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Technical Field The present invention relates to protective
coatings for nmetallic articles and nore particularly to an inproved bond
coat 5 of a ceramc thernal ‘barrier coating systemfor superall oy
substrates. - Background I nf ormati on Duri ng
gas turbine engi ne rpROVETY TEEEMALS SARIIEN ALK ERUARDORETHODIS
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Background Information
During gas turbine engine operation, hot section components
such as turbine blade_and.vane airfoils, combustors, and exhaust

10 nozzles are subject to 6xidizing-and corrosive, high temperature
combustion effluent gas. Because these components often are
subjected concurrently to high magnitude thermally and
mechanically induced;stfeSS,-the art has developed a variety of
techniques in the design and manufacture of these components to

15 ensure maintenance of Structural and metallurgical integrity

| throughout the operating:fange of the engine. For example,
components typically are manufactured from material compositions
such as nickel- and cobalt-base superalloys having desirable
properties at elevated, operating range temperatures. In the

20 case of turbine airfoils, the selected alloy generally is formed
by casting. For enhanqu high temperature strength, grain
structure advantageously may be controlled during solidification
of the casting to prodﬁce a directionally solidified or single
crystal form, thereby providing greater strength for a given

25 alloy composition. o

In addltlon to component strength enhancement by selection
of alloy compos1t10n and control of the casting process, both
internal and external coollng-schemes are employed extensively
to malntaln component temperatures below critical levels.

30 ‘Tailored £ilm cooling of external surfaces and sophisticated
turbulent flow cooling of serpentine shaped internal cavities in
the cast airfoils are“routinely utilized in advanced gas turbine
engine designs respectively to decrease the thermal energy input
to the component and reduce the temperature rise thereof.
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addithpnahogggggg'e@@ﬂaggily referred to in the industry as thermal
barrier coatings or TBCs effectively shield the metallic
substrate of the component from temperature extremes. By
reducing the thermal energy input'to the component, higher
combustion effluent gas temperatures and/or more efficient use
15 of cooling flows are realized with a resultant increase in
engine operating efficiency.

Ceramic coatings are prone to delamination ‘at or near the
ceramic/substrate interface due to dlfferences in coefflclents
of thermal expansion between the relatlvely brittle ceramic and

20 the more ductile superalloy substrate. Subsequently, the
ceramic may spall or separate from the component surface. This
failure mechanism is aggravated and accelerated under conditions
of thermal cycling inherent in gas turbine engine operation. 1In
order to prevent premature failure of the ceramic, methods of

25 providing strain tolerant ceramic coatings have been developed.

" Certain moderate service applications employ porous oOr pre-
cracked ceramic layers. In more harsh operating environments,
such as those found in advanced gas turbine engines, the art
exploits strain tolerant open columnar ceramic crystal

30 structures, such as those described in U.S. Pat. No. 4,321,311
to Strangman. Substantial attention also has been directed to
the use of an intermediate or bond coat layer disposed between
the substrate and the ceramic layer. The bond coat employs a
composition designed both to enhance the chemical bond strength

35 between the ceramic and metal substrate as well as to sexrve as a
protective coating in the event of premature ceramic topcoat
loss.
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: or alumina. In addition .to providing protection, the alumina
film also provides'a chemically compatible suxface on which to
grow the insulative ceramic topcoat. As known by those having
skill in the art, the ceramic topcoat most commonly employ

20 zircoﬁium okide or zirconia, either partially or,fully
stabilized through the addition of oxides of yttrium, magnesium,
or calcium. By growing an open columnar structured stabilized
zirconia on the alumina film, the multilayered coating exhibits
improved integrity under cyclic thermal conditions over ceramic

25 coatings disposed directly on the metallic substrate, thereby

' providing the intended insulative protection to the underlying
component over an extended period. |
While such MCrAlY-based TBC systems have been shown to
demonstrate improved life over systems lacking the MCraAlY bond

30 coat altogether, ceramic topcoat spalling and failure continue
to occur, albeit after a greater number of thermal cycles. It
has generally been_accepted that the failure mechanism is
related to diffusion of substrate alloy constituents through the
MCrAlY bond coat layer. Because the MCrAlY alloys are primarily

35 of the solid solution type, they offer little resistance to
diffusion of elements from the underlying superalloy substrate
which'are detrimental to interfacial bond strength. Upon
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ni xt ureeachingethef intermedinge @mr@oﬁammemhe pmsaax;ce; mﬂmumm
al-um t e
na'ﬁfﬁagea aahgmaéﬁt& eaa%e&t %%@ezyigao’.{]l %F'Er?é Mc rf%ﬁ“?s g

n
coating a erall substrate, t coat :ﬁ%ed
to theb%%sﬁ 5?@959 anﬁeﬁﬁs&lga’@ww in mﬂeumwnmwtmaﬁsnhe orlymbvg' )

or ‘| onEPIRSWIELR ﬁeﬁﬁ!mant aetarittatitn Mad\fsichass o @ld Werahfc
chﬁpacterlstkcal very resistant. to oxidati'on at the el evated

er BPRFR experienced by hot section conponents due to their ability
to 15 formAnobheradypeemf meahddﬂwebmd aozd ﬁoduﬁrxél}alsﬁeﬁmi@dl

or aluhige gkindd hOEhEO RO NG o Gl taeum f1adnalso
| | & K?@

provi dés  a cRemca surtace on
|nsula§lwmlnbdaﬁmc r 9§Qaﬁre ngguiaangmgqaxn;dna/ﬁq; gassﬁurhlna the art,

the ceg agl Pﬁﬁéhef@?t aBATTR MR WkeA) Lt VB AP mdd ] £ 2.
elther tra
a umlnldes as well as platlnnm modlfled alum1n1des. Generally,
aluminides are intermediate phases or 1ntermeta111c compounds
with physical, chemical, and mechanical prqpertles substantially
different from the mbre-conventional'MCrAlbeond coats. As
discussed hereinbelow, some aluminide compasitions'are known to

15 be useful coatings in and of themselves for protecting iron-,
cobalt-, and nickel-base alloys from oxid’dﬁidn and corrosion;
however, some aluminides may be used as bond coats for ceramlc
topcoats in TBC systems.

- The aluminide-based TBC system is 51m11ar to the MCrAlY—

20 based TBC system’ insofar as the aluminide bond coat is first
formed on the substrate surface by conventional diffusion
processes such as pack cementation as described by Duderstadt et

"al. in U.S. Pat. No. 5,238,752 and Strangman in published U.K.
Patent Application GB 2,285,632A, the disclosures of which are

25 incorporated herein by reference. The aluminide coated
componeﬂt also has a surface composition which readily forms a
protective alumina film when oxidized. A ceramic topcoat of
conventional composition and structure, as ‘described
hereinabove, completes the TBC system. ’

30 As with the MCrAlY-based TBC, the weak link in the
aluminide-based TBC is the strength of the bond between the
aluminide bond coat and the intermediate alumina layer.

