STRUCTURAL ENVIRONMENTALLY-PROTECTIVE COATING
BACKGROUND OF THE INVENTION This invention relates to coatings of
the type used to protect components exposed to high temperature
environments, such as the hostile thermal environment of a gas turbine
engine. More particularly, this invention is directed to protective coatings
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oxide layer (alumina Scale) at elevated temperatures. This thermally
theyrgipteeiide (TGO) provides protection from oxidation and hot corrosion,
and in the case of a bond coat promotes a chemical bond with the TBC.
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This thermally grown oxide (TGO} provides protection from oxidation and hot
corrosion, and in the case of a bond coat promotes a chemical bond with the TBC.
However, a thermal expansion mismatch exists between metallic bond coats, their
alumina scale and the overlying ceramic TBC, and peeling stresses generated by this
mismatch gradually increase over time to the point where TBC spallation can occur as
a result of cracks that form at the interface between the bond coat and alumina scale
or the interface between the alumina scale and TBC. More particularly, coating
system performance and life have been determined to be dependent on factors that
include stresses arising from the growth of the TGO on the bond coat, stresses due to
the thermal expansion mismatch between the ceramic TBC and the metallic bond
coat, the fracture resistance of the TGO interface (affected by segregation of
mmpurities, roughness, oxide type and others), and time-dependent and time-
independent plastic deformation of the bond coat that leads to rumpling of the bond

coat/TGO interface. As such, advancements in TBC coating system have been



independent plastic deformation of the bond coat that leads to rumpling of
the bond coat/TGO interface. As such, advancements in TBC coating
system have been 1 concerned in part with delaying the first instance of
oxide spallation, which in turn is influenced by the above strength-related
factors. Environmental coatings and TBC bond coats in wide use include
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adhesion and spallation resistance of a ceramic TBC. The presence o
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well as strengthen the coating, primarily by solid solution strengthening o
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mtermetallic overlay coatings, which preferably contain a reactive element (such as
zirconium and/or hafnium) and/or other alloying constituents (such as chromium),
have been shown to imiprove the adhesion and spallation resistance of a ceramic TBC.
The presence of reactive elements such as zirconium and hafnium in beta-phase NiAl
overlay coatings has been shown to improve environmental resistance as well as
strengthen the coating, primarily by solid solution strengthening of the beta-phase
NiAl matrix.

In addition to the above, the suitability of environmental coatings and TBC bond coats
formed of NiAIPt to contain both gamma phase (y-Ni) and gamma-prime phase (yp-
NizAl) is reported in U.S. Patent Application Publication No. 2004/0229075 to
Gleeson et al. The NiAlPt compositions evaluated by Gleeson et al. contained less
than about 23 atomic percent (abdut 9 weight percent or less) aluminum, between
about 10 and 30 atomic percent (about 28 to 63 weight percent) platinum, and

optionally limited additions of reactive elements.



formed of NiAIPt to contain both gamma phase (y-Ni) and gamma-prime
phase (yp- Ni3Al) is reported in U.S. Patent Application Publication No.
2004/0229075 to Gleeson et al. The NiAIPt compositions evaluated by
Gleeson et al. contained less than about 23 atomic percent (about 9
weight percent or less) aluminum, between about 10 and 30 atomic
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platinum group metals (PGM) such as rhodium and palladium have been
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depositing a ceramic layer directly on the diffused protective layer.
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their underlying superalloy substrate, further limiting the high temperature capability
of the component. Another drawback is that the materials used to form environmental
coatings and bond coats are relatively weak compared to the nickel and cobalt-base
superalloys that form the components they protect. As a result, these coatings are
considered dead weight that must be supported by the superalloy substrate, which is
particularly detrimental to rotating airfoil applications such as turbine blades where
the effect is greatly multiplied by the high G-field under which such components

operate. As a result, airfoil components must be designed to be sufficiently strong to

carry the weight of the coatings, often mcurring vet additional weight penalty.

