REPAIRED AIRFOIL WITH IMPROVED COATING SYSTEM AND MTHODS OF
FORMING THE SAME

FIELD

[0001] The present invention generally relates to proteatbatings on components, and,
more particularly, to NiCoCrAlY and platinum-grouagetal aluminide coatings on gas turbine

components having airfoils.
BACKGROUND

[0002] In gas turbine engines, air is drawn into the fraihe engine, compressed by a
shaft-mounted compressor, and mixed with fuel. findure is combusted, and the resulting hot
combustion gases are passed through a turbine stbantthe same shaft. The flow of gas turns
the turbine by contacting an airfoil portion of tiuebine blade, which turns the shaft and
provides power to the compressor. The hotter thartea gases, the more efficient the operation
of the engine. Thus, there is an incentive to rdiseurbine operating temperature. However, the
maximum temperature of the turbine gases is noynialited by the materials used to fabricate

the turbine vanes and turbine blades of the turbine

[0003] A protective layer is applied to the airfoil of thebine blade or turbine vane
component, which acts as a substrate. Among threrdly known diffusional protective layers
are aluminide and platinum aluminide layers. Thatgmtive layer protects the substrate against
environmental damage from the hot, highly corrosi@mbustion gases. This protective coating
is approximately 38 pm to 76 um (i.e., approxima@0015 to 0.0030 inch) thick, and provides
a degree of protection against marine hot corrogMproximately half the thickness of the
diffusion coating is part of the original bladedkmess & the diffusion platinum aluminide
coatings are effective in maintaining the coolirdels open after the coating process. Even with
the use of these protective techniques, there reprablems to overcome in certain operating
service conditions, particularly within marine tund engines that are exposed to harsh

conditions related to the salinity of the operatamyironments.

[0004] A more effective alternative coating, which is usédely in marine gas turbine
applications, is approx. 254 um (i.e., about 0.0&0) with an “overlay” MCrAIX coating
having a thickness range of about 177.8 um to aBd@ium (i.e., about 0.07 inch to about 0.013
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inch), where M is (Co and/or Ni), X is a reactitereent such as Y, Hf, and the coating has a
chromium concentration of 20% to 28%. The ovedagtings are typically deposited by a
plasma spray process, and the composition of tagngpcan be tailored to mitigate marine hot

corrosion.

[0005] However, the maximum temperature of the turbinegas normally limited by the
materials used to fabricate the turbine vanes arne blades of the turbine. Advanced turbine
blades are cooled by cooling air from compressschdirge to reduce the blade temperature and
enable a higher gas temperature for increasedesftig. Thus, it is important to keep the

cooling holes open to prevent overheating of blades

[0006] For gas turbines operating in marine environmeig, necessary for the coatings to
resist corrosive attack from environmental corrademeposits containing sodium sulfate have

been recognized to be particularly corrosive toingaairfoils.

[0007] Cobalt based CoCrAIHf coatings with chromium comierthe range of 20 to 25%,
aluminum in the range of 9 to 11% have been utligeccessfully to resist marine corrosion.
The coatings are thick (relative to the size oflicmpholes of advanced turbine blades), typically
in the range of 177.8 um to about 356 um (i.e.uabd7 inch to about 0.014 inch) and are
deposited by a thermal spray process. Such coagdeposited on new blades prior to drilling

of holes, since the coatings can partially or catgdy close the holes during their application.

[0008] When the field returned blades are ready for repaiy and all the remaining
CoCrAlHf coating is stripped off with an appropeatcid. Some manufactures require chemical
cleaning with strong acid or alkali mixtures to i@ra field service debris and/or hot corrosion
products prior to stripping. Others allow grit$tiag to accomplish the same ends. Complex
cooling passages in blades can accumulate dusher debris in service, which may have to be

removed with hot caustic at elevated pressure iaudoclave.

[0009] Full removal of coatings is universally accomplidhmy selective dissolution of the
coating phase(s) by various simple or complex nnéxtf acids. Most procedures depend on
selective attack of beta (NiAl or CoAl) phasescdtings are depleted of beta phases, selective
coating dissolution can be difficult or impossitd@d residual coatings must then be removed by

physical methods (e.g., belt grinding).



[0010] Re-coating of repaired blades with cooling holetygscally accomplished a diffusion
aluminide or platinum aluminide process, (descrildve) which keeps the cooling holes open.
Platinum aluminide is a diffusion coating, the casiion and properties of the platinum
aluminide coating depend, in part, on the chemisthe underlying alloy or coating. It is
necessary to remove all the original CoCrAIHf cogs$, since platinum aluminide coating of any
underlying CoCrAIHf coating will result in a briglcobalt platinum aluminide, which is
undesirable. Since the diffusion platinum alumindatings are relatively thin and have a
composition that is rich in nickel, but deficientchromium and cobalt, the marine hot corrosion
resistance of platinum aluminide coating is infetmthat provided by the thicker CoCrAIHf

coatings.

