STRUCTURAL ENVI RONVENTALLY- PROTECTI VE COATI NG
BACKGROUND OF THE I NVENTION fi This invention rel ates
to coatings of the type used to protect conmponents
exposed to high tenperature environnents, such as the
hostile thermal environnent of a gas turbine engine.
More particularly, this invention is directed to
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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
of 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
impurities, 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
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In addition to the above, the suitability of environmental coatings and TBC bond coats
formed of NiAlPt to contain both gamma phase (y-Ni) and gamma-prime phase (yp-
Niz;Al) 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.
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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 incurring yet 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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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
tridium, 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 si:rength 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 transition elements
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C nmponent s orces, sucC
contudtar nigneds fahdidugmentor hardware of gas turbine engines. Of partlcular

interest 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 blade 10 shown in Figure 1, the teachings of this invention
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than 7%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,
alumina 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




preferred material for the TBC 26 is yttria-stabilized
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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

.



The TBC 26 is deposited to a thickness that is
sufficient to provide the required thermal protection
for the underlying wall 22 and bl ade 10, generally on
the order of about 100 to about 300 microneters. As
with prior art TBC systens, an inportant role of the
coating 24 is to environnentally protect the airfoi
asnvatrbord@émywWamiexp asdiubg tifagivexi ahd ifighiu@nVi Fiaalig nthromium,
within a_gas_turbine engine. A function of .
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adhesion of the TBC. In contrast, if the coating 24
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lesishené ufipRdaiml nithdéniven) and palladival. BedahspoLtie@xtellendoxidation
strengt heners such 7 as zirconium_ hafnium tantal um
and; (cqHPEAR  EitancebPlimts FPisdemipant nplatiawm, Sroypy msteim (PGM)
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more than 20% of nickel and chrom um conbi ned,

notgily ehvaihymp chromgne, ehdmidedo aVitithe abseope iof matelativelyt thick

re than, 10% of other allovi ng copstituents,i
ol alearin fontangs 76, &y Mranehioe i et Hibi%e, g, the present
inpér@ibR v 6ids eirneiecy i shAlRitiORbE HRABC 26 RS biduk GobScradkeng and
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by wei ght, _ . . i N
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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 superatloys tend to notably decline, such as 10000C
and above. As an example, a coating 24 formed of a rhodium-palladium-platinum

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



suitable alloys for the coating 24 are believed to
contain rhodium zirconium and at |east one of

pl ati num ruthenium and palladium Because of the

excel | ent oxidation and corrosion resistance of its
predom nant pl ati num group netal (PGVY

constituent(s), the coating 24 tends to grow very
philddbl® Hoheeo ? Qf&eﬂltﬁa land Uhb@CE wel#® percent zirconium
represent ed In re , in dontrast to conventi onal
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thanngbosi R0BNST wadehilloys hepiediigvased abefdrinaogRifigagse turbine engine
characteri zed by strengths (tensile and/ or rupture) of
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about 25 wei ght percent 8 palladium about 10 wei ght
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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,



tensile strengths that typically do not exceed about
30 MPa, 20 MPa, and 70 MPa, respectively, at about
1100C, and are therefore generally on the order of not
nore than about 20% of superalloys typically used to
formrotating gas turbine engine conponents such as
the blade 10 of Figure 1. As a result, while rotating

aluiRiAe m&faﬂ@aﬁﬁnt&baﬁu Céhr@diditlCett], afe oRnNpéSent in superalloy
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69MGRG] Adup3vesd. 22. Thicknesses of at |east 25
mcroneters and nore particularly about 35 up to
about 125 microneters are believed to be preferred
Te dicln dhustrate the b@@eﬁa@ of theaptesms inBatemshe ¢ollawiag is intended to
cén%g@@l%%ﬂtfgr% '(ﬁ)‘iﬁﬁéﬁt \];vItH %ﬂa@ﬂloggr %n%ggﬁgﬁ?lhéoaﬁﬁgs and the
processes an hea ment's use €
cmglm%s(lﬁvelﬂﬁﬁc @dr this padpbsd)y thitkngk @fabae 500 ndicrometers
- dl ffu5| on zone 30 beneath the coating 24 in Figure ()i
wilh de agsmety foathaayals pretasted Gy 2 t:@tlasc(@mmrrweragm bond coat)
I 0 t
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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 +
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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melting point regions typically present and
detrinental to traditional alum num based
envi ronnental coatings and bond coats because of the
high nmelting tenperatures of the predom nant
constituents of the coating 24. To inhibit
interdi ffusion and thereby better control the
oxidatims ahd earrodion hesitort i ofgpréferred ebiafifig Shaeriddaof ilds invention
coating may pe . .deposited on the substrate 22 hefore
re@éﬁﬁsﬁ'ﬁﬁeﬁ §o ttﬁf‘e thigigtesth a% e cqEknEIP e‘serlbﬁow SErepligibls, lpyels, the
o R S e 18 S0 o geenathe
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wailtalid tcb@tﬁiff Woild ha®OY ichRBIRA sBbn AR 3EbREStoRE sigealloy of 100%.
coating 24 of this invention. For this purpose, a
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for.. , C t Ik .
R REP ahhF SR, B ARG ML Al O i
invegtigiret ers. 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
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coating due to oxidation, tHe origina conbi nat 1 on of
thigkinkssaindhe ebavenerampldsd Adéernaihetye dhinoeromaledt faets wa be utilized,