In view of the above, even with the existing advancements in materials and processes
for environmental coatings and bond coats, there is a considerable ongoing effort to

develop improved environmental coatings and TBC systems.
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According to the invention, the coating is used in a coating system
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clements capable of further strengthening the coating, as well as elements capable of

increasing the environmental resistance and thermal (diffusional) stability of the

coating,

The coating of this invention has desirable environmental and mechanical properties
that render it useful as an environmental coating and as a bond coat for a TBC. In
particular, as a result of being predominantly platinum, rhodium, palladium, and/or
ridium, the coating exhibits greater oxidation resistance than the superalloy substrate
it protects. In contrast to conventional environmental coatings and bond coats, the
coating also exhibits sufficient strength so that, for example, the combination of the
superalloy substrate and coating may exhibit a combined strength of at least 90% of
the sfrength that would exist if the combined thickness of the coating and substrate
were formed entirely by the superalloy of the substrate. The strength of the coating

can be further promoted with additions of one or more ftransition elements
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increasing the environmental resistance and thermal (diffusional) stability
of the coating. The coating of this invention has desirable environmental
and mechanical properties that render it useful as an environmental
coating and as a bond coat for a TBC. In particular, as a result of being
predominantly platinum, rhodium, palladium, and/or iridium, the coating
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the superalloy of the substrate. The strength of the coating can be further
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resistance and thermal (diffusional) stability of the coating can be
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DESCRIPTION OF THE INVENTION The present invention is generally

inveslfilable to components that operate within environments characterized
by relatively high temperatures, and are therefore
DETAILED DESCRIPTION OF THE INVENTION

The present mvention is generally applicable to components that operate within
environments characterized by relatively high temperatures, and are therefore
subjected to severe thermal stresses and thermal cycling. Notable examples of such
components include the high and low pressure turbine nozzles and blades, shrouds,
combustor liners and augmentor hardware of gas turbine engines. Of particular
mterest are components that must withstand high g-forces, such as rotating airfoil
components of gas turbine engines. One such example is a high pressure turbine
blade 10 shown in Figure 1. The blade 10 includes an airfoil 12 against which hot
combustion gases are directed during operation of the gas turbine engine. The airfoil
12 is hollow to permit the flow of cooling air through passages within the blade 10,
with the result that the exterior of the airfoil 12 is generally defined by walls whose
outer surfaces are subjected to severe attack by oxidation, corrosion, and erosion and
whose inner surfaces are contacted by the cooling air flow. The airfoil 12 is anchored
to a turbine disk (not shown) with a dovetail 14 formed on a root section 16 of the
blade 10. While the advantages of this invention will be described with reference to

the high pressure turbine biade 10 shown in Figure 1, the teachings of this invention



subjected to severe thermal stresses and thermal cycling. Notable
examples of such components include the high and low pressure turbine
nozzles and blades, shrouds, combustor liners and augmentor hardware
of gas turbine engines. Of particular interest are components that must
withstand high g-forces, such as rotating airfoil components of gas turbine
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Figure 1. The blade 10 includes an airfoil 12 against which hot
PrEHhBifHIRRGASEE B difcBBHUNRRY: operation of the gas turbine engine.
The airfoil 12 is hollow to permit the flow of cooling air through passages
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including thermal spray processes that yield a noncolumnar grain structure. A
preferred material for the TBC 26 is yttria-stabilized zirconia (YSZ), with a suitable
composition being about 3 to about 20 weight percent yttria (3-20%YSZ), though
other ceramic materials could be used, such as yitria, nonstabilized zirconia, and
zirconia stabilized by other oxides. Notable alternative materials for the TBC 26
include those formulated to have lower coefficients of thermal conductivity (low-k)
than 79%YSZ, notable examples of which are disclosed in commonly-assigned U.S.
Patent Nos. 6,586,115 to Rigney et al., 6,686,060 to Bruce et al., 6,808,799 to Darolia
et al., and 6,890,668 to Bruce et al., commonly-assigned U.S. Patent Application
Serial No. 10/063,962 to Bruce, and U.S. Patent No. 6,025,078 to Rickerby. Still
other suitable ceramic materials for the TBC 26 include those that resist spallation
from contamination by compounds such as CMAS (a eutectic of calcia, magnesia,

ahmmina and silica). For example, the TBC can be formed of a material capable of

interacting with molten CMAS to form a compound with a melting temperature that is



the turbine blade 10, e.g., about 1100C or more. To attain the
strain-tolerant columnar grain structure depicted in Figure 2, the TBC 26
is deposited by physical vapor deposition (PVD), such as electron beam
physical vapor deposition (EBPVD), though other deposition techniques
could be used including thermal spray processes that yield a
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of calcia, magnesia, alumina and silica). For example, the TBC can be
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CMAS, so that the reaction product of CMAS and the material does not
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As with prior art TBC systems, an important role of the coating 24 is to
environmentally protect the airfoil wall 22 when exposed to the oxidizing
environment within a gas turbine engine. A function of conventional bond coats has
been to provide a reservoir of aluminum from which an aluminum oxide surface layer
(alumina scale) grows to promote adhesion of the TBC. In contrast, if the coating 24
of this invention contains aluminum at all, it is present at minor alloying levels to
modify the diffusion and oxidation behavior of the coating (and possibly but not
necessarily form an alumina scale on the coating 24). Instead, the coating 24 is
predominantly platinum, rhodium, palladium, and/or iridium. The coating 24 may
further contain limited alloying additions to further promote the strength of the
coating 24 and/or increase the environmental resistance and thermal (diffusional)
stability of the coating 24. In particular, the strength of the coating 24 can be
promoted with additions of solid solution strengtheners such as chromium, tungsten,

