COATI NG SUI TABLE FOR USE AS A BONDCCAT I N A THERVAL

BARRI ER COATI NG SYSTEM BACKGROUND 5 The present
invention relates generally to a thermal barrier

coating systemfor a conmponent that is exposed to high
tenperatures, such as a gas turbine engine conponent
(e.g., blades, vanes, etc.). Mire particularly, the
present invention relates to a coating including a | ow
al um num content, where the coating is suitable for

use as a bondcoat in a thermal barrier coating system
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include low thermal conduct1v1ty and strong adherence to the underlying substrate.

The TBC system typically includes a metallic bondcoat and a ceramic

topcoat (i.e., a thermal barrier coating or TBC topcoat), The bondcoat is applied to

25  the substrate and aids the growth of a thermally grown oxide (TGO} layer, which is
typically aluminum oxide (Al,O; or “alumina’). Specifically, prior to or during
deposition of the TBC topcoat on the bondcoat, the exposed surface of the bondcoat

can be oxidized to form the alumina TGO layer. The TGO forms a strong bond to

both the topcoat and the bondcoat, and as a result, the TGO layer helps the TBC

30  topcoat adhere to the bondcoat. The bond between the TGO and the topcoat is
typically stronger than the bond that would form directly between the TBC topcoat



typically stronger than the bond that would form
directly between the TBC topcoat 2 and the bondcoat.

The TGO al so acts as an oxidation resistant |ayer, or

an "oxidation barrier”, to help protect the underlying
substrate from damage due to oxidation. During use in

a gas turbine engine, the TGO thickens as alum num 5
diffuses into the TGO fromthe bondcoat and oxygen
diffuses into the TGO from the& conmbustion products and
cooling air in the turbine gas path, reacting to form
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20  insulation, thereby reducing the temperature of the bondcoat and the substrate.
Thus, TBC ceramic topcoats are designed to have low thermal conductivity. There
are various techniques of applying the TBC topcoat on the component, including air
plasma spraying, vapor deposition and thermal spraying methods such as a high
velocity oxy-fuel method.

25 The bondcoat is important to the life of the TBC system. If the
bondcoat fails, the TBC topcoat may spall, after which the TBC system quickly
deteriorates. TBC topcoat spallation exposes the bondcoat to the high-temperature,
oxidizing environment of the turbine gas path, as well as to any corrosive species
that may be in the gas path arising from impurities in the fuel and ingested fine

30 particulates or contaminants. The higher temperatures and any deposits of



oxi di zing environnment of the turbine gas path, as well

as to any corrosive species that nmay be in the gas
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20  percent of tungsten (W), about 0 to about 1 weight percent of zirconium (Zr), and a
remainder of nickel (Ni).
In another embodiment, the bondcoat includes about 5 to about 10
weight percent of Al, about 10 to about 18 weight percent of Co, about 4 to about 8
weight percent of Cr, about 0 to about 1 weight percent of Hf, about 0 to about 1
25 weight percent of Si, about 0 to about 1 percent of Y, about 1.5 to about 2.5 weight
percent of Mo, about 2 to about 4 weight percent of Re, about 5 to about 10 weight
percent of Ta, about 5 to about 8 weight percent of W, about 0 to about | weight
percent of zirconium Zr, about 10 to about 40 weight percent of platinum (Pt) or

other noble metals, such as palladium (Pd) or iridium (Ir), and a remainder of nickel

30 (Ni).



percent of M, about 2 to about 4 wei ght percent of Re,
about 5 to about 10 weight percent of Ta, about 5 to
about 8 wei ght percent of W about 0 to about 1 weight
percent of zirconium Zr, about 10 to about 40 wei ght
percent of platinum (Pt) or other noble netals, such

as palladium (Pd) or iridium(lr), and a renai nder of
nickel 30 (Ni). 4 BRI EF DESCRI PTI ON OF THE DRAW NGS
FIG 1 is a perspective view of a turbine blade. FIG 2
is a cross-sectional view of tHe turbine blade of FIG
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within the broad ranges in order to form a bondcoat that exhibits desirabie
mechanical and chemical properties that are compatible with the underlying
20  substrate.