and tqgn forgF@h na@gtive strength of 80% In a first
S%&Q@HB?SH? FOfATeRv e “coating is a coating 24 of the

present invention having a strength of about 60% of

WHile tht Avealtion Yhak hakn fdegorbel  tomhd of 32Prefci@e embodiment, it is
conbination of the wall and_the coating would have a
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had been fornmed of the superalloy. Because the 10
oxi dation and corrosion resistance of preferred
coating materials of this invention
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reduces | osses to the thickness of the coating to very
| ow or negligible levels, the conbination of wall and
coating substantially retains its original strength.
In a second exanple corresponding to the present
i nvention, the coating has a strength of 100% of the
superalloy that fornms the wall, in which case the
Cﬁgﬂ@$nation of the wall and coating would have a
rned strength relative to the superalloy of 100%
Agai n, degradation of the conbined strength of the
1.y o Sk B8 4 SubBtratd Birmed &t sugehflo@xhatatial0 theBéhting
corrosion resistance of the preferred coating .
SystemeqonaITisings an; gRvionmprtaly-penicctive enatingeonsand contanting s purface

i n.t.hag. the. thickness of the wall 22 could
orgls SBYGhE ASGRCHDR! G

achi eve conbi ned wal | +coating-
strengths of equal to or greater than that possible
the\edating i thirined bhh ceingmadteral thaling @atisilg seigttbondorahin 50%
terials. As a result, if desired.the coatjngs o Qf
ofihe supergo steriehat Beteamstdite <t 3heul PRGCefo bl *1 156-C the
i BERBRSLA ojLhe t PEALE Bl _
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nore than”25% thickness 1 n the
condistug ebpdatpiues rhodlive) padladived, wnd irklivmer wal | ed parts
can be utilized, saving material cost and wei ght. :
Vii | e t.he inventiop has bee escribed.in terms of a. .
2. i Gelingsfiog frendfine 5 e T. cpilened i et BF Mipeshyera
cofi@itlsd b ewadR ta JedBY 69%%13@4&1@&, irRodifi, phlladium, iridivm, or a
Accordingly, the scope of the invention is to be

copnbiiatied thas¢of. by the following claims. 11 CLAIMS: 1. A
coating systemon a, substrate fornmed of a superall oy

ter] C L , i.Sing:_an .

5. oEe Phflng DAl Ak (YR T, 6 FTCLRIRRILE in thot the conting

maetidl dmeher cbnthine aslehs CPabet not hntatthe | b%etuminutahat @ t he
coating is formed of a coating material having a

tensile strength of, nore than %. of the perallo .
4. eSS S SRR (Y e A AT e p SEracienzed in
that ¥a0CoatihP enat DR Firfikr WBAiSHk At 1cR& 999 bR /A MYrd &lkh| 209265 nickel

| east oné nmetal chosen fromthe group consisting of
ang chnormvmmin cpmbingtien.pal | adi um and iridium 2. The

coating systemaccording to claim1l, characterized in

5. tﬁl%tcotaﬁt?g gﬁ?&ﬂ Q&oﬁﬁﬁg [d ﬁly one of claims 1 to 4, characterized in that the
coating material further contains at least one of zirconmium, hafnivm, tantalum,
 titanium, niobium, tungsten, molybdenum, rhenium, and ruthepium in a combined

amount of at least 2 weight percent but not more than 10 weight percent.

6. The coating system according to claim 1, characterized in that 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, characterized in that the coating material
consists essentially of about 91 weight percent rhodium, about 2 weight percent

ruthenium, and about 7 weight percent zirconium.
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contains, by weight, at |east 60% of platinum
rhodium palladium iridium or a conbination
thereof. 3. The coating systemaccording to claim1
or 2, characterized in that the coating materi al
further contains at |east 2% but not nore than 15%
al um num 4. The coating system according to any one
of ,claiys 1 through. 3, characterized in hat the .
8¢ &5? P?@mﬁéf'%mﬁw?rﬁmﬁ@ Y Bt 0 8708 | 10k ShaGIEBARY ip hat the
erlVfofmle@lly- PRI QiveRb&tkfY has ARk BF HRds13 5 RRRbRARHON-
5. The coafting systemaccording to any one of clains 1
to 4, characterized in that the coating materia
9. Uihernepting sitstinn gcenrding 4e tany wee of claims & rtp Fnfuttldr romprising a

Lantal . Litaniu i obi,u t ungst e nmol ybdenum,.
e i AR e e B i R SR oG9 PP hing.
| east 2 wei ght percent but not nore than 10 wei ght
1(peThe bdating systan oadingdosyigloasofchingdl Agotgh 8| daficerized in
characterized in_that ‘the coating material consists
thatibe sebstipteys an aigfod pompongitiof A gap@riesengdadi um  about
25 wei ght percent palladium about 10 wei ght percent
pl ati num and about 3 wei ght percent zirconium 7.
The coating systemaccording to claim1l, characterized
in that the coating material consists essentially of
about 91 wei ght percent rhodium about 2 weight
percent ruthenium and about 7 weight percent
zirconium 12 8. The coating system according to any
one of claims 1 to 7, characterized in that the
envi ronment al | y-protective coating has a thickness of
at least 35 mcroneters. 9. The coating system
according to any one of clainms 1 to 8, further
~conprising a thermal-insulating ceramc | ayer adhered
to the environnental ly-protective coating. 10. The
coating systemaccording to any one of clains 1
through 9, characterized in that the substrate is an
airfoil conponent of a gas turbine engine. 13
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