[0011] Thus, an improved method of repair such coatingeierally needed, particularly

with gas turbine components used in marine envienm
BRIEF DESCRIPTION

[0012] Objects and advantages of the invention will befah in part in the following
description, or may be obvious from the descriptmmmay be learned through practice of the

invention.

[0013] A method is generally provided of forming a coatsygtem on a surface of a
superalloy component having film holes defined ¢irer In one embodiment, the method
includes applying NiCoCrAlY on the surface of thgeralloy component to form a NiCoCrAlY
layer while keeping the film holes open (e.qg., veiethe NiCoCrAlY layer has a chromium
content that is higher than the superalloy comptn#éren heating the NiCoCrAlY layer to a
treatment temperature of about 900 °C to about 220@hen forming a platinum-group metal
layer on the NiCoCrAlY layer, and then forming darainide coating over platinum-group

metal layer.

[0014] In one particular embodiment, the NiCoCrAlY is apglonto an existing coating
system on the surface of the superalloy compomérgrein the existing coating system is a Co-

based coating system that is substantially frem fxb.

[0015] Other features and aspects of the present inveatmdiscussed in greater detail

below.



BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The invention may be best understood by referemteetfollowing description

taken inconjunctionwith the accompanyinglrawing figures inwvhich:

[0017] FIG. 1A is a perspective view of an component, sagh turbine blade of a gas

turbine engine;

[0018] FIG. 1B is a perspective view of another componsnth as a nozzle segment of a

gas turbine engine;

[0019] FIG. 2 is a cross-sectional view of an exemplar@®CrAlY layer on a surface of a

component, such as the airfoil of FIG. 1A or FIB, prior to heat treatment;

[0020] FIG. 3 is a cross-sectional view of an exemplatiog system including the

NiCoCrAlY layer after heat treatment and forminglatinum aluminide coating thereon;

[0021] FIG. 4 is a cross-sectional view of the exemplargting system of FIG. 3, with a

TBC coating thereon;

[0022] FIG. 5 is a block diagram of an exemplary methotbahing a coating on a surface

of a component; and

[0023] FIG. 6 is a block diagram of an exemplary methodephiring a coating on a surface

of a component.

[0024] Repeat use of reference characters in the pregedifisation and drawings is

intended to represent the same or analogous feaduiedements of the present invention.
DETAILED DESCRIPTION OF PARTICULAR EMBODIMENTS

[0025] Reference now will be made to the embodiments efritiention, one or more
examples of which are set forth below. Each exarngpprovided by way of an explanation of
the invention, not as a limitation of the inventiolm fact, it will be apparent to those skilled in
the art that various modifications and variatioas be made in the invention without departing
from the scope or spirit of the invention. Fortaree, features illustrated or described as one
embodiment can be used on another embodimentltbsti# a further embodiment. Thus, it is
intended that the present invention cover such fizations and variations as come within the

scope of the appended claims and their equivaldnis.to be understood by one of ordinary



skill in the art that the present discussion igsctiption of exemplary embodiments only, and is
not intended as limiting the broader aspects optlesent invention, which broader aspects are

embodied exemplary constructions.

[0026] Chemical elements are discussed in the presenbsise using their common
chemical abbreviation, such as commonly found parédic table of elements. For example,
hydrogen is represented by its common chemicaleafddion H; helium is represented by its

common chemical abbreviation He; and so forth.

[0027] A coating system is generally provided for hot gath components (e.g., airfoils) of
turbine engines, along with methods of its formmatidn particular, the coating system is useful
on a superalloy component of a marine turbine engitich is exposed to particularly corrosive
operating environments. The methods and coatisggsyis particularly useful during a repair
of a component that has been used and damaged disen either through an impact event or
corrosion. Embodiments of the methods describeeitéads to enhancement of the corrosion
resistance of the existing coating by incorporathgpmium and cobalt while keeping the
cooling holes open. In one embodiment, the metledsribed herein allows for the retention of
an existing marine Co-based coating system (e@aGrAlHf type coating that is substantially
free from Ni) on surface of the used airfoil (orttve surface of a new airfoil), by adding the
NiCoCrAlY materials. The resulting coating, witietplatinum aluminide coatings thereon, may
be thicker, less brittle, and may have a highengtyaof aluminum, leading to more resistance
to oxidation than platinum aluminide on a cobalsdshmaterial, due to the relatively lower

diffusion of aluminum and platinum in a cobalt bdseaterial.