The bondcoat of the present invention may be applied (or “deposited”)
to a suitable substrate, including a superalloy gas turbine engine component, in
order to protect the substrate from oxidation, corrosion, erosion, and other adverse
effects attributable to a harsh operating environment. The inventive bondcoat is

25  particularly suitable for use with a component formed of a single crystal superalloy
that is commonly designated a “fourth generation single crystal superalloy.” The
fourth generation single crystal superalloy contains high levels of ruthenium and
rhenium, and exhibits enhanced creep strength compared to other single crystal

alloys. Anexample of a fourth generation single crystal superalloy is described in



effects attributable to a harsh operating environment.
The i nventive bondcoat is 25 particularly suitable for
use with a conponent forned of a single crystal
superalloy that is commonly designated a "fourth
generation single crystal superalloy.” The fourth
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It has been found that when many existing TBC system bondcoats are
applied to a single crystal superalloy substrate, such as the fourth generation single
crystal superalloy substrate, aluminum diffuses from the bondcoat to the underlying
substrate because the bondcoat typically has a higher aluminum content than the
25  superalloy substrate. In addition, nickel and cobalt diffuse from the substrate into
the bondcoat. It is desirable to minimize this interdiffusion in order to maximize
the aluminum available for the stable and slow growth of a pure alumina TGO.
Furthermore, when the single crystal superalloy substrate contains high

concentrations of refractory metals such as rhenium (Re), the aluminum, nickel, and

30 cobalt interdiffusion can result in the formation of deleterious topographically close



crystal superalloy substrate, alum numdiffuses from

t he bondcoat to the underlying substrate because the
bondcoat typically has a higher al um num content than

the 25 superall oy substrate. In addition, nickel and
cobalt diffuse fromthe substrate into the bondcoat.
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acts as an adhesive to bond the TBC topcoat to the bondcoat. Despite a lower

aluminum content than existing bondcoats, the bondcoat of the present invention

25 contains a sufficient amount of aluminum to aid the growth of an oxide layer that is

thick enough to act as an oxidation barrier. The aluminum in combination with the

yttrium content of the inventive bondcoat aids the slow growth of a spinel-free
oxide layer with good adhesion to both the TBC topcoat and to the bondcoat.

It has been found that the bondcoat of the present invention exhibits a

30  coefficient of thermal expansion {(CTE) of about 6.4 microns/inch/°F. This valueis



substrate (e.g., the fourth generation single crystal
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turbi ne bl ad@‘elq}agrﬂiacﬁmﬁf"e%ftTQ(arslﬁt% 16|dgpends gipon Ry factors,

B S SR A1) AR LSS A e 1
2) i thatppd exmbsed/ ¢ tixohpstlgtressful verditnmsbl Beteexbfiple, in alternate
embodiments, TBC system 16 may be applied over a part of the outer surface of
body 14 rather than over the entire outer surface of body 14. Furthermore, because
bondcoat 18 may also be a stand-alone environmental coating, body 14 may be
25 fully covered with bondcoat 18 and only partly covered with ceramic layer 20. If
turbine blade 10 includes cooling holes leading from internal cooling passages to
the outer surface of body 14, TBC system 16 may also be applied to the surface of

the cooling holes.
Turbine blade 10 is shown as an example of a gas turbine engine

30  component that requires the use of a TBC system. However, the bondcoat of the



The exact placenent of TBC system 16 depends upon many
factors, 20 including the type of turbine blade 10

enpl oyed and the areas of turbine blade 10 that are
exposed to the nost stressful conditions. For exanple,

in alternate enbodi nents, TBC system 16 nmay be applied
over a part of the outer surface of body 14 rather

than over the entire outer surface of body 14.
Furthernore, because bondcoat 818 may al so be a

stand- al one environnental coating, body 14 may be 25

ful | prezovaenedtivh mby bonra fdth adBsiaable@BmporRat fol WhitRU & R6krable
with ceramic | ayer 20. If turbine blade 10 includes

cool {thBroRst agrinst He PRRyatnLomYireRBeniancludis ofgr prBRMGR!S it @ gas
the @ Mﬁﬁ{ ﬁgﬁgace of body 14, TBC system 16 may al so be
applie e surface of the cool i ng hol es. Turbine

bl ade 10 i S Elioo 2 esectionabviawpl frtdhe adiol, Wheriagection Bitaken at

nen t uires the use, of a TBC system
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turbin ngi ne. FIG s, a sectianal vi,ew o t bi
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of body 14. TBC system 16 i ncl udes bondcoat 18 and

der afatwut d9emilo0. Ceramie daser 28 weebeaany thamahl barriks qceting (or

Fﬁd%/ﬁébpt%%él&ﬂ%hsgsﬁi&?ﬁg | & Cﬁqul_ﬁ%%ng- St ; Qa%b(%lg%&a fgc?}ogzgl%ys such
appl iag@ut sot biatd o} ziréonda dtdbiliden @5t yttﬁﬁmehpﬁacﬁh@lg(Gdﬁg ceria

0.0127 millineters (about 0.5 n1£é% to about_O.
mi || (wear scandia((@eblad croothar| axjdescdrespmic lpygrel0 Boleppsiteddn 2

any ttlﬂﬁ&ﬁ?é tthalrs rsﬁﬁirme?l éﬁdugﬂ t(§ @rrowdett}?%%ﬁ\glc Od)tpélj?lﬂl ;oﬁectlon for

sui t use on a at's an

akl opsndcebict8. as, but not limted to, zi rcom a

stabilized wth yttrla(Y203 adol i nia ( , .ceria
(Ce@), scar%?@c?%dﬁegqslst%?ssesw&z Omoab%to a@ev weighfpgteent