However, instead of degrading as a function of diffusional
instability as in MCrAlY-based TBC systems, the

35 aluminide/alumina bond is inherently relatively weak. The
failure mechanism for these conventional aluminide diffusion
coatings is the repeated formation, spalling; and reformation of
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? 10 the aluminide bond coats have a substantially hlgher melting
point and lower density. These are 1mportant considerations
when coating parts such as turbine blade alrf01ls which operate
at high temperatures and high rotational speeds. More
important, however, aluminide bond coats exhibit substantially
15 lower solublllty for the substrate alloy solute elements,
thereby retarding their dlffu51on in serv1ce to the crltlcally
1mportant alumlnlde/alumlna interfacial bond.
' Ma]or deficiencies associated w1th alumlnlde bond coats are
related to the 1nherent metallurglcal characterlstlcs resultlng
~ 20 from creation of ‘the bond coat by diffusion. Product1on of a
' conventional aluminide bond coat relies upon reaction of the
substrate alloy Withgaluminum from an aluminum rich gaseous
source'and interdiffusion with the metallic substrate. The
gaseous aluminum:source'may be produced by any of a variety of
25 conventional methods. For example, Duderstadt et al. discusses
’ productlon of an alumlnlde bond coat on a nickel- or cobalt-base
superalloy substrate preferably by the pack cementation method.
Accordlng to this method aluminum from an aluminum halide gas
in the pack mixture reacts and interdiffuses with the substrate
30 surface over t1me at elevated temperature. Strangman discusses
production of alumanlde bond coats by reactlng a nickel- iron-,
or cobalt—base superalloy component substrate with an aluminum
rich vapor at elevated temperature Strangman refers

exclu81ve1y to the te:n1“dlffus1on aluminide” as characteristic
35 of the resultant bond coat. This characterization accurately
- corresponds to the method of aluminide bond coat-production,
namely by diffusion. As a result of the diffusion method, the
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15 alumlna, yttria, and hafnia to the alumlnlde compos1tlon to
‘improve alumina’ £ilm adherence However, the benef1c;a1 effects
of these elements are offset at least partlally by the presence
‘of the base alloy elements prev1ously descrlbed whlch are
detrlmental to satlsfactory alumlna adherence g
20 As stated herelnabove, some alumlnlde comp051tlons are used
not as bond coats in TBC systems but rather solely as
protectlve coatlngs without ceramic topcoats In such
appllcatlons, a goal of those skilled in the art is to protect
the underlylng article substrate from chemically aggressive
25 effluent gases by retardlng envxronmental deterloratlon of the
" substrate alloy due to accelerated oxldatlon and hot corrosion.
There has been research conducted and patents granted on the
beneficial effects of reactzve element addltlons pr1mar11y to
aluminide coatings used solely for coatlng purposes For
30 example, U.S. Pat. No. 4,835,011 to Olson et al , the d1sclosure
- of which is 1ncorporated herein by reference, descrlbes a method .
of forming a d1ffus;on aluminide coatlng on a nlckel- or cobalt-
base superalloy by heatlng the artlcle to be coated in the
presence of a powder mixture contalnxng an alloy or mixture of
35 aluminum, yttrium, and one or more of chromlum, nickel, cobalt,
silicon, and titanium; a halide activator such as cobalt iodide;
and an inert filler such as yttrium oxide. Reference may also
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: 10 these references disclose or contemplate use -of any of these
compositions as a bond coat in a ceramic TBC system.

The consequences of TBC system failure are tangible and
costly. Firstly, thermal operating margin must be factored into
the design of the gas turbine engine to preclude overtemperature

15 and failure-of hot section components. By limiting combustion
parameters to less than. stoichiometric, the realizable
efficiency of the engine is reduced with increase in fuel
consumption as well as levels of unburnt hydrocarbons and other
pollutants. Further, baseline engine operating parameters are

20 premised on the existence of uniform ceramic topcoats, and
ceramic topcoat life is often significantly less than underlying
component life. . This means engines must be removed from service
for maintenance at predetermined intervals, based, for example,
on operating hours or thermal cycles. Combustor, turbine, and

25 exhaust modules are disassembled and the coated parts removed,

' stripped, inspected and recoated. Significant costs are
attributable to aircraft.and.engine unavailability. Further,
substantial direct costs ‘are associated with labor, tooling, and
materials fequired to remove, recoat, and reinstall the affected

30 hardware.  Yet further.unscheduled engine removals are forced
whenever borescope inspection of the internal configuration of
the engine reveals TBC system degradation beyond predetermined

- field service limits, further disrupting operations and
increasing support costs. '
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PCT/ USH¥/ 48684 on the MAlY bond coat and a ceramic tbpcoat isAldppliele
bond coat_cont ai s nlcgeh i_ron, cobal.t fromthe . substrate of the
conpod@ﬂ? %g HERET QﬁGHGvnﬁgﬁnCPﬁElca symbol “Y" signifies the
use of reactlve elements such as yttrium. Also, as used herein,
the term “alumina” signifies predominantly aluminum oxide which
may be altered by the presence of'reactivefélements to contain,
for example, yttrium or zirconium oxides. .
The bond strength or adherence betWéenﬁthe MAlY bond coat
15 and alumina film is enhanced over conventional aluminide and
MCrAlY bond coats by substantially restficting the comPOSition
of the bond coat to between about 13 to 30 ﬁeight perxcent
aluminum, between trace and about 3 weight percent yttrium or
other reactive element such as zirconium, ‘lanthanum, or
20 scandium, either alone or in mixtures thereof, and balance"
selected from nickel, cobalt and iron,'eithér alone or in
mixtures thereof. By specifically'excludihg chromium from the
bond coat in the aforementioned compositional ranges in
combination with the increase in aluminum content, diffusional
25 stability of the chromium-free MAlY bond coat is significantly
improved over conventional MCrAlY bond coats. As a result, the
invention provides a substantial reduction in diffusion of
substrate alloy constituents through the MAIY bond coat, and
maintenance of a strong MAlY/alumina bond resistant to
30 degradation as a function of time at elevated temperature, with
a concomitant enhancement in ceramic topcoat integrity.

A further benefit from the exclusion of chromium from the
bond coat relates to the high vapor pressure of chromium and
chromium oxidation products. At interMediate operational

35 temperatures, for example between about 700°C and about 950°C,
the beneficial effects of chromium for sulfidation or hot
corrosion resistance typically dominate detrimental effects;
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: deposited on the substrate using electron beam PVD followed by
gas phase or pack cementation aluminizing. Although this method
has the:deficiencies previously described with respect to
diffusion aluminides, the presence of yttrium or other reactive

20 element markedly improves the oxide scale adherence for the
aforementioned reasons. Simple physical or chemical wvapor
deposition of reactive elements on the surface of a conventional
aluminide coating could be effected to bring about the desired
surface composition modification. Alternatively, in .preferred

25 embodiment methods, ion PVD or sputtering may be employed to

" coat the substrate using a prealloyed MAlY cathode. Yet another

preferred method employs vacuum or low pressure plasma spraying
of prealloyed MAlY powder onto the substrate. One additional
method involves the deposition of nickel and simultaneous

30 deposition of an aluminum yttrium alloy powder. 1In all three
preferred methods, the coated component is subsequently
subjected to a thermal processing cycle to metallurgically bond
the coating to the component surface and in the last example to
compositionally homogenize the coating. Typically, a heat

35 treatment in vacuum for approximately two hours at about 1080°C

" would be employed to effect the metallurgical bond. According

to the preferred methods, the MAlY bond coat thus produced at




presence of a powder m xture containing an alloy or mxture of 35

al um NURY m and one or nore of chrom um nickel, clg@gh .
silicon, an(ﬁtl%lani um a halide activator such as cobalt 10 |%9e7;m1368 and an
inert fill er such as yttriumoxide. Reference may also
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7 be made to an article entltled "Hot Corrosion of Yttriumnodified

Al um ni de Coatings," Materials Science and. Engineering, Al21 (1989) pp.
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10 alternatives, due both to the 1nconsequent1a1 amount of diffused
chromium and the extraord:.narlly long time perlod requlred
relative to the useful life of the underlylng component. In all
of the methods, alumina growth on the depos:.ted MAlY bond coat
and appllcat:.on of the ceramic topcoat may be accomplished by