[0028] The coating system has a multiple layer constraatteemistry, which includes at
least a NiCoCrAlY layer, which may have a chromi(@n) content that is higher than the
underlying superalloy. The coating system is,ne particular embodiment, formed from a
NiCoCrAlY layer and a platinum-group metal alumiaidoating through a diffusion coating
process, resulting in a coating system that indWdi€oCrAlY, Pt, and Al. The NiCoCrAlY

layer has a chromium content that is higher tharstiperalloy component, both in its deposition
composition and its composition following treatment

[0029] The coating system can reduce the susceptibiligasfturbine components to

property degradation such as low-cycle fatigueufas, while retaining the benefits associated



with protective coatings that are applied to thenponents. The present approach may be
accomplished as part of the normal production dperawithout major modifications.
Additionally, the use of any additional bond cogtor other layer between the surface of the
component and the coating system and/or withirctimstruction of the coating system (e.g.,
between the NiCoCrAlY layer and the platinum-grongtal aluminide coating) can be avoided
in particular embodiments. That is, in this embuht, the NiCoCrAlY layer is directly on the
surface of the component, and/or the platinum-groefal aluminide coating is directly on the
NiCoCrAlY layer to form the coating system. Whetharmal barrier coating is present, the
coating system is free from a bond coating betwwkemMiCoCrAIlY layer (e.g., the platinum-
group metal aluminide coating of the coating sy$tend the thermal barrier coating (e.g., the
thermal barrier coating is directly on the platingnoup metal aluminide coating of the coating

system).

[0030] Referring to the drawings, FIG. 1A depicts an exkamypcomponent 5 of a gas

turbine engine, illustrated as a gas turbine blate.turbine blade 5 includes an airfoil 6, a
laterally extending platform 7, an attachment &iaform of a dovetail to attach the gas turbine
blade 5 to a turbine disk (not shown). In some comepts, a number of cooling channels extend
through the interior of the airfoil 6, ending inepngs 15 in the surface of the airfoil 6. The

openings 15 may be, in particular embodiments, fibtes.

[0031] High pressure gas turbine blades, such as showiGnlA, operating at high
temperatures & pressures and carrying load, haygresnents for mechanical properties. To
meet these requirements, advanced high pressutesodae manufactured from nickel-based
superalloys, whose hot corrosion resistance isdeatl. Blade tips do not carry the same load
and do not have the same mechanical property ergeints. During repair, and in new make
blades, marine gas turbine blade tips are manutstfuom a corrosion resistant cobalt based
material such as HS188, which contains a high chmanconcentration. While a platinum
aluminide coating alone on such a Co-based tipnahtan result in a brittle coating, the
presently provided coating system (including NiCAISt, Pt, and Al) provides a superior
combination of oxidation resistance, corrosionstsice, and mechanical properties to the tip

coating.



[0032] FIG. 1B represents a nozzle segment 10 that i@basumber of nozzle segments
that when connected together form an annular-shaperle assembly of a gas turbine engine.
The segment 10 is made up of multiple vanes 12y dafining an airfoil and extending between
outer and inner platforms (bands) 14 and 16. Timevd 2 and platforms 14 and 16 can be
formed separately and then assembled, such asabynrthe ends of each vane 12 within
openings defined in the platforms 14 and 16. Alékely, the entire segment 10 can be formed
as an integral casting. The vanes 12 generally hdsading edge 18, a trailing edge, a pressure
side (i.e., the concave side), and a suction siee the convex side). The leading edge 18 is at

times described as being defined by the most fatyaint (nose) of the airfoil 12.

[0033] When the nozzle segment 10 is assembled with atiezie segments to form a
nozzle assembly, the respective inner and outéfiophas of the segments form continuous inner
and outer bands between which the vanes 12 arendiecentially spaced and radially extend.
Construction of a nozzle assembly with individuatzie segments is often expedient due to the
complexities of the cooling schemes typically emyplh The nozzle segment 10 depicted in
FIG. 1B is termed a doublet because two vanesd associated with each segment 10. Nozzle
segments can be equipped with more than two vamgsthree vanes (termed a triplet), four
vanes, six vanes, or with a single vane to formtustermed a singlet. As known in the art, the
design choice between singlet and doublet castalgs into consideration the advantages
associated with their different constructions amatpssing. A significant advantage of singlet
nozzle construction is the capability for excelleaating thickness distribution around the vanes
12, which in addition to promoting oxidation androsion resistance also promotes control of
the throat area between nozzles and uniformity éetwanes of different stages. On the other
hand, a doublet casting avoids the necessity foglatemperature braze operation, though with

less control of coating thickness.

[0034] In one embodiment, the airfoil 6 of the turbinedad® of FIG. 1A and the vanes 12 of
the nozzle segment 10 of FIG. 1B are located irtuH@ne section of the engine and are
subjected to the hot combustion gases from thenetsgcombustor. In addition to forced air
cooling techniques (e.qg., via film holes 15), thefaces of these components are protected by a

coating system 22 on their respective surfaces.