20 i %Fﬂ? ngcﬁttlg% éﬂ%u 18 J«ng R ﬁt Jf rat aHo%t Stdfabbd SG\U&%ht Ipercent

enoug t'o pr ovid ere t her mal pr ot ection

15 bofdgaboeutD8o akan tlecight pBcand nﬁﬂﬁ tlsoud § seattoutl wyigbfpercent of

abOUtS 3 gl?t Oatkc))% '(:)utll percengo% Ypa out PtS to about 2.5 weight percent of Mo,

20 about 2 to about 4 weight percent of Re, about 5 to about 10 weight percent of Ta,
about 5 to about 8 weight percent of W, about 0 to about 1 weight percent of Zr,
and a balance of Ni.

In another embodiment, bondcoat 18 consists essentially of about 5 to

about 10 weight percent of Al, about 10 to about 18 weight percent of Co, about 4

25  toabout 8 weight percent of Cr, about 0 to about 1 weight percent of Hf, about 0 to
about ! weight percent of Si, about 0 to about 1 percent of Y, about 1.5 to about 2.5
weight percent of Mo, about 2 to about 4 weight percent of Re, about 5 to about 10
weight percent of Ta, about 5 to about 8 weight percent of W, about 0 to about 1
weight percent of Zr, about 10 to about 40 weight percent of Pt, and a balance Ni.

30  Alternatively, other noble metals such as Pd or Ir, or combinations thereof, can be



of Al, about 10 to about 18 wei ght percent of Co, about

4 to about 8 weight percent of Cr, about 0 to about 1

wei ght percent of Hf, about O to about 1 weight percent

of Si, about O to about 1 percent of Y, about 1.5 to

about 2.5 wei ght percent of M), 20 about 2 to about 4

wei ght percent of Re, about 5 to about 10 wei ght

percent of Ta, about 5 to about 8 weight percent of W

about 0 to about 1 weight percént of Zr, and a bal ance

of Ni. In another enbodi nent, bondcoat 18 consists

essentbsalityd foff Pabout 5 to about 10 wei ght percent of

Al, about 10_to, about B 18 wei ercené of Co, about 4

25 to about BORFEPYNt ﬁ@%@@h@g@wedevebe alungnyrg agiesmpared to

wei {

o g%“‘%g‘gﬁ‘?ﬂ oﬁcoﬂgoag?ggﬁ'{beg?[é el%tsﬁf(i;l @r&dﬁ‘ﬁk% @%BE&B& 18

abo uto Body lmgﬂtlmmmmnmthel\focmaion of a PCP phade inubodd 14 that is
i ght ent of abqut 5, to

pér c affel ‘Hf’l%?réo %8&&‘5'@” ‘BB‘E}PmS LL@‘?% V\gégq’o@? gy As

abou?r&ﬁt@b@@%ﬁ bddy Mk Qi?ﬁxe%féasafau@,f thér ethbl&@ HtTt%ftaeout 6.4

about 40 wei ght percent of , bal ance .
Al 't ennatons/mctxPF oBhedcontoHi aismestlmn's asﬂ:% ofisboRti6 érrnlbm)ps/mch/"F

BonaBatee B Gk s o $PRissR: FhapdibOR 14t g ghopensio or

conmp@eeMal cleGaue tiaokiag oPANARATbSndRBC #iS dacreasdl t
| ess al um num di f fuses from bondcoat 18 to body 14.

Thi s hel ps tléowﬁatrhﬁ meaceprdatcgvitrthopressnt inventipn plax beapphied to

body tiha t I abl, j: | 0

o unPSa 19t dhohe? SubSlE R lafiefhe’ olimbi) 8t H, suitable
st at mzthnhoeiynclwdmgthémalqﬁapfarosaspﬁsr(agl phasink &]iraﬁdépbhtxérﬁoralgh
CTE of about 6.4 _mcrons/inch/F, Bondcoat 18 al so

exhi Belosityoxyfiel GIVOE) depogitign)yphysisalyapaedrppsitions g fatodic arc
the @J}%s}f@n %?c@é?ﬁlcg g&%f) CyC qgoh@&){b metS §dcmnln§3rlasma

t he propensi’ty for I nduce crac Ing o
flai | sprey dépdsniod acetliodiBuded tcdqml)elamdcbat lﬂ)tthmdyI déas ki®winnn the
accordance with the present invention m gtgl iled to .

body *H4/48M 8 PR ST L ORI b Atherme gy %ceé  GRERdOptin
Wi t D, 3RMustEtaaee Atp%ﬁnﬁ'sﬂﬂﬁ ’torl:k{‘ G J@l&é"@ﬁd@der&pﬂbﬁﬁ of the
processes (e.g., plasma spray deposition or high

vel ocoatipgmuyf meﬂlbsgrwwplcdlépomratcs)m)a, lophrshsuiad envagooment of an
deposition (e, q.,. cathadi g arc ition

ook €498 Y4568 « T St srd” BTy Henmlera py

Bb as B&ntrol mechanism that allows the torch to move at least in one direction relative to

the substrate.