15 convent:.onal methods.
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Further, baseline engi ne operating paraneters are 20 prem sed on the

exi stence of uniformceram c topcoats, and ;54 .ceramc topcoat life is
often significantly | ess than underlying corrponent life. This neans
engi nes nmust be renpved from service for maintenance at predeterm ned
"intervals, based, for exa De§ BE R o gyl; Prawiintey mal cycl es.
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10 'FIG. 2A is an enlarged schematlc, cross-sectional view of a

portion of a superalloy article coated with a TBC system in
accordance with a preferred embodiment of the present invention;
and | |
FIG. 2B is an enlarged schematic, cross-sectional view of a
15 portion of a superalloy'article_coated_with a TBC system in
accordance with an.alternative embodiment of the present
invention. |



di sclosed, primarily for use on nickel- and cobalt-base super al | oy
article hot section conponents of gas 5 turbing hd 368 A .
superal | oy substrate is first coated with a bond coat having an MAI'Y
conposi tion where Mis nickel, cobalt, i ron or conbinations thereof. An
i nternmedi ate | ayer of alum na I s-fepned on the MAIY bond coat and a
ceram c topcoat is applied overall. As used herein, the chem cal

synmbol "Y" signifies the 10 use of. reactlve elenents such as yttrium

Al so, as used herei : :donlnantly
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t he excl usi on of _chro n1fro nd coat tes to t I gh vapor
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15 combustion effluent passes through both the HPT 22 and LPT 24
where energy is extracted to drive the HPC 18 and fan 16. Each
turbine stage, for example HPT 22, includes a set of statlonary
turbine vanes 30 and rotating turbine blades 32 dlsposed 1n ‘the
effluent stream to optimize flow orientation and energy

20 extraction. After passing through the turbine frame 24, which
supports the rotating components of the engine 10, the effluent
is mixed with the fan flow and passes through the exhaust nozzle
28, producing a net force or thrust which prbpels the engine 10
forward. ;

25 - Hot section components 12 exposed to the high temperature,
corrosive combustion effluent may be coated_with the MAlY bond
coat TBC system, in accordance with the teachings of this
invention, to protect the superalloy substrate from excessive
temperaturelas well as oxidation during engine operation.

30 Referring now to FIG. 2A, depicted is an enlarged
schematic, cross-sectional view of a portion of a superalloy
article 34, such as an airfoil wall of a turbine blade 32,
coated with the MAlY bond coat TBC system in accordance with a
preferred embodiment of the present invention. Schematic

35 representation and relative thickness of each layer of the
multilayered TBC systems depicted in FIGS. 2A and 2B are meant
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ef fects of chron1un1for sul fidation or hot corrosion resistance
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. Al thoudh t lRquaktdwdsuperior to that between other layers in the TBC

% system.

Produced on the subStrate 36 is a MAlY bond coat 38 having

a composition of about 13 to 30 weight percent aluminum, between
trace and about 3 weight percent of a reactive element such as

15 yttrium, zirconium, 1anthanum, or scandium, or mixtures thereof,
and balance being nickel, ‘cobalt, iron or mixtures thereof. In
a preferred composition, bond coat 38 includes about 20 to 22
weight percent aluminum, about 0.25 to 0.4 weight percent
yttrium, and balance nickel. In both instances, chromium is

20 purposely omitted from tﬁe;bond'coat 38, although some
inconsequential, 'inadvertent trace amount might conceivably.
exist therein. The bond coat 38 is preferably produced by means
of low ‘pPressure or vacuum plasma spray u51ng a prealloyed
powder, rather than conventional diffusion methods such as pack

25 cementation. An exemplary plasma spray method is disclosed, for

' example, in U.S. Pat. No. Re; 33,876 to Goward et al., the

disclosure of which is incorporated herein by reference. By
using a plasma spray'method, the composition of the bond coat 38
may be controlled better and the migration of base alloy

30 elements from the substrate 36, which might otherwzse pose a
detriment to bond coat/alumlna adherence,.may ‘be reduced
markedly. A relatlvely thln diffusion zone 40 inherently forms
between the bond coat 38 and substrate 36 supportlng the bond
therebetween. _ _

35 " Due to the highly reactive nature of the MAlY bond coat 38
during production of the TBC system,'aluminum proximate the
exposed outer surface of the bond coat 38 substantially




has the deficiencies previously described with respect to di ffusion
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| Trpr ove de scal e adherence for the af orenent i oned reasons.

Si npl e physical or chem cal vapor deposition of reactive elenments on
the surface of a conventi onal al unhgi de coating could be effected to
bring about the desired surface conposition nodification.

Al ternatively, in preferred 25 enbodi nent net hods, i.on PVD or sputterrng
nmay beingphayeseously dxiiidds @mtéxp@sm Ngo aaz@{ e@d:j;g&ﬁdo%éﬁﬁehb@de-

Yet angth referred t hod o s.vacuum or res pl,asma
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an alu Ide? é¥§%¥g I erre hods, the
coat ed%gﬁﬁo)r% a:i?fﬂbsequen a td %baxréﬁﬁgmf%aa?{ﬁﬁ 6{? Q ggéessr ng
cyc e bas Valﬁuﬂ@ﬁiﬂMQ/QQpﬂpat 44rﬁsc§m§p¢gpdcpmrtheombwmena filkad2 and
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Y[287/%9§19P t. No. 4,321,311 to Strangman, the 5;sc 3§E¥81§ 8wh:r.ch is

10 incorporated herein by reference. The columnar ceramic topcoat
44 preferably is produced by electron beam PVD although other
techniques consistent with the productlon of such columnar
microstructure may be used as desired. An exemplary PVD method
and apparatus is disclosed in U.S. Pat. No. 4,880,614 to

15 Strangman et al., the disclosure of which'is incorporated herein
by reference. | 1' | "

- Referring now to FIG ZB depicted is an enlarged

~schematic, cross- sectlonal v1ew of a portlon of a superalloy
article 134 coated w1th a TBC system in accordance with an

20 alternative embodiment of the present 1nventlon The article
134 includes a substrate 136, preferably composed of a nickel-
or cobalt-base superalloy. However, it is contemplated that the
MAlY bond coat of the present embodiment of the invention also
may be suitable for use with any superalloy or other metallic

25 substrates with which it may form an'adeqnate bond.

' Produced on the substrate 136 is a MAlY bond coat 138
having a composition of about 13 to 30 welght percent aluminum,
between trace and about 3 weight percent of a reactive element
such as yttrium, zirconium, lanthanum, or scandlum, or mixtures

30 thereof, and balance'being nickel, cobalt,_ircn or mixtures
thereof. 1In a preferred composition, bond coat 138 includes
about 20 to 22 weight percent aluminum, about 0.25 to 0.4 weight
percent yttrium, and balance nickel. Here again, chromlum is
purposely omitted from the bond coat 138. Iﬁ.thls embodiment,

35 the bond coat 138 is'produced by first'applying yttrium to the
substrate 136 by“any conventional method; such as electron beam
PVD. Thereafter, the MAlY bond coat 138 may be produced by gas



- nost contain_tra of alloying constituents fromthe superal

substrat e, wbg'((.)aq]§ “Yhe corrpgsi '?i on of the MAlY bond coat IOi S %"s’?’ggfﬂhed
prior to its application onto the substrate surface and because its
~application does not exploit a diffusion 5 jgeaction involving the
substrate. Accordingly, the bond coat is substantially chrom umfree.
Sone m nor anount of chroni um m ght diffuse into the bond coat over an

- extended pephadedhlumin®Behgl. OBdcordiRRy aid!Mfis phitcdrl et Siberallo
detrinental effects of, thilis. are cqnsidered ni.nor‘as conpared wth_ other
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diffused tempepatureafidrt he lengtioiot ramd \sufifigiente ferproduesuthed
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Y\Dlslﬁ{ 292196t rés_tricted to gas hgggcrﬁlﬁqi%izoﬁfﬂ%#%ﬁ%&gﬁ source of
- invention, AhUBEBUMIMAYeDR ERPIO¥RS ta SIRPASte FhS BAuMinGiRg RHeR
together with fupkheg %@g&@m&d Aatidal 6in FIGY 281 @hé YMAEECHbRAd
1nthe foll ogLnd 98! 8 cqaaes otk 'tHe a1uniilhe e nd dnd "enbédatd®
acconpanyi n§P8FahAfigdnctuggs: fpoth the : g
10 yttrium rich intermetallic phase particles 148. Clearly, if the
underlying substrate 136 is a nickel-base alloy, then ithe
coating formed will be nickel aluminide. Similarly, if the
substrate is a cobaltebéSe alloy;'the coating formed will be
cobalt aluminide. Further, if instead of first applying yttrium
15 to the substrate 136; zirconium, lanthanum, or scandium were
applied'in sufficiently-high concentration, the resultant
particles 148 would be rich in the applied reactive element.
As with the embodiment of FIG. 2A, a relatively thin
diffusion zone 140 inherently forms between the bond coat 138
20 and sdbsﬁiéte 136'supp6;tihg'the bond therebetween. ‘The
diffusion zone 140 may Céntain the diffused reactive element
first applied. R | |
bue to the highly reactive nature of the MA1Y bond coat 138
during production of the TBC system in FIG. 2B, aluminum
25 proximaté the exposed'outer,surface of the bond coat 138
" substantially instanténedpsly oxidizes upon exposure to oxygen
or moisture containing'environment at elevated temperature,
resulting in a thin 13yer of alumina 142. Lastly, a ceramic
topcoat 144 is disposed on the alumina £ilm 142 to achieve the
30 desired insulative properties of the TBC system. As depicted,
the preferred ceramic topcoat 144 has a non-columnar but strain
tolerant morphology produced by plasma spraying techniques,
although other conventional methods of application may be
employed as desired. The plasma sprayed ceramic topcoat 144 may
35 be uniformly dense, or may exhibit controlled porosity as
depicted generally at 146, having a substantially nonporous