[0035] The airfoil 6 of the turbine blade 5 of FIG. 1A aii@ vanes 12 of the nozzle segment
10 of FIG. 1B can be formed of a material that lbariormed to the desired shape and withstand
the necessary operating loads at the intended topgetamperatures of the area of the gas
turbine in which the segment will be installed. Ewdes of such materials include metal alloys
that include, but are not limited to, titanium-yinum-, cobalt-, nickel-, and steel-based alloys.
In one particular embodiment, the airfoil 6 of FIA and/or the vanes 12 of FIG. 1B are formed
from a superalloy metal material, such as a nitlesled superalloy, a cobalt-based superalloy, or
an iron-based superalloy. In typical embodimethis,superalloy component has a 2-phase
structure of fine-(M) (face-center cubic) angt(M)AI (body-center cubic). The-(M)AI phase

is the aluminum (Al) reservoir. Aluminum near theface may be depleted during service by
diffusion to the TBC interface formingAl O3 thermally grown oxide on the surface of the

diffusion coated substrate.

[0036] Although described above and in FIGS. 1A and 1B wespect to the turbine blade 5
and the nozzle segment 10, the coating systemecatillzed with any component of the gas

turbine engine.

[0037] Referring to FIG. 2, a NiCoCrAlY layer 20, prior ieat treatment, is shown
deposited on the surface 13 of the superalloy corpios (e.g., an airfoil 12, as shown in FIGS.
1A and 1B). As shown, the component 5 definethaliiole 15 therethrough. As shown, the
NiCoCrAlY layer 20 is formed to a thickness thaedamot close the film hole 15. In certain
embodiments, the NiCoCrAlY layer 20 may extend ithi® inner surface 42 defining the film
hole 15within the component 5. For example, th@dGrAlY layer 20 may formed via ion
plasma deposition, without making the film holes However, any suitable application method
can be utilized to form the NiCoCrAlY layer 20, whimay be utilized with or without masking
technigues when desired. Non-limiting exampletuighe plasma deposition (for example, ion
plasma deposition, vacuum plasma spraying (VP®) piessure plasma spray (LPPS), and
plasma-enhanced chemical-vapor deposition (PEC\gh velocity oxygen fuel (HVOF)
techniques, high-velocity air-fuel (HVAF) techniguehysical vapor deposition (PVD), electron
beam physical vapor deposition (EBPVD), chemicg@oraleposition (CVD), air plasma spray
(APS), cold spraying, and laser ablation. In ondetiment, the MCrAIlY layer 20 is applied by
a thermal spray technique (for example, VPS, LRR8)F, HVAF, APS, and/or cold-spraying).



[0038] Generally, the NiCoCrAlY layer has a compositior(lmy weight) that is based on
nickel (Ni), which provides a good surface for sedpgent PtAl deposition. Cobalt (Co) is
present in the NiCoCrAlY layer to interact and bavith the Co remaining on the surface from
the previous coating, which may still be presenttensurface or may have diffused into the
surface. In one particular embodiment, the NiCd&rkayer has a composition at deposition
(i.e., prior to heat treatment and prior to formadyglitional layers thereon) that includes, by
weight percent, about 16% to about 20% Cr (e.guuah7% to about 19% Cr), about 9% to
about 11% Al (e.g., about 9.5% to about 10.5% &hput 19% to about 24% Co (e.g., about
21% to about 23% Co), about 0.05% to about 0.2%.Y.(about 0.07% to about 0.15% Y), up
to about 0.5% Hf (e.g., about 0.05% to about 0.3stch as about 0.05% to about 0.2% Hf),
up to about 1% Si (e.g., about 0.5% to about 0.9%uUsh as about 0.6% to about 0.8% Si), and
the balance Ni.

[0039] Following deposition, the NiCoCrAlY layer 20 is hed to bond the NiCoCrAlY
layer 20 onto the surface 13 of the componennSonke embodiment, a portion of the
NiCoCrAlY layer 20 diffuses into the component Sdom a diffused portion 44. In one
embodiment, the NiCoCrAlY layer 20 is heated toeatment temperature of about 900 °C to
about 1200 °C (e.g., about 1000 °C to about 1190 T@e NiCoCrAlY layer 20 may be heated
to the treatment temperature for a time sufficterttond the NiCoCrAlY layer 20 onto the

surface 13, such as for about 30 minutes to abbouss.