In one method of applying bondcoat 18 to body 14, a vacuum plasma
spray process is used, where the process utilizes a deposition chamber pressure
ranging from about 13.33 kilopascals (kPa) (about 100 Torr) to about 40 kPa (about

25 300 Torr), a plasma torch current ranging from about 400 amperes (A} to about 900
A, and a plasma torch voltage ranging from about 50 volts (V) to about 85 V. The
plasma spray torch is controlled by a 3 to 5 axis robot, which positions the torch
about 15.24 centimeters (about 6 inches) to about 50.8 centimeters (about 20
inches) from body 14. During the deposition process, body 14 exhibits a

30 temperature in a range of about 815.56 °C (about 1500 °F) to about 982.22 °C



15 spray deposition nethod is used to apply bondcoat 18
to body 14. As known in the art, vacuum plasma spray
deposition is a thermal spray process that is carried
out in a vacuum chanber. A plasma spray torch, which
applies a powdered formof the coating onto a
substrate, typically operates in a | ow pressure

envi ronnent of an inert gas, such as Argon. The plasna
spray torch is typically mani pl®ated by a 20 contro
mechanismthat allows the torch to nove at |east in one
di r egiboRn 1860 aF). Vén hlRernitd @nfbidBidn@) @ vdclunsadied Bstdy @fethod
appl yi ng bondcoat 18 to body 14, a vacuum plasma spray
pr oc dacduding difiseent parameterstaaytheoiseds util i zes a

deposition ¢ f .aho . .
ki Iopascalgn?@gﬁ§r§£€ E@D%Eﬁgrr?%@é&&%%@ﬁ]%%hé%g%ﬁdnsa
( abouwgpedT phOSicalomapir, de@osﬁh@ﬁ iBuded t€ Bpply bomdtbatr Wi bady 14. As
from about 400 anperes (A) to about 900 A, and a
pf as KBOWB iR fevash 1B geaheriyi g dPRasiioarBeiiod @ sayraesmitenialiagd a
abou lo

3t WhEa o Heon®l ARTSRE P SRS 0RO cpift. T he
15 24atbedit armedeppsti¢abobadiBentng Hewpitivo chivober pb&s@e ranges from

depoaptiSri3andaddiont paay bl LA rlabtfnn ik frien s
I N aflodMdLat Afral BRIM a&%@l@(ﬁsﬁd@ﬂp&qﬂc ckRfifeteds ﬁe?nﬁﬂﬁé‘tsccm) to

982.22 C10 (about 1800 F). In alternate enbodi ments,
d0vaebent5p0 scoma mentaiys the thaotber prasduredin mlg; dgbifedaarget Arc currents

Car homeralr R dgaby il RAEA S soBROAEARE D ppoyg bies rom

physikbalt 20305 aBRRABD IV Rapplisd SKRiyt1a. ARRI¥RRNGHUHMSs, a
to body 14. As 5 known in the art, in a cathodic arc

deposathpdin aredenesitiommeibod insludinecdifferentpaaraeters eayrbstused. o
be coated ar dj [ a
Chanay ) o AR BeCPe R4 B ARRRRLY Mg, nos
deposindifation. CJmﬁm.gh tie st Rvéraiog as baed escaibodi tvith rdfé@nce to a
kPa (about | Tort) to about, 13,33 kPa gabout 100 Tort).
Ar gohredrted emh%‘w% werkers ﬁla!l@d mrtherc ol Fecognizethat flangs's may
cubi [

ooy Ate b EnBBnTMIbE: IDGHRE i L, LI oo of te
rangenmﬁm@1currents ranglng fron1about 300 A to about
650 A are established and a negative bias from about
30 Vto about 100 Vis applied to body 14. In alternate
enbodi nents, a