FIG 1 is a schematic, cross-sectional view of a typical gas turbine
engi ne ¢Ryspbsdsd hot section conponents suitable for PORIAGd9SBidepN Of a
TBC systemin accordance with a preferred enbodi mrent of the present

i nvention; 10 FIG 2A is an enlarged schematic, cross-sectional view
of a portion of a superalloy artd glgg coated with a TBC systemin
accordance with a preferred enbodi nent of the present invention; and
FIG 2B is an enlarged. schematic, cross-sectional view of a 15 portion of
a supca:aidm;alarsux:f&ceoanédmcreaamgcpsyesényl proximateothenaduniia an
al-ter odi ment of the present ~ I-nvention. WO 97/ 29219
PCT/Ugggkégégg? - 12 -
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three38, 138 may be between about 40 and 120 microns; the thickness
’ of the alumina £ilm 42, 142'between aboﬁt 0.1 and 3 microns; and
10 the thickness of the ceramic topcoat 44, 144 between about 80
and 350 microns. These ranges are exemplary Values outside
these ranges, alone or in comblnatlon, are cons1dered within the
scope of the invention. 1In a preferred embodiment for an
airfoil of a gas'turbine engine blade 32 or vane 30, the
15 thickness of bond coat 38, 138 may be between about 50 and 80
microns; that of the alumina film 42, 142 may'be between about
0.5 and 1.5 mzcrons, and that of the ceramlc topcoat 44 144 may
be between about 100 and 150 microns. ' '
While there have been described herein what are to ‘be
20 considered exemplary and preferred embodiments of the present
invention, other modifications of the inVentionIWill become
apparent to those skilled 1n the art from the teach;ngs herein.
It is therefore deslred to be secured in the appended claims all
such modifications as fall within the true sp1r1t and scope of
25 the invention. Accordlngly, what is de51red to be secured by
' Letters Patent is the invention as defined and differentiated in
the following claims. |



stage high pressure conpressor ("HPC') 18, a conbustor 20, a |
- stage -hi gh pVOIZEIH%t urbi ne ("HPT") 22, a two stage |low . 3&’3@9@“&
turbine (“tPT)—24,—a turbine frane 26, and an. exhaust

nozzle 28
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i thickness of each |ayer of the ~multilayered TBC systens depicted in

: FIGS. 2A ard 2BThe: imezemtion according to claim 1 wherein said bond coat

2 comprises:

3 about 20 to 22 weight percent aluminum;

4 about 0.25 to 0.4 weight percent yttrium; and

S balance nickel. :

1 3. A substantially chromium-free bond coat of a thermal

2 Dbarrier coating system on a superalloy substrate, the thermal
3 Dbarrier coating system including a ceramic topcoat, said bond
4 coat consisting essentially of:

5 about 13 to 30 weight percent aluminum;

6 between trace and about 3 weight percent of a reactive

7 element selected from the group consisting of yttrium,

8 zirconium, lanthapum, and scandium, and mixtures thereof; and
9 ' balance selected from the group consisting of nickeli
10 cobalt, iron and mlxtures thereof.

1 4. The invention accordlng to claim 3 wherein said bond coat
2 consists essentially of:

3 about 20 to 22 weight percent aluminum;

4 about 0.25 to 0.4 welght percent yttrium; and

5 balance nickel '

1 5. A thermal barrler coating system comprising:

2 a bond coat comprising:

3 ‘about 13 to 30 weight percent aluminum;

. This Sheet Has Been Replaced
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- 13 - il only and in no manngép & i ended to
wo g1 BEEN The ar tﬂ—d—e—éﬁ—r‘n—g% 7P
Briio

restrict the scopeffo :

i ncl udes a substr ate=34 c of which is depi . rate
36 is preferably 5 conposed o keg - - or cobaltﬁbiﬂ“ﬂ ﬂﬂﬁ ME!. l
. however, it is ~contenpl ated that the MAI'Y bond coats 0Ol

i nvention may be suitable for use with any superalloy or other netallic
substrates w t h batweent tragef and aboateGusedghtnppercent of RIrfEEASive

. hexgei ized a3 ; 1 |
Sufer 1o MG 1 BEPHA RYOH RUTGIEMY LBt B O Yignlly. 1
Pr §ducziirepniws, skasthanumzsand ‘gcrrdiuns nandomd xEares ithpreof A and
composition of ahayandd kE188ckel $2onPthet Brobll Boldlst iy 'R nicidy 20
enment such as yf%

ang about 3 wejght percent of a reactive e ) ] rum
zi BcorfFPRLE ant FER UG OMIZEUKESy Fhegeok x Whexein, sader bond cgat His ance

beong faekisér Gﬁbﬁbétekﬁ.ﬁédob?/”hbbéh%é bEchadked chromiumPreferred
oat .38 i ncludes ;about, 20 to 22 wei ght percent

cqnposi tion, bond ¢ _

aﬂ@ﬁinunl a%Bu?fBW§83t6389£ £Bi §Aid.2rpgneoat: and i um and bal ance ni ckel
| ilbot h i nsa aceramichtoproati en28aiguafjamting daetred from t he bond coat 38,
al t hough sone i nconsequential, inadvertent trace anmount m ght
codceiwabl yThe imyentiocheasctordingetbocdadvat $hereim elddhiondramhtced by

MEQNS comprises:

3 about 20 to 22 weight pércent aluminum;

4 about 0.25 to 0.4 weight percent yttrium; and

5 balance nickel.

1 7. A coated article comprising:

2 a superalloy substrate; and

3 a thermal barrier coating system on said substrate, said
4 thermal barrier coating system comprising: Lo

5 a bond coat on said substrate, said bond coat"”

6 comprising: o | _

7 about 13 to 30 weight percent aluminum;

8 between trace and about 3 weight percent of a

9 reactive element selected from the group consisting of yttrium,
10 zirconium, lanthanum, and scandium, and mixtures. thereof; and
11 balance selected from the group consisting of
12 - nickel, cobalt, iron and mixtures thereof, wherein said bond
13 coat is further characterized by absence of added chromium;
14 an alumina layer on said bond coat; and

15 a ceramic topcoat on said aiumina'layer.

1 8. The invention according to claim 7 wherein said bond coat
2 comprises: | '
3 about 20 to 22 weight percent aluminum;

4 about 0.25 to 0.4 weight percent yttrium; and

5 balance nickel. |

1 9. The invention according to claim 7 wherein said superalloy
2 substrate comprises a superalloy selected from the group of

3 nickel-base superalloy and cobalt-base superalloy.
This Sheet Has Been RTlaced
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. of Iom1pressure or vacuum pl asma spray using a preallaoyed w@g
ceren

. rat her, t han W8V onal diffusi on methods’ SUch as pack 25 ?’Pgﬁs
An exenplary plasma spray nethod is disclésed;’ for . . _exanpl e, |n U S.

- Pat . rd et al.; the dISC|OS .