[0040] As stated, the NiCoCrAlY layer 20 may diffuse inb@ component 5 due to the heat
treatment to form the diffused portion 44. In @mebodiment, about 30% or less of the
deposited thickness of the NiCoCrAlY layer 20 dsis into the surface 13 of the component 5,
such as about 5% to about 25% of the depositeliitegs may diffuse into the component 5.
Following heat treatment, the NiCoCrAlY layer 2Gstathickness extending from the surface 13
that is about 10 pm to about 100 um (e.g., aboytra3o about 50 um). By keeping the
NiCoCrAlY layer 20 relatively thin (i.e., less th&00 pm), any film holes defined within the

surface can remain open even without the use ok wrasther deposition blocking method.

[0041] Examples of deposition processes which can be tasgéeposit NiCoCrAlY layer

without closing cooling holes, and resulting innao®th coating (e.g., having a surface roughness



of about 100 um or less) include ion plasma dejowsfirocess, composite plating process, cold

spray process, high velocity air plasma spray m®ce

[0042] Following heat treatment, a platinum-group metgkte80 and an aluminide coating
34 may be formed onto the NiCoCrAlY layer 20, asvgh in FIG. 3. First, the platinum-group
metal layer 30 is deposited on the NiCoCrAlY lagér The platinum-group metal layer 30
generally includes platinum, rhodium, palladiunthenium, osmium, iridium, or a mixture
thereof. These elements have similar physicalcéwednical properties and tend to occur
together in the same mineral deposits. In one emimd, the palladium-group platinum-group
metals (i.e., platinum, rhodium, palladium, or atuare thereof) are included in the platinum-
group metal layer 30. In one particular embodim#rd platinum-group metal layer 30
generally includes platinum, but may also inclutteeo elements (e.g., palladium and/or
rhodium). For example, the platinum-group metaéta80 can include a platinum-palladium
alloy, a platinum-rhodium alloy, or a platinum-@alum-rhodium alloy. In one embodiment,
platinum-group metal layer 30 includes platinunaineast 50% by weight (e.g., about 75% to
100% by weight).

[0043] In most embodiments, a suitable thickness for arplen-group metal layer 30 is
about 1 um to about 10 um (e.g., about 3 pum totabpum). In the embodiment shown, the
platinum-group metal layer 30 is formed directlytba NiCoCrAlY layer 20 due to this
relatively thin nature of the platinum-group mdgaler. As such, no other layer (e.g., a bond

coating) is positioned between the NiCoCrAlY lagérand the platinum-group metal layer 30.

[0044] The platinum-group metal layer 30 can be formedavig suitable process. For
example, the platinum-group metal layer 30 is,ne particular embodiment, deposited by an
electrodeposition process as (e.g., electroplataitf)ough sputtering, brush plating, etc. could
alternatively be used. Plating can be performad@n temperature (e.g., about 20 °C to about
25 °C). In one embodiment, the electrodepositimtgss is accomplished by placing a
platinum-group metal-containing solution (e.g. timlam-containing solution) into a deposition
tank and depositing platinum-group metal from thleitson onto the NiCoCrAlY layer 20. For
example, when depositing platinum, the platinumtaming aqueous solution can include

Pt(NHs)s HPQ,, and the voltage/current source can be operatabloatt 1/2-10 amperes per
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square foot of facing article surface. In the dgfpan, the platinum-group metal layer 30 is
deposited onto the unmasked portion of the suri&dg.e., the trailing edge 24).

[0045] The platinum-group metal layer 30 may be heatébads desired. For example, the
platinum-group metal layer 30 can be heat treatedti@atment temperature of about 900 °C to
about 1200 °C. In one embodiment, the platinunugnmetal layer 30 is heat treated in a

vacuum (e.g., at a treatment pressure of aboutrt@t less, such as at a treatment pressure of

about 1 torr or less).

[0046] An oxidation-resistant coating is applied to thefaee 13 of the airfoil 12 to further
promote the oxidation resistance. In one particetabodiment, the oxidation-resistant coating is
a diffusion aluminide coating 34, which may inclialeminum intermetallics, gamma phase,
gamma prime phase, or the like. The aluminideieg&4 is deposited overlying the platinum-
group metal layer 30. The aluminide coating 34 lwaformed to a thickness of about 2 um to
about 100 um (e.g., about 25 pm to about 100 pah a8 about 35 pum to about 75 pm) by any
suitable method. For example, the aluminide cgédi4h can be deposited by any operable
approach, such as aluminiding by pack cementadioather processes including vapor phase

aluminiding.

[0047] In one embodiment, the aluminide coating 34 is d&pd via vapor phase
aluminiding. For example, a hydrogen halide gashsas hydrogen chloride or hydrogen
fluoride, is contacted with aluminum metal or annainum alloy to form the corresponding
aluminum halide gas. Other elements may be dogedhe aluminum layer from a
corresponding gas, if desired. The aluminum haj@e contacts the surface 13, depositing the
aluminum thereon. The deposition occurs at eleviegberature such as from about 900 °C to
about 1125 °C during a cycle time (e.g., a 4 té@0r cycle). The aluminide coating 34 is
preferably from about 12 to about 125 micrometkeickt(such as about 25 pm to about 100 pm,
for example about 35 um to about 75 um). The dépagechnique allows alloying elements to

be co-deposited into the aluminide coating 34 #ickel, from the halide gas.