molybdenum, rhenium and/or ruthenium, and/or with precipitation strengtheners such
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above-noted CMAS-resistant materials, particularly alumina as reported in
U.S. Patent Nos. 5,683,825 and 6,720,038. Other erosion and
impact-resistant compositions include reduced-porosity YSZ as disclosed
in commonly-assigned U.S. Patent Application Serial Nos. 10/707,197
and 10/708,020, fully stabilized zirconia (e.g., more than 17%YSZ) as

as diclosechin pammanlysaesignedildmnkatert Arpligation BeHALNQyromium,
10/708,020, and chemically-modified zirconia-based ceramics. The TBC
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the order of about 100 to about 300 micrometers. As with prior art TBC
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boéglggastlorp}%lzr% sk.)”lﬁ/x'stead, any thermally grown oxide (TGO) scale is generally
attributable to minor alloying constituents that may be present in the coating 24, most
notably aluminum, chromium, and nickel. With the absence of a relatively thick
oxide scale that continues to grow throughout the life of the blade 10, the present
invention avoids the tendency for spallation of the TBC 26 to occur from cracking and

spallation of oxide scale attributable to thermal expansion mismatches within the TBC

system 20.

According to an important aspect of the invention, in addition to oxidation resistance,
the coating 24 with preferred compositions within the above-noted ranges are
characterized by strengths (tensile and/or rupture) of greater than 50% of that of the
superalloy of the underlying wall 22 at temperatures to which the blade 10 is exposed
(e.g., about 900°C to about 1150°C), and preferably at temperatures at which the
mechanical properties of many superalloys tend to notably decline, such as 10000C
and above. As an example, a coating 24 formed of a rhodium-palladium-platinum

alloy contaiming about 60 weight percent rhodium, about 25 weight percent



According to a preferred aspect of the invention, the coating 24 contains,
by weight, at least 60% of platinum, rhodium, palladium, iridium, or a
combination thereof, optionally not more than 20% of nickel and
chromium combined, optionally not more than 15% aluminum, optionally
not more than 10% of other alloying constituents in combination, and
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example, the coating 24 can be deposited using a plating technique, ion plasma

GXR

deposition, or thermal spraying. To relieve stresses in the coating 24, deposition can
be followed by a heat treatment at temperatures of about 1000°C to about 1200°C for
about one to about four hours. A suitable minimum thickness for the coating 24 is
about 10 micrometers in order to provide an adequate level of environmental
protection to the underlying wall 22. Thicknesses of at least 25 micrometers and
more particularly about 35 up to about 125 micrometers are believed to be preferred

for turbine blade applications.

Because of the tendency for some interdiffusion during deposition processes and heat
treatments used to form the coating 24 (evidenced in part by the presence of a
diffusion zone 30 beneath the coating 24 in Figure 2), the coating 24 may contain up
to about 20 weight percent of elements that were not deposited with the intentional

coating constituents.  Elements such as nickel, tantalum, tungsten, rhenium,



8 palladium, about 10 weight percent platinum, and about 3 weight
percent zirconium are capable of tensile strengths of 160 MPa and higher
at about 1200C. As another example, a coating 24 formed of a rhodium
alloy containing about 91 weight percent rhodium, about 2 weight percent
ruthenium, and about 7 weight percent zirconium is capable of tensile
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ond coats without any structural contribution from these coatings,
bepresuritisd dhiaFomnepiefertbiye saptibie 2k strdidturidly bomisibenintpgortag be

acpUSRAn Ol e NadedQ- PERANGDIRI R AL AP OO i oles of
coating 24 can be deposited using various deposition processes, with or

pajtithibula suiddguéiiusent theztivie st abeSeREmMpIE ahis ooAting B4 an imes

dieRRYG Using.a-plating irehrigtie g plagma &%3%10@‘7%(&@?,“%%6782,
spraying. To relieve stresses in the coating 24, deposition can be