: |ncorporat I“lim‘ﬂ“ﬂmlmmﬂwence g ug'lgng a pl asi
conposi tion *of ¢t he bbnd cdat 38 nay be control | ed%asd

- mgration of base alloy 30 elenents fromthe substrate 36, I C
~otherwilse 38se Fhe inyentigmageerding &R1¢laim havhereir nﬁéldrrﬁs)afé@d

reduce® artgiehedcsmprAsed ain \elgindipart f falsi Deageong ﬁ@rtﬂbﬁr 88t Whikhr i%
- bet mee;the bonddc%at 38 an ubst @tG @‘yﬁfort' n% the b Qﬂ
"t her ebet weBHPO8S #ﬁ%ﬁﬁ r PRaTaFLoBs ﬁEeﬁﬁlY bond

t 3 d L t t.h
exposed outdr “éﬁﬂ%aﬁéﬁ%?%%‘" bgé#%ﬁ%éy%%ﬁ% £ PhOEELRT SXLEP LGl RE
1 97/ 29219 part is selected from the group conPOTt Lg9 70016868bustors,

- 14 - 3 tuerﬁIeaEtL%'&%&'S'éth‘ir?é Srand® O te%?%”fr&ﬁe n¥n8X¥§ﬁQ}1

' nmoi stu contai ning environnment at eleva enperature, resu glng in a
. thin Id&ernQﬁZ&B§n1nun1OX|de or alumna 42. Such an oxidized - | ayer may

- also be referred to as an aluminpa filmor scale. 5 Llastly, a ceramc
“topcoat! 44123 dRsHEEEPD PR RFOAUGARG 3iFewpal barrier coating system on a

superalloy substrate, the thermal barrier coating system
including a ceramic topcoat, said method comprising the steps
of: : o '
1) providing a superalloy substrate; and
2) producing a bond coat on said substrate by plasma
spraying a prealloyed powder comprising:
about 13 to 30 weight percent aluminum;
between trace and about 3 weight percent of a reactive
element selected from the group consisting of yttrium,
zirconium, lanthanum, and scandium, and mixtures thereof; and
balance selected from the group consisting of nickel,
cobalt, iron and mixtures thereof, wherein said prealloyed
powder is further characterized by absence of added chromium.

(- J- BN B SRRV A A

b bued b ek ek
H W N =0

13. The invention according to claim 12 further comprising the
step of forming an alumina film on said bond coat.

N -

- 14. The invention according to claim 13 further comprising the
step of producing a ceramic topcoat on said alumina film.

DN

15. A method of producing a thermal barrier coating system on a
superalloy substrate, the thermal barrier coating system
including a ceramic topcoat, said method comprising the steps
of:

1) providing a superalloy substrate; and

2) producing a bond coat on said substrate by:

a) depositing a reactive element on said substrate by
physical vapor deposition, said reactive element selected from
the group consisting of yttrium, zirconium, lanthanum, and
scandium, and mixtures thereof; and
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to achieve the desired=isul-ativeLoparti es of the TBC system As

depi ot eo RS ng;[TﬂgsnE@rﬂms)egéﬁ f4 has a col UMapcrpssmoises

_ ti al ReptageDSt entjjwi th that discl ose U.S.
Pat. No. 4,321, 311 to ‘Seremgrrm—ttre=dFs¢| osure of which is 10

inc [INby reference. Thegcal umar ceranic topcoat 44
preﬂmm)mumlwmﬁu ed by el ectron beam PVD, although ot her t echni ques
consi stent" wi* hthe production of such col umar m crostructure nay be

tdsed gs desNiO r ed.%)Sgd%?Fmﬁ?*yrésy&mghsdid sxlmﬁﬁrﬁﬁégﬁitlhsahsadh?ﬁmhﬁﬁﬁﬂ in
~»- at . . i [ nan.et gl .., the disclosure o Icn 1's
i agorfﬁ"ﬁ'fc&i Hé}eeq#n sab@l?ch}%r%%%ggprocﬁceg cﬂ@?ﬁ?‘??ﬁ@ now to FIG 2B,

dépicted is an enl ar gagobut 13ctend@iweighbspereentoaktiminaw;of a portion of

géguper al | oy artijﬁérg% _ of€€%%gda%t &ut BS ?ggﬁﬁp #ﬁr@gﬁpj g _n%gi\gi th an |

alternative enbodi present 1 nventl e artic 134

_ e
i A8l ugeactivRIement3@NGr ef erabl y conposed of a nickel-  or

cepal t-base superal | Qyalafbeeygiectéd BremNEREPHRLES EBﬁEiEEing ofVAl Y bond
cg?t of, t he present enpodi ne he 1 nvention al soO may b& suitable
f u

] nt of t . Y

sdckaly agb%lrperm%mé BixErrag: bhereods whepeirafeddPORIni ch it
My f goattprsiBited eidofurther charaftetized by abgenvbsbEabddeds is a MALY
b?gd Cﬁaft 138 havi ng a conpositi.on of about 13 to 30 wei ght percent
al Uni FFRO™ WM pet ween trace and about 3 wei ght percent of a reactive
el ement C [ i ny t han S ' . Lxtures
30! T RS oot Rl #ESofhLEG LU e LR T ML AL OREL 1LY o
t h2r esftep |of £orninrg rar abwptRat fokn eBngatdabondscPatl udes about 20
to 22 weight percent alum num _about 0.25,to 0.4 wej er.cent

) . I | ght R
ytiri 3. akheARYRREIPR (AFCOTRERG BYaFhaiBhibnfurther compragdng $henitt ed
from gt o¥ pasdudBlg aldetdmiceobpdbatnbn Saidt ARuingnd €9am.138 is
produced by first applying yttriumto the  substrate 136 by any
conventional nethod, such as el ectron beam
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PVD. Thereafter, the MAIY bond coat 138 maty be- produced by gas WO |

97/29219 . . = PCT/FUS97/ 01368

- 15 - MWRSH29AUni ni zi ng. According to this process, the BOHUSEIIIGS
substrate 136 is reacted with an al um num halide gas at el evated
tenperature for a length of time sufficiefff to produce the desi red bond
coat thickness and conposition in accordance wwth 5 the aforenenti oned
constituent ranges. Cearly, the nethod is not restricted to gas phase
alumnizing in that any source of al um num may be enpl oyed to support

t he al um ni zi ng step. is represented schematically in-ADG 2B,
the .MAl'Y bond coat 138 incl¥des both the alum nide coating ahd enbedded
10 yttriumrich in s 148. dearly, if the
underlying substrate 136 is a nickel azegge al I oy, then t he coating
formed will be nickel al ymree n E ate is a
cobal t - base all oy, theAoali-a8 =T, ob3 41 pmijni de.
‘Further, if instead 6T first 4' E'}UU' '-ﬂﬂ!f-l I sticpge 136,
.zirconium | anthanum or sca VeH Zppl i ed] di e12t l'y high
concentration, the resul tant el S 18 woul u— the applied
‘reactive el enent. 8 . Iﬂh, o H'] a relatively
t hin di f fusi on zo l '—'-' ] ﬂ dtﬂd‘t 138 20

and substrate 136 support ret-weens
: 20

FIG. 1

34— 134 I
TTTTTTTTIT] 144 . = = t

i I ‘ l l | | ' | l o, B2 = =146

38| N A B
40} 140 2ata oo s {
7. RN

FIG. 2A FIG. 2B
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“diffusion zong, ]DA},W contain the diffused reactive el enent ~first
applied O ¢ 5 the hi ghly reactiv@tnature of the MA YPEHHSITIIE
: 138 during production of the TBAMENDEDCLAMS G 2B, al um num 25

' mmmg““mm“ d outer surface of the bond coat 138 substantial ly
_' | nsit I | Zeeseived byithe byepmational Bupeao sty 25eSeptember 0997 126.09190y; € cont ai ni ng
. enviTorment A&t &l evat e Coriginatpiningst 183, 7, 11 and ¢S arhendedgnewrtlaim 1$14dded; ayer of