cat hodi ¢ arc deposition nmethod including different
paraneters may be used. The term nol ogy used herein is
for the purpose of description, not 15 limtation.
Al t hough the present invention has been described wth
reference to a preferred enbodi nent, workers skilled
inthe art will recognize tHdt changes may be made in
formand detail w thout departing fromthe spirit and
cope of iﬂt‘]ﬂg‘ {nvention. 11 The invention clained is:
The mxentiomslaiaed Sconpri sing: a fourth generation single
crystal superall oy substrate; and a bondcoat overlying
at least a part of the superalloy substrate, the
lbonddsampomantpemprisimg: about 5 to about 10 wei ght
percept of al um nu about 10 .to about 18 wei ght
per C:éﬁ)(urtgfger&%gtéqnts:n@l%mfjs&lp?rsll%%ﬁftr C\WBf ght  per cent
of chpgMkctifioveldyih®albauh pdrt YRS BlpeRAlos 8Mstiafe, hdbohdvdat O
to about 1 weight percen? of silicon; O to about 1
CopRpne: percent of yttrium about 1.5 to about 2.5
wei g c - e t 2 to about 4
wei g °“g§'§°c"g°% tgiwgigiéérﬁ%gﬁﬁ%g@ba&r?&g%t o about 10 wei ght
per cabaiat DF tot aboiiel Suwtightaleaeht &f cbbalgbout 8 wei ght percent
of tungsten; 0O to, about 1 weight percent of zirconium
aboutbolb? {abeyb] veight pasesh ot EOBAY of a group
consh i ' |l adium iridiumand
conb?ﬁt}a%li{&g%g%%%% ,%E%ﬂgh@émi nder of nickel; and a
t her éred aboat T iweight parent of/glitont ng at | east part of the

bondgoat.. E i'rrglge conpopent of claim1l: wherein the
t her %0 2boyt | WelshbReteqnh 9t YITWE| ected from a group

consiifut N9 t&hbout 2.5 weight percent of molybdenum;

about 2 to about 4 weight percent of rhenium;

about 5 to about 10 weight percent of tantalum;

about 5 to about § weight percent of tungsten;

(0 to about 1 weight percent of zirconium;

about 10 to about 40 weight percent of a group consisting of platinum, palladium,
iridium and combinations thereof; and

a remainder of nickel; and

a thermal barrier layer overlying at least part of the bondcoat.

2. The component of claim 1:
wherein the thermal barrier coating is selected from a group consisting of:
zirconia stabilized with yttria, zirconia stabilized with gadolima, zirconia

stabilized with ceria, zirconia stabilized with scandia, and combinations thereof.

3. The component of claim 1, wherein the superalloy substrate is a turbine blade or

yane.

4, The component of claim 1, wherein a thickness of the bondcoat is in a range of



zirconia stabilized with yttria, zirconia stabilized

Wi th gadolinia, zirconia stabilized with ceria,
zirconia stabilized with scandia, and conbi nati ons
thereof. 3. The conponent of claim1l, wherein the
superal | oy substrate is a turbine blade or vane. 4.
The conponent of claim 1, wHérein a thickness of the
bondcoat is in a range of 12 about 0.0127 mnllineters
to about 0.254 mlljmeters. 5. The conponent of claim

0. 25 2.
abput (442 eminikimetersdn ooy 0- 286 milliseteressential |y of 1 about

7.5 wei ght percent of alum num about 14 wei ght percent
of cobalt; about 6 weight percent of chrom um about

50. 5 Vs ghipopentod olaimfl, Whéreinulig bondbeat tor3ists esedngilly of:

6.

percent of silicon; bout 0.5 wei ght percent of
yttr&%%5mp%"?}“ AYANOYR: cent of ol ybdenum

aboufpodt B WeighiferR@t 6600batel 1 henium about 7.5 wei ght
percent of tantalunm about 6.5 weight percent of

t ungshogh¢ weighbprrcéht 6f eleombwm;per cent of zi rconi um about

10 tq abput 25 weight .percent of at |east one of:

pl at&r?ﬂﬁ?ga”ﬂ%%%?fﬁ?ﬂ%ﬁﬁ?%}“&h or conbi nations thereof;
and ab%b@@l.b'u?e%}ﬁ bRer@RPWlicdht. 5 wei ght percent of nickel.
6. A nethod o Pormz)? a thermal barrier coating system

on aaboup@p aveighy pergertof at@um; t he met hod conpri sing:
depo"%o"‘tﬂgé‘%ﬁ&?@%ﬁg‘ﬁ%@@g&’{a%‘wper all oy substrate, the

bondcoa 0 about 10 wei ght

per csbovlt DD vadightbarsent ofileriund0 to about 18 wei ght
percent of cobalt; about 4 to about 8 wei ght percent
of cHoghi-ameighhpersendipbtantaluniei ght percent of haf ni um

about 6.5 weight percent of tungsten;

about 0.5 weight percent of zirconium;

about 10 to about 25 weight percent of at least one of:
platinum, palladium, iridium, or combinations thereof; and

about 26.5 to about 41.5 weight percent of nickel.