69Fd e angypa3i@at reatment at temperatures of about 1000C to about
1200C for about one to about four hours. A suitable minimum thickness

TIHABEIRRRHTY At BRI TAHDIGIOMBRIGHS HACWACTHO fIRWHBAR intended to
adequate level of environmental protection to the underlying wall 22.
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,ﬁp lications. Because of the tendency for some interdiffusion during
Wi

g %gﬁmﬁoggsg&%ﬂ& Wé%tlected by a coating (environmental or bond coat)

having a thickness of about 125 micrometers. Such a wall-to-coating proportion is
represented in Figure 2. In a first scenario, the coating is a traditional bond coat
material such as MCrAlY or PtAl and has a strength of about 20% of the superalloy
that forms the wall. As a result, the combination of the wall and coating has an initial
combined strength of (100% x 500 + 20% x 125)/(500+125) = 84% of the strength
that would have been obtained if the entire wall+coating thickness had been formed of
the superalloy. Following loss of the coating due to oxidation, the original
combination of wall and coating would be reduced to only the wall, and therefore a

relative strength of 80%.

In a first example in which the coating is a coating 24 of the present invention having
a strength of about 60% of the superalloy that forms the wall (22), the combination of
the wall and the coating would have a combined relative strength of (100% x 500 +
60% x 125)/(500+125) = 92% of the strength that would have been obtained if the

entire wall+coating thickness had been formed of the superalloy. Because the
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treatments used to form the coating 24 (evidenced in part by the presence
of a diffusion zone 30 beneath the coating 24 in Figure 2), the coating 24
may contain up to about 20 weight percent of elements that were not
deposited with the intentional coating constituents. Elements such as
nickel, tantalum, tungsten, rhenium, 9 aluminum, molybdenum, cobalt,

oxfI¥iuRY G RIS OHRIAIRSERE %%%@'mtﬁ@m%i@a@ So@ehitend &Btion
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aluminum-based environmental coatings and bond coats because of the
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e coating 24, a diffusion barrier coating may pe deposited on the
wol SRR RIS BRI TSGR RGP BTy 0%
Agiintabigraifiusionfaay iwmobatio g&aleiuth e uwalCaniaining € eaingisal due to
disclgsed in cqmmonly-assigned U.S. Patent Nos. 6306524, 6720088, )
thes PKTRSN G SAHORING d6HRRoR i HEfo GRS SRl SRcBiheet this

inypEg&ant invention, the following is intended to contrast the different results
obtained with traditional environmental coatings and the coating 24 of this

et SREOR Corlin urmese, Uhidnass ChabpUIGAAMERMEIGISMLER e
assumed for the wall, protected by a coating (environmental or bond coa
rechmeihged shidlacbss ofcabbundl & atlicromiate sttt afvaiidbtoantipgater than

tha?"OPQE ipn istr resented ir_l Figure 2..In a first scenario, the,coating.is a
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R Lo o oty T el B P e vy v
thipleves baethoblaine d ik thelentirdwalktisehtingithickmedksd pdrbeem foemebized,

sa\RBg material cost and weight.

While the invention has been described in terms of a preferred embodiment, it is
apparent that other forms could be adopted by one skilled in the art. Accordingly, the

scope of the invention is to be limited only by the following claims.
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the superalloy. Following loss of the coating due to oxidation, the original
combination of wall and coating would be reduced to only the wall, and
therefore a relative strength of 80%. In a first example in which the
coating is a coating 24 of the present invention having a strength of about
60% of the superalloy that forms the wall (22), the combination of the wall
and the coating would have a combined relative strength of (100% x 500 +
CPAx: 125)/(500+125) = 92% of the strength that would have been
obtained if the entire WaII+coating thickness had been formed of the

1. psialloy, Because i ra]l%ox'%a“é)a”sér‘&a Qrasion fesistance of em
pre?erred coatlng materia IS Inventon r%aluces ]Iosses% %hg
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cogorabyinttiohboitherodatisad cadting wo uldtd aiesendombineg strengthting of

pg@,lﬁﬂy@gpdmg %Agggﬁ\,lllgymgj &QM Again, degradation of the combined

strength of the wall and coating is minimal due to the oxidation and
) Ergglqg resslgggggg of the pgefe {ed coatlrﬁ; materials of thi ﬁqhnventlon

