oy
mat eri als. However, u{INTROLIE® OXDAIION OFBQNDILOAT n gas turbine
engi nes, even superalloys may benefit fromprotective coatings to
limt corrosion, oxidation, and the |like. For instance, the
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heat i ng to the oxXi dat| on tenperature such that the | ow pressure
at nosphere is at a pressure _no greater than 0.1 ton (0.067 - 13.3

pascal s). At |least a porti SHMYL gd?ﬂEé@XlEers in the parti al
pressure of OxyggR eAmJIRG Rthslds Rfkessing 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 leasta

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



tenperature to form al pha-alumna 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

nmet hods may i nclude a substrate, a bond coat disposed on the
substrate and a ceram c coating di sposed on the bond 5 coat. The bond
coat i ncl udE®mpeaaiusg Yo fern akphpég!mmaat%m subptasial tepelusipyy of fomriag ofhee
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coat with a thermally grown oxide, and a ceram c coating. 15Figure 2

i |1 ustr at esMErAEX anipitke form wbelphoplupingcessi ng the article shown in
Figure 1. Figure 3 illustrates an exanple coating device for
processing the article shown in Figure 1. 20DETAI LED DESCRI PTI ON OF
THE PREFERRED EMBODI MEBRIEF DESCRIRTION OF THEDRABINGS ect ed portions
of an exanple article 10, For instance, t article 10 may he a
portion of a gasﬁw%iOH%feéﬂg?w%@&m@%ﬁpp the irchpsed FW&HH wilghesement
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terms of heat, corrosivity, and the Iike. For instance, the article
10 may be adgadngsuthhi mecoptpenyyithee detarled descriptionTisen dret bi¢fty descrihed wsles
a substrate Jﬂzw a ceramc coating 14, and a bond coat 16 between the
substrate 113) A& the ceramc coat i ng 14. In this case, a portion of

the bond coat 16Fige@r] illngrataraardxempleaktiokdhaing & subsirgle, Zzebndsoat with a
al pha-alum na 18, The al pha-alum na 18 facilitates strong bonding
bet ween t hetheenally gowpaxidpdnd 2 cgrqpnig gpating.

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



30substrate 12 to reduce spalling of the ceram c coating 14.

The al pha-alum na 18 has a hexagonal crystallographic m crostructure,
whi ch the inventors have found provides strong bondi ng between the
ceramic coating 14 and the substrate 12 conpared to other types of
al um na. For instance, ganma-alum na has a cubic structure and
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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 1x 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 may negatively influence common types of superalloys that may
be used for the substrate 12. The maxi numtenperature may increase as
new superal |l oys having greater thermal stability are devel oped. After
heating to the desired oxidation tenperature, a selected parti al
pressure 5 _of oxygen is established within the atnosphere in the
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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



chanber 54 may include a coating zone 58 where the article 10 is
coated with the ceramc coating 14. A crucible 60 containing a
source coating material 62 may be arranged bel ow the coating zone 58
at a desired stand-off distance. An el ectron beam source 64 may

be nounted relative .to the coating chanber 54 for directing el ectron
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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



the heating chanber 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 nmay be opened after
establishing the oxidation tenperature and the transport 70 nmay nove
the article 10 into the coatin 5 chanber 54. Prior to depositin
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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.



establishing a partial pressure of oxygen within the atnosphere after
heating to the oxidation tenperature, wherein establishing the
partial pressure of oxygen includes noving the article froma heating
chanber in which the article is heated to 10the oxidation tenperature
into a coating chanber that includes oxygen; oxi di zing at |east
a portion of the bond coat in the fdedIMP pressure of oxygen at the
oxi dation tenperature to forma desired type of oxide to the
substanti al exclusion of form ng other types of undesired oxides; and
deposi ti ng la ceramethod obgrocrgsingan eicloxdodprising: 2. The net hod as

recited in clai wherei n the predeterm ned tenperature range is
1800F (9820) - JuRA"th pesy i an AerhEnEe hR et RS ol e B a1,
wher ei n 5t hexhiatich aeapereRrPigRs Mpréletérmz@an@mpbatid irangp! et gdcltr om
a group consisting of cobalt, nickel, iron, and conbinations thereof,
the O is dRfiHng#Hubstae aRd 3 Rong|cgns Githesedmdhe HESWREs yttrium 4.