[0048] Because the deposition of aluminum is performezleatated temperature, the
deposited aluminum atoms interdiffuse with theiplan-group metal layer 30 (or interdiffused
platinum/substrate region) and/or the materiahefMiCoCrAlY layer 20 forming a coating

system 22 on the surface 13 of the component 5.
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[0049] In the embodiment shown in FIG. 3, the aluminidattw 34 is deposited on the
entire surface 13, within any cavities and any filales present in the surface 13, and over the
platinum-group metal layer 30. During processthg,aluminide coating reacts with the
platinum-group metal layer 30 to form a platinunoyg metal aluminide coating 31. This
platinum-group metal aluminide coating 31 comprigesplatinum-group metal and aluminum,
such as platinum-modified aluminides (PtAl), butyncantain additional components (e.g.,
platinum-modified nickel aluminides. Thus, the plam-group metal plating, followed by
diffusion aluminide, results in a “platinum alundeilayer” where its outer layer of the coating
has the platinum-group metal (e.g., platinum),ddion to diffusion aluminide. In one
embodiment, a second heat treatment is performeddnum at a treatment temperature of about
975 °C to about 1125 °C (e.qg., for a treatmentqokof about 1 to about 4 hours).

[0050] Following heat treatment of the platinum-group rhistger 30 and the aluminide
coating 34 shown in Fig. 3, the coating system A% have a compositional gradient throughout
its thickness. For example, the resulting heatté@ coating system 22 may include an inner
portion adjacent to the component, a middle portamd an outer portion opposite from the
component, with each of the inner portion, the rf@gubrtion, and the outer portion defining a
third (i.e., 1/3) of the thickness of the coatiygtem 22. The coating system 22, in one
embodiment, has a compositional gradient with tteroportion having a relatively low
concentration of Cr and relatively high concentnagi of Pt and Al, when compared to the
composition of the middle portion and the innertppor. As such, outer portion has good
oxidation qualities and adherence to TBC (if préske@reon). However, an increased
concentration of Cr in the middle portion 31 andhe inner portion 21 can allow for increased

corrosion resistance, which is particularly uséfunarine and industrial engine applications.

[0051] In one particular embodiment, the outer portiondasckel (Ni) content that is
higher, in terms of weight percent, than the nidaitent of the middle portion 31. Similarly,
the inner portion has a nickel content that is &rgin terms of weight percent, than the nickel
content of the middle portion. As such, the midaldetion has a nickel content that this less
than, in terms of weight percent, than the innetipo and/or the outer portion. In certain
embodiments, for example, the outer portion haislkehcontent of about 40% to about 50% by
weight; the middle portion has a nickel contenabbut 30% to about 40% by weight; and the

12



inner portion has a nickel content of greater thbout 40% (e.g., greater than about 50%) by

weight.

[0052] The coating system 22 is deposited and procesdeavtoa smooth surface finish,
e.g., about 3 um or less of surface roughness {iRajder to promote the aerodynamics of the
nozzle assembly. In one embodiment, the coatingsy22 preferably has a surface roughness
(Ra) of less than about 3 um (e.g., about 0.75qafout 2.75 pm, such as about 1.25 pm to
about 2.25 pum).

[0053] FIG. 4 also shows an environmental coating 36,(a.thermal barrier coating (TBC))
over the coating system 22, which is particuladeful if further protection is required (e.g., on
the surface of an airfoil 12 to be used at verymhamperatures). In particular embodiments, the
environmental coating 36 may also be depositedherstirfaces of the inner bands and outer
bands. For example, the thermal barrier coatingndg be entirely composed of one or more
ceramic compositions. The environmental coatingnd§ be applied by any operable technique,
with electron beam physical vapor deposition (EBBPYeing preferred for the preferred yttria-
stabilized zirconia coating. The EB-PVD processimyy be preceded and/or followed by high-
temperature processes that may affect the disioibof elements in the bond coat. The EB-PVD
process itself is typically conducted at elevatsdgeratures. Other coatings, coating

compositions, and coating thicknesses are alsanntitie scope of the invention.