' BEEVE ARATTLRS T ik WSS THEY 08 e dRASHA SR Goatees ot
36&5@@!1@ @f@lm@wedlyémsnlIta@hlr@uetwnmhnn@dbmﬂ#@manngnstmgsgehs of

mEPRhIgOnRIeae L thamnmthatpossible with traditional environmental
coating and bond coat materials As a result, if desired the coatings 24 of

is |nvent|on can be %osn ter E{h icknesses in QroBortlon to the

1
3 WAl ey protact. &.5. more e SRS e SR Bv '

le@mp@ummm@mmimmmued parts can be utilized, saving
material cost and weight. While the invention has been described in terms

4. mﬁacmsf@rgedeamlaa&tm@na dlaisn appreen thattherdarms comldber by
Wngql? ga?y 600%T ki ggulnq txl?lg ngn Af)%ﬁocligm %dmm or a combination thereof, at
least 5% but not more than 20% of nickel and chromium in combination, at least 2% but not
more than 15% aluminum, and at least 2% but not more than 10% of titanium, zirconium,

hafnium, tantalum, niobium, tungsten, molybdenum, rhenium, and ruthenium in combination.

5. The coating system according to claim 1, wherein the coating material consists essentially

of rhodium, zirconiur, and at least one of platinum, ruthenium, and palladium.

6. The coating system according to claim 1, wherein the coating material consists essentially
of about 60 weight percent rhodium, about 25 weight percent palladium, about 10 weight

percent platinum, and about 3 weight percent zirconium.

7. The coating system according to claim 1, wherein the coating material consists essentially
of about 91 weight percent rhodium, about 2 weight percent ruthenium, and about 7 weight

percent zircomium.
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scope of the invention is to be limited only by the following claims. 11
CLAIMS: 1. A coating system on a substrate formed of a superalloy
material, the coating system comprising an environmentally-protective
coating on and contacting a surface of the substrate and formed of a
coating material having a tensile strength of more than 50% of the
superalloy material at a temperature within a temperature range of about
900C. to about 1150C., the coating material being predominantly at least
one metal chosen from the group consisting of platinum rhodium,

3. "Pﬁgl @&QH%S?QQ}]%@%%U% t-ghﬁuﬁ??twlgers I? ttﬁgn cg‘a Cordm %Lta‘s'lg]cenhtle strength

wherein thé coating mateérial further contains at st one zirconium,

of pidfrrt A CeHtariAbo R niobium, chromium, tungsten molybdenum,

rhenium, and ruthenium. 3. The coating system according to claim 1,

9 té%ro% nnthse oatlng rPategaﬁ further ﬁé)rgtanﬂg &'}tatll%gstgge Ot} alugmnu ’ L
" chromiu B ANG ST LD SEHBRIN TS i ostie strengt

Of%ﬁ@ﬁé%‘ttﬁép@cﬁéﬁhgﬂtﬂéﬁ&‘iﬁl consists of, by weight, at least 60% of
platinum rhodium, palladium, iridium, or a combination thereof, at least
0% but not more than 20% of nickel and chromium in combination, at least

ISR HE YRS PR AFESR S0 Sl bRt e s hsR ADPR SRS R an
mabib isktiteasiaffczifcbaitmile Rafnpim ftdwtalpens! o bisterialun g steperature

wit B YRABRHA. S BERIUG A0 SHBENiAR 0 SespiRation. 5. The coating

system according to claim 1, wherein the coating material consists
essentially of rhodlum, zirconium, and at least one of platinum, ruthenium,

11.amd paliadismes. sthe aogling.systermaspondneininind: wheraipte
coafin ntia about weli ht ercent rhodlum

{ t
matéfial 1s t;pe%s%l 70 &Qﬁést Snse1 %enomlo ou ts&;e)ergpoghr{x en flpeimﬁ;era yre

about 25 weight percent p lum wel percen num,
Wi*biﬁdl mﬁ%ﬁeﬁ@mﬂﬁéﬁi@m HRESRiubpuTh @8ating system according to
claim 1, wherein the coating material consists essentially of about 91
ight Percent rhodium, about 2 Wel%ht percent ruthenium, and about 7

?g%)fl Bgrsefémﬁ% 8ﬁ‘?ﬂf}ﬁ to claim 1, wherein the environmentally-protective coating

has a thickness of about 25 to about 125 micrometers.

13. The coating system according to ¢laim 1, wherein the environmentally-protective coating

has a thickness of at least 35 micrometers.

14. The coating system according to claim 1, further comprising a diffusion barrier layer

between the environmentally-protective coating and the substrate.