“alum na 142. Lastly, a ceram cremmmnadpmnmhailﬂﬂwgdb]sposed on the al um na

film142 to aclil eve tgg ‘?chgélgfeg | %&cngﬂi%ﬁe%‘}é&% gg Tg&: system

- As depi ct ed the erred CeramcC umar but

strain ‘20| supara thﬂW%d&'@édtb?%hs‘?@?%ﬁﬂ%ﬁ%‘-ﬂﬁcﬁﬂ#ﬁﬁés
. al though ot Ber memuaﬂhgoaaéefmﬁtwdﬁp&aapphasatb&m r&aadoe:ompne pyed as

~desired. The plasm cer cQ 144 be unifornly dense,
~or may exhi Elt cont ?§5P€d§€o"r°os fed'g?‘% Bt ‘al ly at 146, having
a substanti 8l |y nonpetween trace and \ADORE/ zgvzegght percent of a reactive
PCT/US97/ 01868 o3 ement selected from the grou consist:. ot Fttriuﬁx'f ernal
"surface and I ncr easi ng JLOSIQ)%/ oXl| 'um na

The aver age?t hedERERLUB; ’H’E‘h éF?ﬂ?‘“‘Pheand m%“FFFa§B?Eﬁ°q'B@nd

. systens depBcted i nb&lafce deabarntemﬁmm bbhe group consisting of nickel,

5 9 cobalt, iron and mixtures thereof, wherein said bond coat is

10 further characterized by absence of added chromium.

1 2. The invention according tc claim 1 wherein said bond coat
2 comprises:

A7

about 20 to 22 weight percent aluminum;
4 about 0.25 to 0.4 weight percent yttrium; and

5 balance nickel.
1 3. A substantially chromium-free bond coat of a thermal
2 Dbarrier coating system on a superalloy substrate, the thermal
3 Dbarrier coating system including a ceramic topcoat, said bond
4 coat consisting essentially of: |
5 - about 20 to 30 weight percent aluminum;
6 between trace and about 3 weight percent. of a reactive
7 element selected from the group consisting of yttrium,
8 zirconium, lanthanum, and scandium, and mixtures thereof; and
9 balance selected from the group consisting of nickel,
10 ccobalt, iron and mixtures thereof.
1 4. The invention according_to claim 3 wherein said bond coat
2 consists essentially of:
3 about 20 to 22 weight percent aluminum;
4 about 0.25 to 0.4 weight percent yttrium; and
5 balance nickel.

5. A thermal barrier coating system comprising:

a bond coat comprising: |

3 about 20 to 30 weight percent aluminum;

This Sheet Has Been Re[ilaced AMENDED SHEET (ARTICLE 19)
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5 selected by thos art to achieve a desired ~insulative
-result. Wb@niﬂ |ca H l"lmll a gas turbine engi ne 10 or ot her

har sh envi ronmnent Mmess o bond coat 38, 138 REEUSHIOBIBeén
about 40 and 120 m crons, the t hi ckness of the alumna film 42, 142
bet ween about 0.1 and 3 microns; and 10“fhe thi ckness of the ceramic

topcoat 44, 144 between about 80 - and 350 nicrons. These ranges are

| Vall t
TPl L i e e crace! BAREAN0% wl R pREctl SO MldcHlve™ °
for am elwrousekﬁctadggomuthensr@g; eenajisidagief oyttedwm30, the 15

t hi cknesszfcheiisn anntQ&anBaﬁaysé&ﬂﬂwe%dabﬁ%uéQs aﬂi’e:?ébf aﬂa Cf ons;
t hat - the alum ngﬁ\afl | m 42 tween:. an,d

m crons; and that lapce ch&ﬁFgeaﬂg’E%t JEPRR ﬁggsisti% ?ert'b?lé'é‘ﬁ’]about
100 artl 1ewbadts cikon and mixtupes| thersof, meﬁaeﬁadésbambe:bmns n what

are t@bef@&hwrﬁiﬁ%&h@éﬁﬁpbﬁr&bé&i’cé”ﬁ Ydaed eRpsriakNts of the present

|nvenié ot her |f|c t-i;ons |nvent|on wi | | becone apparent to
those!®killed ¥ha &M Pﬁes? MEicPRY |t is. therefore
desirtd to be aemar&uic mopheaappandhihcéknmﬁnaaﬂhyer such nodi fications as
fall within the true spirit and scope of 25 the irnvention. Accordingly,

what ip dgsirefhd O RantSon Q@c3¥d1n%eé@t<%ﬂ:§n Baﬁvﬁai‘eiﬁ sdfa BRI dGAR as

deflngﬂ and dljferpntlated In low ng ¢
comprises:

3 about 20 to 22 weight percent alum;num,
4 about 0.25 to 0.4 weight percent yttrlum, and
5 balance n1cke1
1 7. A coated article comprlszng
2 a superalloy substrate, and
3 a thermal barrier coating system on: sa1d substrate, said
4 thermal barrier coating system comprising: . .
5 a bond coat on said substrate,;said bond coat:..
6 comprising: .lﬂ L
7 ' about 20 to 30 weight percen;'aluminum;-
8 between trace and about 3 weight percent of a
9 reactive element selected from thetgroupldqnsisting of yttrium,
10 zirconium, lanthanum, and scandium, and mixtures thereof; and .
11 balance selected from the group consisting of
12 nickel, cobalt, iron and mixtures thereof, wherein said bond
13 coat is further characterized by absence of added chromium;
14 an alumina layer on said bond coat; and
15 a ceramic topcoat on said alumina layer.
1 8. The invention according to claim 7 wherein said bond coat
2 comprises: .
3 about 20 to 22 weight percent aluminum;
4 about 0.25 to 0.4 weight percent yttrzum, and
5 balance nickel.

9. The invention according to claim 7 wherein said superall
suhstrate comprises a superalloy selected frcm the =w8£_

3 'nlckel_bgse superalloy and cobalt-base superalloy. REPLACEMENTJSHEET
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g(7)at of .a xhé?’ﬂe?f’"%‘&?rlﬂllmumuumm m}n OS_QIMS | g sﬁperlal'qféygsg?oc:m

substrate, the thernmal barrqer c@atsng*system23 i ncluding a
ceram c topcoat, said bond coat conpr|3|ng 4= about 20 to 30
wei ght percent al unmi num between trace and about 3 w ei ght

percent of a reactlve e t, selected, fromthe .consisting
of yttrium 1! ?hez+?¥fﬂﬁ%ﬁﬁ 4€5ﬂﬁéﬁm§ °aﬁ§a§%éﬁdﬂﬁﬁﬁlgh xFopEed
thereof ; and art1c1e8compriw AT enginec paut{ ratm ldusty@oportdosi of  wich is
ni ckel, 3 %Boﬁﬂhal:&  conisith Beeiueas &Hﬂﬁé’f%gé/ﬂ&&ed Cﬁé!rdoPO”d

coat- i s further characterized by absence hrom um

2. The inventian. acmédiﬂgeﬁn&i aaa&aadagr €bnclaiw imndm@lah said engine
conpri ses: t

A *%bout oPREE BeoegLeglil Erchl ok ol e R SH or” cdiblibbrs,

bal ance ni ck3| . turbige bla@%ﬁ)stmnialq yfa@#mntunbin%efm.cm exhaust

t her mal 4 ngzzhggtler coating systemon a superalloy substrate, the

t her mal barrier coating systen1ihc|uding a ceram c topcoat, said

30 wei gh percen?"if ArRREha' o8 SR o pBbomay, yaspist, eparifd HieCon fp 2
percent of a2r eSupe¥alloy substrate, the thermal barrier coating system
3 including a ceramic topcoat, said method comprising the steps
of: '
1) providing a superalloy substrate; and
2) producing a bond coat on said substrate by plasma
spraying a prealloyed powder comprising:
about 20 to 30 weight percent aluminum;
between trace and about 3 weight percent of a reactive
10 element selected from the group consisting of yttrium,
11 zirconium, lanthanum, and scandium, and mixtures thereof; and
12 ' balance selected from the group consisting of nickel,
13 cobalt, iron and mixtures thereof, wherein said prealloyed
14 powder is further characterized by absence of added chromium.