A method of forming a thermal barrier coating system on a superalloy substrate,

the method comprising:

depositing a bondcoat on the superalloy substrate, the bondcoat comprising:
about 5 to about 10 weight percent of aluminum;

about 10 to about 18 weight percent of cobalt;

about 4 to about 8 weight percent of chromium;

0 to about 1 weight percent of hafnium;

0 to about 1 weight percent of silicon;

0 to about 1 weight percent of yttrium;

about 1.5 to about 2.5 weight percent of molybdenum;

about 2 to about 4 weight percent of rhenium;

about 5 to about 10 weight percent of tantalum;

about 5 to about 8 weight percent of tungsten;



O to about 1 weight percent of silicon; O to about 1
wei ght percent of yttrium about 1.5 to about 2.5

wei ght percent of nolybdenum about 2 to about 4

wei ght percent of rhenium about 5 to about 10 wei ght
percent of tantalum about 5 to about 8 wei ght percent
of tungsten; 13 0 to about 13 wei ght percent of
zirconium about 10 to about 40 wei ght percent of a
grou& consi sting of platinum palladium iridiumand
conb testtioshk weight pespent afgircaniugyai nder of ni ckel ; and
deposi { | _ . . ¢ ’
par ot [Pio ALl g el of AU Boifile & plaghilE, pladiom,
irokapm and emnhisativgs theeeofleadnal spray techni que, the

thermal sprayjng .technique being a vacuum pl asma
spr ai‘/{q’i‘}j‘“{)dr@&#ﬁ‘glﬁé aE’grrpri sing: a deposition chamber
Pr esgdpositihfa therBRarRdr cafRiglovddat st ﬁ%ﬁ@ﬁ&ld&:&t?&b?&&in

40 kil opasScals; a plasma torch current 1n a range o
thelbondcog0is depnsiedusingtha Branalsptrydeqhoiqus,; thathdrmal sptayinga
tt@$0h yolta e in]ﬁ.ran e ofta out 50 vol.ts to about 85
UL N8 A UNE P B ST & B U GAUPRT S & he t her mal

bar r 4 8épositioh cRdnbey Pfﬁe@hﬁ?@ {2Prah O8N BoutdBBMkioPAEIS td Abut 40

of: zirconia stabilized with yttria, zirconia
kidepapdals, zed with gadolinia, zirconia stabilized with

ceri ' ' ilized W dia,.and .
o TRaPE RSOk Ao Aol RO TR B 00 s o
t he Ppplasihoirch olAgpnsd fatgk cabbiteS0swfie todboaly8s edllkst r at e

in a thickness of about 0.0127 mllinmeters to about
0.254 millinmeters. 9. The nethod of claim6, wherein

t he nr - wej ght
7o clcEpt G50 of QUL D ARfrety Ba bbb ollihe RROEREN 0
goopponsistiag ofibout 10 to 25 wei ght percent of at | east
one of at |east one of, platinum.palladium. . irjdium
or comspistabaed W‘g‘ryét&lﬂf, Zifio SPBUVSo B SO g Ghcont &
stAGH i G0t Wil E RN ir@hiat4bIBled with scandia, and combinations thereof,

o

8. The method of claim 6, wherein the bondcoat is deposited on the superalloy

substrate in a thickness of about 0.0127 millimeters to about 0.254 millimeters.

9. The method of claim 6, wherein the bondcoat comprises:

about 51.5 weight percent of nickel.

10.  The method of claim 6, wherein the bondcoat comprises:
about 10 to 25 weight percent of at least one of at least one of platinum, palladium,

iridium, or combinations thereof; and about 26.5 to about 41.5 weight percent of nickel.

11. A method of forming a thermal barrier coating system on a superalloy substrate,
the method comprising:
depositing a bondcoat on the superalloy substrate, the bondcoat comprising:

about 5 to about 10 weight percent of aluminum;



11. A nmethod of formng a thermal barrier coating
systemon a superall oy substrate, the nethod

conpri sing: depositing a bondcoat on the superall oy
substrate, the bondcoat conprising: about 5 to about
10 wei ght percent of alum num 14 about 10 to about 18
wei ght percent of cobalt; dBout 4 to about 8 weight
percent of chromium O to about 1 weight percent of

haf ni.u to abqut .1 wei ght percgent of silicon; O to
abou?b"%l%&o f’“‘p@%@éﬁtp&f&?‘tqfr%f’ » about 1.5 to about

2.5 yRuthio ﬂ%ﬁ@@%igﬁfpé}@nygfj&ﬁ‘&ﬁium;abom 2 to about 4
wei ght percent of rhenium about 5 to about 10 wei ght

per c@# aboit 1 waight pargent ablmafviud; t o about 8 wei ght per cent
of t ten; 0.10 about .1 weight percent of zirconium
abou@lpo%gmflgl gﬁ@ﬁﬁpeﬁ)el\agfsdﬁ?mpercent of a group
consg & abdgt Diveighepdréenivf patunadi um i ridi um and

conbi nati ons thereof; and a remainder of nickel; and

depoghont hg teahowe? Fereighdpeicent o srplybdgnwvier at |east a
t ab%fut ﬁ H)eal}%ﬁ{w %%ht géwe%][ &t rlﬂeni{lﬁlle bondcoat is
ng a physi ca

par

deposited usi vapor deposition techni que,
t he ghoush amdbouabweighigasnt ofaantalasiini que being a

cat hodi c_arc deposjtion techni que conprising: a
depodIout y P %‘I‘P&Hgé’relgb?%@%‘iﬁ'féf'i“ﬁg%‘mﬁ ange of about 0.133

ki | opgsahsl %Egglﬂ%&%“ d8ziddnikld: OPAscal s; an arc current

in a range of 00 anperes to about 650 anperes;

and abometfato abeutHlageigin mreeningfe gréupatoosistigofipbtineny, palladium,
.about 100 volts li.ed.to the superalloy substrate.