[0054] The thermal barrier coating 36 is deposited andgs®sed to have a very smooth
surface finish, e.g., about 1.5 pm Ra or lessrdeioto promote the aerodynamics of the nozzle
assembly. In one embodiment, the thermal barriatilcg 36 preferably has an as-deposited
surface roughness (Ra) of less than about 3 pnredfier, the surface of the environmental
coating 36 preferably undergoes processing, preffepeening and then tumbling, to improve
the surface finish of the environmental coatingBé@lowing peening and tumbling, the
environmental coating 36 preferably has a surfaoghiness of not higher than about 2.0 um Ra,
with a typical range being about 1.3 pm to abo8tdm Ra on the concave surfaces and leading

edges of the vanes, and about 0.5 um to 1.0 pmmR@eaconvex surfaces of the vanes.

[0055] In the embodiments shown in FIGS. 2 and 3, theimgatystem is substantially free

from any bond coating. That is, the coating systefree from a bond coating between the
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NiCoCrAlY layer 20 and the surface 13 of the sup@yacomponent 5, and the coating system

22 is free from a bond coating between the coaystem 22 and the thermal barrier coating 36.

[0056] As stated, the nozzle segment can have any nurmbérfals (e.g., one (a singlet),
two (a doublet), four, six, etc.). Different preseng methods can be utilized, depending on the
number of airfoils in the nozzle segments. In nessbodiment, the film holes can be formed
(e.g., drilled) prior to any coating is formed, andy be masked for any subsequent coatings to
be applied if desired.

[0057] The present invention is generally applicable tmponents that operate within
environments characterized by relatively high terapees, and particularly to nozzle segments
of the type represented in FIG. 1B and therefobgesiied to severe oxidizing and corrosive
operating environments. It should be noted thatltiagvings are drawn for purposes of clarity
when viewed in combination with the following daption, and therefore are not intended to be
to scale.

[0058] Methods are also generally provided for formingpating on a surface of component
(e.g., an airfoil) and for repairing a coating be surface of an airfoil. Referring to Fig. 5, a
diagram of an exemplary method 500 is generallyvwshior forming a coating on a surface of a
component. At 502, a NiCoCrAlY layer is depositedthe surface of a component. The
NiCoCrAlY layer is heat treated at 504, such ashé@ating to a treatment temperature of about
900 °C to about 1200 °C. At 506, a platinum-growgtal (PGM) layer is deposited on the
NiCoCrAlY layer, such as an electroplating procgsscribed above. The PGM layer is heat
treated at 508, such as via heating to a treatteergerature of about 900 °C to about 1200 °C.
An aluminide coating can be formed on all the stefaat 510, such as the vapor deposition. At
512, the deposited layers can be heat treatedrrodacoating system. Optionally, at 514, a
thermal barrier coating (TBC) can be formed overdbating system, such as through a plasma

spray deposition process.

[0059] Referring to Fig. 6, a diagram of an exemplary raétB00 is generally shown for
repairing a coating on a surface of a componeqgt,(an airfoil). At 602, any and all coatings

can be stripped from the services of the airfaiGhsas the chemical stripping process (e.g., acid
stripping, etc.). At 604, a NiCoCrAlY layer is degpted on the surface of a component, and heat
treated at 606. At 608, a platinum-group metalNRGyer is deposited on the MCrAIlY layer,
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such as an electroplating process described abbive PGM layer is heat treated at 610, such as
via heating to a treatment temperature of about®@® about 1200 °C. An aluminide coating
can be formed on all the surfaces at 612, sucheagdpor deposition. At 614, the deposited
layers can be heat treated to form a coating sys#&in616, a thermal barrier coating (TBC) can
be optionally formed over the coating system, sagthrough a plasma spray deposition process.
Through such a repair process, the coating campeoved through the inclusion of the

platinum-group metal.

[0060] These and other modifications and variations tgtiesent invention may be
practiced by those of ordinary skill in the arttivaut departing from the spirit and scope of the
present invention, which is more particularly s®tti in the appended claims. In addition, it
should be understood the aspects of the various@mients may be interchanged both in whole
or in part. Furthermore, those of ordinary skilthe art will appreciate that the foregoing
description is by way of example only, and is mdénded to limit the invention so further

described in the appended claims.

Reference Character Component

5 Superalloy Component
6 Airfoil

7 Laterally Extending Platform
8 Attachment

10 Nozzle Segments
12 Vanes

13 Surface

14 Outer Platform/Band
15 Film Hole/Opening
16 Inner Platform/Band
18 Leading Edge

20 NiCoCrAlY Layer

21 Inner Portion

22 Coating System

24 Trailing Edge
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30

Platinum-Group Metal Layer

31 Middle Portion

34 Aluminide Coating

36 Thermal Barrier Coating

42 Inner Surface

44 Diffused Portion
.

500 Method

502 Method Step

504 Method Step

506 Method Step

508 Method Step

510 Method Step

512 Method Step

514 Method Step
.

600 Method

602 Method Step

604 Method Step

606 Method Step

608 Method Step

610 Method Step

612 Method Step

614 Method Step

616 Method Step
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WHAT IS CLAIMED IS:

1. A method of forming a coating systema surface of a superalloy

component having film holes defined therein, théhoe comprising:

applying NiCoCrAlY on the surface of the superaltmmponent to form a
NiCoCrAlY layer while keeping the film holes opemherein the NiCoCrAlY layer

has a chromium content that is higher than thersllpg component;

thereafter, heating the NiCoCrAlY layer to a treatintemperature of about
900 °C to about 1200 °C;

thereafter, forming a platinum-group metal layertio& NiCoCrAlY layer; and
thereafter, forming an aluminide coating over plath-group metal layer.