-2 B B - W I

13. The invention according to claim 12 further comprising the
step of forming an alumina film on said bond coat.

o ) e

14. The invention according to claim 13 further comprising the
step of producing a ceramic topcoat on said alumina f£ilm.

[ ]

15. A method of producing a thermal barrier coating system on a
superalloy substrate, the thermal barrier coating system
including a ceramic topcoat, said method comprising the steps
of: |

1) providing a superalloy substrate; and

2) produc1ng a bond coat on said substrate by:

a) depositlng al rgactlve element on said substrate by
physical vapor de9051t10n, éaid reactive element selected from
the group cons1st1ng of yttrlum, zirconium, lanthanum, and
scandium, and mixtures thereof and

O 00 =3 N WU S W N
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T el enment sel ect eﬂm' fﬂﬁH con5| sting of yttrium 8
~-zirconi UWOM and m xtures thereof; and
gmoﬂgCi 1"”?GMﬁ@Bbalt

bal ance sel ecte from a SI sting of nickel,

iron and m xtures thereof. é The |nvent|on accordi ng to clalm
3 wherein said bond coat con sfs essentially of: 3
about 20 to 22 wei ght percent alun1nun1 4 about 0. 25 to 0. 4

wei ghty per cent yt”b}mi:hé”zo&f.ter reacil ng. samlﬂm&'tgkﬁkth an 3l “8' coat

A ther rral barrier coatlng syste
conpr i @i ngource, whegein 3315 b%GGPtZBr? cRA \RIMPRFA8EEE cent  al uni num

- 18 -13 4  about 13 et BBERei mepﬁutmbauhmﬁnmwht percent of

a reagyive S SR cohed LA LSLAPpeatsleti by

yttrium N zi rconi um SChanuny —and scand
t heredp; &e@ctive e’-m’?‘:- and - bal ance selected fromthe group

consi sfgi ng of nickel, = palance selected from the group consisting of
17 nickel, cobalt, iron and mixtures thereof, wherein said bond
18 coat produced is further characten.zed by absence of added
19 chromlum

16. 'rhe mvention accord:.ng to claim. 15 further compr:.s:mg the

1

2 step of forming an alumina f£film on said bond coat.

1 17. The invention according to claim 16 further comprising the
2 step of producing a ceramic topcoat on said alumina f£ilm.

18. The invention according to claim 1 wherein said bond coat
2 has a thickness of less than 90 wmicrons.
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L cobal t es thereof, wherein said bond coat is 9
further ﬂ Fﬂ Hmrgbj‘&bsence of added chrom um
akungna | oat and : 11 a ceram c topcoat on

sai d¥al um na I ayer. - b.. The inventi on accctrdl ng to @7
wher ei n sai & bond coat 2‘,:cor'rpr'|'ses . ut 2

22 wei ght ' percent al um num ¢ ¢ 4 . iapout 0:25 to 0 4 we

per cent yttrium and 5 bal ah‘ce ni ckel . -

coated article conprising: 2 a super.all oy subst r_at e; and

3 a thermal barrier coating system ongm substrate, said

t her mal barri er coating system conpri sing: 5 a bond coat on

sai d substrate, 1sai dAbbofid cesit of a therwal GaREi&r "grating systew on a

about 20 to §0 ‘ngg%lgt?fcsq{i;st g‘ né‘ﬂé thermal Ba?r:ae:i coat::Lfl%mayt égtglt \ggtegd

trace and about ercen Ve e
from.the grodp é@ﬁépgﬁlﬁlga Fenapg. e EﬁPCOa“-- said bongdjgaagnicomPrigiFianum and

sc?ntﬂ ug}fand mhxt ur geoli 3 o 36nde%gl'it2 perceikaél alum:.bnulm, bal ance

sel ected fromthe group consistin ickel . cobalt H Xt ur es
t her eof , 'E]EI n salg gvb Trike gn%Bab%‘bta[} welght (BRRCe @ﬁa?gc?exsélgctd”l?y
absence of afidedlementi sedected fromithe group congistingriofayteyiumon said

bond coat; aqd z:.rcon:.unjc5 lanthanum, &nd YcHHds ullPaRe mi%tusas dedrEB8£}a and
| ayer . The in entlgn accordln%to cl ai,m { _whe eln,s id bond
coat . corrpr?%]a%nce selecte goPuR PSS IRg| ’Lfé?eg'ent

al um num 9 cdbalt, 1mmland0m25tmne3).t¥hanepghtwma'e:msaydtbmdncqatd is
10 further characterized by absence of added chromium.

1 2. The invention according to claim 1 wherein said bond coat
2 comprises:
3 about 20 to 22 weight percent aluminum;
4 about 0.25 to 0.4 weight percent yttrium; and
5 balance nickel. '
is 1 3. A substantially chromium-£free bond coat of a thermal
e 2 barrier coating system on a superalloy substrate, the thermal
' 3 Dbarrier coating system including a ceramic topcoat, said bond
4 coat consisting essentially of: '
5 about 20 to 30 weight percent aluminum;
6 bétween trace and about 3 weight percent of a reactive
7 element selected from the group consisting of yttrium,
8 zirconium,'lanthanum, and scandium, and mixtures thereof; and
;3 - 9 balance selected from the group consisting of nickel,
10 cobalt, iron and mixtures thereof.
1 4. The invention according to claim 3 wherein said bond coat
2 consists essentially of:
3 about 20 to 22 weight percent aluminum;
4 about 0.25 to 0.4 weight percent yttfium; and
5 balance nickel. |
1 5. A thermal barrier coating system comprising:
a bond coat comprising:
3 : about 20 to 30 weight percent aluminum;



5 . ~The invention according to claim?7
wherei n sallmgﬁmﬁ" “Hlml”ul 2 substrate conpri ses a superall oy sel ected
from: he gr ni ckel - base superal | oy and cobalt-b

supert | oy. -19- . .1 10. The invention r"
claim7 wherein said coated . 2,article conprisSes an |

at least a portion of whichis - , .. i 3 exposed .to conbust

during operation thereof. | *19+TH&"i nventi on accordlng t
claim 10 wherein said engine 2 part is selected fromthe group

consi sting of, conbustors, r bj ades turbine v S
t ur bi ne f?a mel, and exhau§'(etween trace QEH 8%9?%5 weight percen 5%23 igactlve

met hod of proﬁjucélgn%ntt eelegtedafyoretheogrong contimping af yttrium, 2
superal | oy supstyat&onihe LAREARR2 #nae 5 cand dmJ a%ﬁsfnmures thereof? and

I ncluding a ceramc topco t sai ri.sing the 4
of © g 7 P lance séEtheg %ro the oup consfgtlng of nickel,

i 8 cbbalt, iron and mixtures thereof, wherein said bond coat is
9 further characterized by absence of added chromium;
10 an alumina layer on said bond coat; and
11 a ceramic topcoat on said alumina layer.
1 6. The invention according to claim 5 wherein said bond coat
B 2 comprises:
ﬁﬁ_ 3 about 20 to' 22 weight percent aluminum;
é% 4 about 0.25 to 0.4 weight percent yttrium; and
5 _balance nickel. |

7. A coated article comprising:
‘a superalloy substrate; and
a thermal barrier coating system on said substrate, said
thermal barrier coatlng system comprising: ] |
_ _a bond coat on said substrate, said bond coat
comprlsxng
about 20 to 30 weight percent aluminum;
between trace and about 3 weight percent of a
reactive element selected from the group consisting of yttrium,
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10 zirconium, lanthanum, and scandium, and mixtures thereof; and
11 balance selected from the group consisting of
) 12 nickel, cobalt, iron and mixtures thereof, wherein said bond
- 13 coat is further characterized by absence of added chromium;
14 an alumina layer on said bond coat; and
15 ) a ceramic topcoat on said alumina layer.
1 8. The invention according to claim 7 wherein said bond coat
"2 compcises: ' '
3 about 20 to 22 weight percent aluminum;
4 about 0.25 to 0.4 welght percent yttrium; and
5 balance nickel.