UM {GC Qlﬂgﬁ)nﬁﬁ{%&o&iﬁdll, wherein the thermal barrier

coat j Rendifles 6f MEkLhndr oM @ group consisting of:
zirconia stabilized with yttria, zirconia stabilized
wi t hdepasiting athermali bapdayicgating over at least a part of the bondcoat, wherein
the bondcoat is deposited using a physical vapor deposition technique, the physical vapor
deposition technique being a cathodic arc deposition technique comprising:
a deposition chamber pressure in a range of about 0.133 kilopascals to about
13.33 kilopascals;
an arc current in a range of about 300 amperes to about 650 amperes; and

a negative bias in a range of about 30 volts to about 100 volts applied to the

superalloy substrate.

12.  The method of claim 11, wherein the thermal barrier coating is selected from a
group consisting of’
zirconia stabilized with yttria, zirconia stabilized with gadolinia, zirconia

stabilized with ceria, zirconia stabilized with scandia, and combinations thereof.

13.  The method of claim 11, wherein the bondcoat is deposited on the superalloy

substrate in a thickness of about 0.0127 millimeters to about (0,254 millimeters.

14.  The method of claim 11, wherein the bondcoat comprises:



stabilized with ceria, zirconia stabilized with

scandi a, and conbi nations thereof. 13. The nethod of
claim 11, wherein the bondcoat is deposited on the
superal l oy substrate in a thickness of about 0.0127
mllimeters to about 0.254 mllinmeters. 14. The met hod
of claim 11, wherein the borddcoat conprises: 15 about
51 5 vvei ght percent of ni ckel 15. The method of claim

bondcoat nprlses about 10 to 25
\NEI g grg@’ﬁtg BPerﬁ"E“tPg one of at |east one of

pl ati num palladium iri d| um or conbi nations thereof,
and about 26.5 to about 41.5 wei ght percent of nickel.
13.6. Phewethoheflaioo by wisieingthe hofidsoattdompeinest at i on si ngl e

a1 Rt seiEgRarab B B o Cu ST e ffom p il
1rbl<ilﬁﬂ CR RbmbHARS! thérBeF; artPaolit 6.5 & ABGUS1 SRR Igé%em of nickel.

percent of aluminuny about 10 to about 18 wei ght
percent of cobalt; about 4 to about 8 wei ght percent

@)f cgcgﬁbgﬂgmcgrﬁél%]rg)out 1 weight percent of hafnium 0

cent of silicon; 0O to about |
WEI gi‘lfouﬂﬁrgemﬁtldmfsmlglé éﬂyktﬂllsupﬁﬁllﬂiy shbbtrdtq aabout 2. 5
ght percent of nol ybdenu about 2 to about
vve| gﬁb%‘@?*& onerlying FtHeﬁr yagrt g}dba pupsrallgy awuﬂteme@en@erﬁt
&FI; e,.%t of tantalum about 5 to about 8 wei ght percent
tungsten; O to about 1 weight percent of zirconium
abouiboti05 tcoababolit wﬁ@hwm:ir@ht offpbumsiend; of a group

conS|st|F(g ofb latin allﬁdlu iridiumand
conbibvyt | Hipaboyiliapee tePﬁ enf gtepbaltader of nickel: and a
thermtbwvosfs bveagﬁfpé?efﬂ bidrRGmAin; | €ast part of the
bondcoat. 17. The conponent of clai m 16:

( to about 1 welght percent of hafnium;

0 to about 1 weight percent of silicon;

0 to about 1 weight percent of yttrium;

about 1.5 to about 2.5 weight percent of molybdenum;

about 2 to about 4 weight percent of rhenium;

about 5 to about 10 weight percent of tantalum;

about 5 to about 8 weight percent of tungsten;

0 to about 1 weight percent of zirconium;

about 10 to about 40 weight percent of a group consisting of platinum, palladium,
iridium and combinations thereof, and

a remainder of nickel; and

a thermal barrier layer overlying at least part of the bondcoat.