15. The coating system according to claim 1, further comprising a thermal-insulating ceramic

layer adhered to the environmentally-protective coating.

16. The coating system according to claim 1, wherein an oxide layer is substantially absent

between the environmentally-protective coating and the ceramic layer.
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12 8. The coating system according to claim 1, wherein the coating

material has a tensile strength of at least 160 MPa at about 1200C. 9.

The coating system according to claim 1, wherein the coating material has

a tensile strength of at least 260 MPa at about 1200C. 10. The coating

system according to claim 1, wherein the tensile strength of the coating

material is at least 60% of the tensile strength of the superalloy material at
178TIRMPRIAIWIE IR RIMPALAHTeFARGS EARAULAONG, Io-RRQUL RO o

11. The coating system according to claim 1, wherein the tensile strength
3 585 IHR'RE SBHES material is at least 80% of the tensile strength of the

superalloy material at a temperature within a temperature range of about
1520R0G 10 ARONL LS8N & I, coqing. Glem aparding ia. flalmdy

wherein the environmentally-protective coating has a thic nes§ of about
COBBORS IS AEILBIRRG 6P§Eters. 13. The coating system according to claim

1, wherein the environmentally-protective coating has a thickness of at
1olSgst AR migTometers, A4, The. coating sysierm according 19 claim 1, further
~comprising a diffusion barfer [ayer: betwaen the © Aot component formed of a
sursrRi raripatsnEdl (hprotd e vesteoaapigranidahe aulismatentals-Flotegoatingting on
anSYSHRINACE NG 19 Glaim L. fHNRLCOMRIIING R MRSINANISURLNG e strength -

ceramic er adhered to the environmentally-protective coating. 16. The
o RN At LSO EATA £ SUFARAALA SRS fgapREvtre ange of

abay @&&ﬁti@_l ghalisend betiveemting gnawuiemm@ma'ﬂgqﬂ_@@ewﬁi@g@a]tég &0%d of
platmgmm%ﬁfam ?n&ﬂ&,%?i%%%ﬁ%%{%ﬁ‘ tﬁgl%%ﬁj&%go@%ﬁwme%ﬁ 5% béxi

wherein the substrate is an airfoil component of a gas turbine engine. 18.
ot Batinl & PSRk B NG e tIAIfATDIDAHE Pe RPHeB A teaes F&odrut not
morotatingsairiaincamparientohdlgasibusbineRngin ek tALCTRY NG [Ryeien)

zirc%gign\a’y %‘Qf%ﬁ%,r%%fﬁ%%gb%@angs'il I,n r%o?gzgggn%?nw ggi?unm, ];%r n? e%gu%lin

combination.

20. The coating system according to claim 19, wherein the coating material has a tensile

strength of at least 160 MPa at about 1200°C.
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superalloy material, the coating system comprising an
environmentally-protective coating on and contacting a surface of the wall
and formed of a coating material having a tensile strength of more than
50% of the superalloy material at a temperature within a temperature
range of about 900C. to about 1150C., the coating material consisting of,

by wei 0 : odi : i
conthsn e S T AR e A AR T R B
nickel and chromium in combination, optionally at least 2% but not more

ARRdRACEH Qi it i HrEGBHEAAlly at least 2% but not more than 10% of
titanium, zirconium, hafnium, tantalum, niobium, tungsten, molybdenum,

A taaniimpansuiibenivmie SombiRalieRnRAtal RERERINYSYSI®M: on surfaces

according to claim 19, wherein the coating material has a tensile strength

of grmneastised Mpued dbditstidpdterish SroeteHeaincluding the nirbine,
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DISCLOSURE A coating (24) suitable for use as an

in g SORIPRRTEIN AT O BRI KD ARG By €at 4222 forpeifonamertiioy muerial.
ThindaastilethereaatRayvHQOMARIST ife!uae RS, Wbl 1e (oMM fPfhed of a
augmentor sections of a gas, turbine engine. The coating (24) is used in a
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mafegitgrialhd beacaatingited) coptagtnamsuiface afdhesuRetallonhsulsHMS the
(22) and is formed of a coating material having a tensile strength of more

SrOHR FepuA e AUy rdtERaPa R aRtRY bRy j@nd has sufficient
strefggioi Nt attleasiensfeetalicharenR M dhec GrPeRGRNSBLRNYWhich the

platinum, rhodium, palladium, and iridium, and has sufficient strength to
codpugific Ay tittite to the strength of the component (10) on which the
coating (24) is deposited. Figure 2. 14
Figure 2.
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