The nethod as r%ﬁﬁﬂlﬁﬂinﬁ'& ok ?}e}suré SEGPEDNGitBR kRD Ao BIHRE: drREndang i al
pressure of oxygen such that the atnosphere is at a pressure no

great er thde tige axidgion(te@peramby adhesdin establghingbe pertinboressirg e pixedn i n
claim1l1, i i i.di zZI i I i r.l.ess.
306, The' mettod e SR B Gt P Rk BEnghicsin bAER i HthEs faeas
cer am dOcoahé sgdatioh ngnpemtale éad b ovatigahamiey shac Alclndepanygeleposi t i on
process. 7. The. net hO(ii as recited. i CA aim1l wherein the_heating
of the article |0§1d12mg at [east 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 1800°F (982°C) - 2050°F (1121°C).

3. The method as recited in claim 1, wherein the bond coat comprises MCrAlY,
20 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.

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

25  pascals).

5. The methed as recited in claim 1, including oxidizing for a time of fifteen

minutes or less.

30 6. The method as recited in claim 1, including depositing the ceramic coating

using an electron beam physical vapor deposition process.



conducted using graphite heating elenents. 8. The nethod as recited
in claiml, wherein including form ng al pha-alum na 5as the desired
type of oxide. 9. A nethod as clained in claim1, wherein: t he
at nosphere heating the article is a | ow pressure atnosphere and
wherein the oxidation tenperature i s above about 1800F é9820)., and
wher ei n t he/: bond g gagthath at &eged deSlaviy Iy ‘Yh%ﬁ‘értg‘Fﬁ‘eRﬂ“lgso & iBlg From

t he group Qgﬁ@jc&hiugﬂ %apﬁgpﬁgaﬁng glielqlgﬁg_, . iron, and cpnbi nat! ons
thereof, and C is cﬁrom um Al"is alumnum and Y is yttrium

and wherein the partial pressure of oxygen is such that the | ow
pressure atgmosp I . 0, : A9 13- 3
pascal s), Fg:;ndq%g}elg?b ga%sﬁgcltgégl??lgﬁtl y‘%léé}g? q%(g‘?thlgé Foizsr‘%g{ép%%%zﬁtlum %a.
10. The Snetadhde dasiradagpd efebxide. cl ai m 9, wherein the | ow pressure

at nosphere is at a pressure of 1 x 10-4 - 1 x 10-2 ton (0.013 - 1.33

pascal s) during the heating of the article to the oxidation

tenperature&, 20 A dhithod AecliiBkdadclas 1 efictd@s in claim9, including
depositing the ceram c coating using an el ectron beam physi cal vapor

deposi tion procésatmosphgre heating the aRiGH 184 lew proserc pimosphers iy, WhieiR ei n
establ i shi ng. §,76 iR tdriyRrarlte S$SHIVE aut %?oo@#gs%g‘;}@'h@gdrdv&%ganhﬁ%hag%at

oxygen gas from an oxygen gas source into which t
articl d0i s comptised MErANe whgicthaM on stlevigk framuthe. grods conbséing rof i cobat,

produced by.the.net had o%.c .aiml or, Mse in_a gas,turbi.ne engipe,
conprisin g:m%g lrgﬁ,bfglt% rcg{n }nallonsrﬂlerhoff, and tlr 18 clhromlur%, il 18 aﬁummum, a {;
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 torr (13.3 pascals),

15 and 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™ - 1 x 107 torr (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;
30 a 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



a bond coat disposed on the substrate, the bond coat conpri sing
MCr ALY, wherein the Mis selected froma group consisting of cobalt,
ni ckel, iron, and conbinations thereof, the C& is chromum the Al
is alumnum and the Y is yttrium and at |east a portion of the A
i s al pha-alum na oxide; and a ceram c coating disposed on the bond
coat. 514. FREbEetiens|theree, the & deehromivgn. Bicndliis Aluppaingiand theeY Hutikivimat e
is selecte hsd oG Lokel «based all oy, a
cobal t - basgﬂﬁgﬁ%@?gglﬁggggﬁg?‘rllgsi%lgﬁisﬁ%rﬁ@?g%@g’%qme article as
recited in clai mcé@miodvatieg dispdsed crethatrond cmat i ng i s sel ected 10from a
group consisting of gadolinia stabilized zirconia, yttria stabilized
zirconi a, and conbi nati ons thereof

5 14 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
10  from a group consisting of gadolinia stabilized zirconia, yttria stabilized zirconia,

and combinations thereof.