2. The method as in claim 1, wherein the NiCoCrAdYyer is heated to a
treatment temperature of about 1000 °C to aboud 200

3. The method as in claim 1, wherein the NiCoCrAdyer is heated to

the treatment temperature for about 30 minute®oae5 hours.

4, The method as in claim 1, wherein up to abo@ 8@ thickness of the

NiCoCrAlY layer diffuses into the surface of thegpsualloy component.

5. The method as in claim 4, wherein about 5% maB5% of thickness

of the NiICoCrAlY layer diffuses into the surfacetbé superalloy component.

6. The method as in claim 4, wherein, after hestttnent, the
NiCoCrAlY layer has a thickness extending from shieface of about 10 um to about
100 um while keeping the film holes defined witkiie surface of the superalloy

component open.

7. The method as in claim 4, wherein, after hestttinent, the
NiCoCrAlY layer has a thickness extending from shieface of about 25 pm to about
50 um while keeping the film holes defined withie tsurface of the superalloy

component open.

8. The method as in claim 1, wherein the NiCoCrAdyer, prior to

forming the platinum-group metal layer, has a cosmpgm comprising, by weight
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percent, about 16% to about 20% Cr, about 9% tatabt? Al, about 19% to about
24% Co, about 0.05% to about 0.2% Y, up to 0.5%udfto 1% Si, and the balance
Ni.

9. The method as in claim 1, wherein the NiCoCrAdyer, prior to
forming the platinum-group metal layer, has a cosijmm comprising, by weight
percent, about 17% to about 19% Cr, about 9.5%d01tal0.5% Al, about 21% to
about 23% Co, about 0.07% to about 0.15% Y, ab®%% to about 0.3% Hf, about
0.5% to about 0.9% Si, and the balance Ni.

10.  The method as in claim 1, further comprising:

after forming the platinum-group meal layer, hegtine platinum-group metal

layer to a second heat treatment temperature aft&f® °C to about 1200 °C.
11. The method as in claim 1, further comprising:

after forming the platinum-group meal layer, hegtine platinum-group metal

layer to a second heat treatment temperature aftdlf®0 °C to about 1100 °C.

12. The method as in claim 1, wherein the surfd¢beosuperalloy
component defines a plurality of film holes thereind wherein the film holes remain
open after applying NiCoCrAlY on the surface of Huperalloy component to form a
NiCoCrAlY layer.

13. The method as in claim 1, wherein the alumiciolgting is deposited

to a thickness of about 25 um to about 100 pum.
14.  The method as in claim 1, further comprising:

after forming the aluminide coating, forming a thet barrier coating over the

bond coating.

15. The method as in claim 1, wherein the NiCoCrAdyer is formed on

the surface of the superalloy component via iosmpideposition.
16.  The method as in claim 1, further comprising:

prior to applying the NiCoCrAlY on the surface, @ing at least a portion of

an existing coating system on the surface of tipesiloy component.
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17.  The method as in claim 1, wherein the NiCoCrA¥pplied onto an

existing coating system on the surface of the fllegrcomponent.

18. The method as in claim 17, wherein the existimgting system is a
Co-based coating system that is substantiallyfficea Ni.

19. A method of repairing an existing coating systen a surface of a
superalloy component, where the existing coatictuotes CoCrAlHf, the method

comprising:

removing at least a portion of the existing coafrogn the surface of the
superalloy component, wherein the surface of tipealloy component has film

holes defined therein;

forming a NiCoCrAlY layer on the surface of the stgdloy component while
keeping the film holes open, wherein the NiCoCrAdYer has a chromium content

that is higher than the superalloy component;
forming a platinum-group metal layer on the NiCoGfAayer;

heating the platinum-group metal layer to a treatnbemperature of about
900 °C to about 1200 °C; and

forming an aluminide coating over platinum-grouptahéayer.

20.  The method as in claim 19, wherein the NiCoQr&lapplied onto an
existing coating system on the surface of the fllpgrcomponent, and wherein the
existing coating system is a Co-based coating sy#tat is substantially free from
Ni.
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