9. The invention according to claim 7 wherein said superalloy
~ substrate comprises a superalloy selected from the group of
3 nickel-base superalloy and cobalt-base superalloy.
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peralloy substrate; and- 6 2)
produm Em Mﬂi sai d substrate by plasm ' 7 spraying a
preaIIo . _ 8 about 20 to 30 wei ght

|ng
percent al um num (5. ' bet ween trace apd about 3 wei ght
pércent of a reactive 10 el ement. sel ected fromthe group
-consi sting of yttrium 11 zirconium_ lanthanum ahd scandium and .
m xtures thereof; and 12 -« -+ »pl-ances selected fromthe
group consi sting of nickel, 13 cobalt, iron and m xtures thereo
wherein said preall oyed 14 powder is further characterized by (::
absence of addled10hr oTheninvention accoxdii®y tohelaimchiwhereincsaid repated

claim 12 further S e epaPef1dytNangosPich WE Whilchl A
on said bond ¢ Q aE-ESTEié é&ﬁbﬁg = 92 en%'mee %r?\%ie:ntagn accor‘-=1 ?ﬁg %o cl |m113 ' 6

further conpr?5|ﬁ§PPﬁ§d to °°mb“5t2°ns? usm pPBH,Eﬁrﬂ?%f55§PBnFB ¥¥Proat on
d al | 1 t
bar i 6F conti hg Ghst oFpgiavention’ SR ¥8 Qlalk A Urddedn' S dUngine

barrier coatlhg partcks selected fgoml¢hﬁlﬂﬁnﬁg QOEQQQQﬁRS'PGpéeHP %Qﬁ%i
met hod CO”DV'§'nﬁuEB§n§tEi§aes, turb1ne4méﬁes. turbine frames, and)exhaistdi ng

a superal | oy iubstrai and 2) producing a bond coat on
sai d substrat@ bff°zZ es. 7 a) depositing a reactive el ement
on said substrate by si cal or deposition, said reactive
el enent sel ecl ed1®rond method of Br?%wmgﬁbﬁptg&ﬁ@ﬁ%tbﬁﬁf*@ﬁ ?PPF%%HthStem on a

zirconium | apt hgGpera ity substrate, lthe Ghesndl) ba¥¥idl Xoatthgt Systend ; and

3 including a ceramic topcoat, said method comprising the steps

g 4 of:
' 5 1) providing a superalloy substrate; and _
6 2) producing a bond coat on said substrate by plasma .
7 spraying a prealloyed powder comprising:
8 " about 20 to 30 weight percent aluminum;
9 between trace and about 3 weight percent of a reactive
. 10 element selected from the group consisting of yttrium,
ﬁg- "7 11 zirconium, lahthanum, and scandium, and mixtures thereof; and
' 12 .. balance selected from the group consisting of mnickel,

13 cobalt, iron and mixtures thereof, wherein said prealloyed
14 powder is further characterized by absence of added chromium.

13. The invention according to claim 12 further comprising the

p—

2 step of forming an alumina film on said bond coat.
14. The invention according to claim 13 further comprising the
;} step of producing a ceramic topcoat on said alumina f£ilm.
1 15, A method of producing a thermal barrier coating system on a
2 superalloy substrate, the thermal barrier coating system
3 including a ceramic topcoat, said method comprising the steps
4 of: _
5 1) providing a superalloy substrate; and
6 2) producing a bond coat on said substrate by:
7 a) depositing a reactive element on said substrate by
8 physical vapor deposition, said reactive element selected from
. 9 the group consisting of yttrium, zirconium, lanthanum, and
10 scandium, and mixtures thereof; and
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react| ng said substrate with an al um num
12 source“l m i lmnd coat produced conprises:

abou wel g\ t sper cezt al um num 14 bet Ween
tracd and about 3 wei ght petcent of said 15 reactlve ejpenent ;

bal ance sel ected from¢the group cansisting-aof ., .17 i ckel é?co@
i ron ‘and rfi xtures thereof, wherein <aid bond - . 18 coat produ
further characterized by absence of added "' -2, 19" :ehr om um

The invention according to claim15 further corrprl sing the

2 Eb
formng an umna filmo d coat The ntio
accor di ng t? Lolaim 16 furghegﬁ%’b‘?ﬁ:ﬁ% oL p5atHing said ?“'%ﬁ'é?)t%f“ﬁ?‘ogﬁc?n‘éma
ceram c topcldat soursei, dwheneimessdid bpond coat produged Tomp¥isesnti on

~according tosclaim1l wherein sjidhPqRde608¢ weight perBédt mlumigkngss of

| Iesswt“han 90 m crons. between trace and about 3 WEIth percent of said
e 15 reactive element; and

16 balance selected from the group consisting of

17 nickel, cobalt, iron and mixtures thereof, wherein said bond

13 coat produced is further characterized by absence of added

19 chromium.

1 16. The invention according to claim 15 further comprising the
o 2 step of forming an alumina film on said bond coat.
- 1 17. The inve_ntion according to claim 16 further comprising the
2 step of producing a ceramic topcoat on said alumina film.

b

18. The invention ac_:coiding to claim 1 wherein said bond coat
2 has a thickness of less than 90 microns. '
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- 20- eafter reacting said substrate with an 12

al um num so”lnmmw H“,HH[d bond coat produced ﬂ3 conprises: 14 -

about 13-to 30 e percent al um num :15 : « - . . 'between trace and
about 3 wei ght percent of 16" said react i ve eheneﬂb and 1.7

bal ance selected fromthe group consisting 18 of nlckel, cobalt, iron and
m xtures thereof, wherein said 19 bond c®8t produced is further
characteri zed by absence of 20 added chromum -1 16. The invention
according to claim15 further 2 conprising the step of formng an al um na
filmon said 3 bond coat. 1 17. The |nvent|on accordlng to cIa|n116
further : ; I
alunlna

SN T g T DT R

13 comprises:

14 : about 13 to 30 weight percent al

15 between trace and about 3 wei percent of
16 said reactive element; and

17 balance selected from group consisting

18 of nickel, cobalt, iron and mixtured thereof, wherein said
19 bond coat produced is further chdracterized by absence of

20 added chromium.

16. The invention accopding to claim 15 further

1

2 comprising the step forming an alumina film on said

3 bond coat.

1 The invefition according to claim 16 further

2 the step of prbduczng a ceramic topcoat on said
3

1 The invention according to claim 1 wherein said bond

19. A bond coat of a thermal barrier coating system on a
superalloy substrate, the thermal barrier coating system
inecluding a ceramic topcoat, said bond coat comprising:
about 20 to 30 weight percent aluminum;
between trace and about 3 weight percent of a
reactive element selected from the group comsisting of
zirconium, lanthanum, and scandium, and mixtures thereof;

and

O 00 W s W N

balance selected from the group consisting of nickel,
"cobalt, iron and mixtures thereof, wherein said bond coat
-is further characterized by absence of added chromium.
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1 19.
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t opcoat ,

al um

A bond coat of a thernal
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barrier coating systemon a 2 si¥o8
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(54) Tile: IMPROVED THERMAL BARRIER COATING SYSTEM AND METHODS

CW)Ammnm

Disclosed is an improved bond coat of a thermal barrier coating system useful for enhancing adhesion of a ceramic topcoat to a-
superalloy substrate. The bond coat includes about 13 to 30 weight percent aluminum, between trace and about 3 weight percent of a
reactive element selected from the group consisting of yttrium, zirconium, lanthanum, and scandivm, and mixtures thereof, and balance
selected from the group consisting of nickel, cobalt, iron and mixtures thereof, wherein said bond coat is further characterized by absence
of added chromium. A preferred method includes plasma spraying a prealloyed powder of the bond coat composition on the substrate
followed by alumina formation and ceramic topcoat deposition. Uses include thermal barrier coating systems on gas turbine engine hot
section components such as turbine blade and vane airfoils, combustors, and exhaust nozzles.