17.  The component of claim 16:
wherein the thermal barrier coating is selected from a group consisting of:
zirconia stabilized with yttria, zirconia stabilized with gadolinia, zirconia

stabilized with ceria, zirconia stabilized with scandia, and combinations thereof.



wherein the thermal barrier coating is selected froma
group consisting of zirconia stabilized with yttria,
zirconia stabilized with gadolinia, zirconia

stabilized with ceria, zirconia stabilized with

scandi a, and conbi nations thereof. 16 18. The
conponent of claim 16, wherdn the superall oy substrate
is a turbine blade or vane. 19. The component of claim
16, wherein a thickness of the bondcoat is in a range
191 Bisorsmponent2f claim L f.righessis thegupgraligy bstee is a turbine blade or
el i meters. 20. A conponent conprising: a fourth
generation single crystal superall oy substrate; and a
protective coating overlying at |east a part of the

uperal |l oy substrate, the _.protective, coating . .
lioﬁp BRSRApongy G efai 16 ‘g&[‘féﬂgaﬂ@"%%‘?ﬁtﬁ%@?@égﬁﬂ igjin a range of

BTN il liRRRE to Aokt @, BRMillid@erd®i ght percent of
cobalt; about 4 to about 8 weight percent of chrom um

O to about 1 weight percent of hafnium O to about 1

i ght _percent of .silicon; O to about 1 weight percent
25 yf‘t"Pﬁ'Bﬂﬁ'e“éB‘Bﬁ?mf?% to about 2.5 weight percent of

ol yh Rt Fenerattibingle ér@stﬁltk‘ﬁgéral‘ﬂoyf\ﬁlbgmte;%ﬂ cent of

rheni um about 5 to about 10 weight percent of
t ant &Pgiectivegnsting sverlyings lgasta post oflthe pperallpy swfstrate, the

;s .abqut 1 wei ght percent of zirconium
p{ggegﬁ?é%tl%g% rﬁst%?gm wei ght percent of at |east one of.

pl at abduns todsbobar) waight gerdbntidf ah@hinGfTbi nati ons t her eof
and a remainder of njickel. 21. The conponent of claim

20, ?QSPPE Heto abewphd weighf psreepte pabalar r | er coating
overéb\bhf‘ﬂh(gzlbtoh?@%igﬂhﬂ@éént 8f cHrd}giuRe; Ot €cti ve coating,

wherein t ermal” barrier coating is selected froma
gr oupteccabost kiveight mfrcent oflmfiniamst abi | i zed with yttria,
zirc ni%st bilized .
to about wc1gi1t percent of silicon;

(0 to about 1 weight percent of yttrium;

about 1.5 to about 2.5 weight percent of molybdenum;

about 2 to about 4 weight percent of rhenium;

about 5 to about 10 weight percent of tantalum;

about 5 to about 8 weight percent of tungsten;

0 to about 1 weight percent of zirconium;

about 10 to about 40 weight percent of at least one of:

platinum, palladium, iridium, or combinations thereof; and

a remainder of nickel.

21.  The component of claim 20, further comprising a thermal barrier coating
overlying at least a part of the protective coating, wherein the thermal barrier coating is
selected from a group consisting of: zirconia stabilized with yttria, zirconia stabilized
with gadolinia, zirconia stabilized with ceria, zirconia stabilized with scandia, and

combinations thereof.



with gadolinia, zirconia stabilized with ceria,
zirconia stabilized with scandia, and conbinations
thereof. 17 22. The conponent of claim 20, wherein the
superal | oy substrate is a turbine blade or vane. 23.
The conponent of claim 20, wherein a thickness of the
protective coating is in a l7ange of about 0.0127
mllimeters to about 0.254 millineters. 24. A nethod of
formng a thermal barrier coating systemon a )
2&upefh 90@3190@%? chatra 20, \tflrf‘éelﬁéhwaereﬂwpﬂbgtrm!s a turbine blade or
V%@positing a bondcoat on the superall oy substrate, the
ondcoat conprising: about 5 to about 10 wei ght
percent of alum num about 10 to about 18 wei ght
ercent of cobal.t: . out 4 to .about wei ght. percent .
285" Chbeatmenontat clgim B0¥hercner R b brote S anags ip 2
rdnBe 80Mdht 3.0V AImPRFGE Bbou? D 28k hiiidters 0 t0 about 1
wei ght percent of yttrium about 1.5 to about 2.5
wei ght percent of nol ybdenum about 2 to about 4

i gh f ' b . b [
240, OBt i MM har ™ sl 3R ol e

thefmdthtiahpisingd to about 1 wei ght percent of zirconium
about 10 to about 40 wei ght percent of a group .
consfeppsifing abonrdcast anths sypsrallay pubsirate; the Bendepatsgmprising:
conbj ' f ¢ i nder of nickel; and
depogé,l{(l)t?l 'lt' %8"”@""PE§ %ﬁgh%%?%ﬁ@(}ﬁ@%@?ﬁ%g over at |east a
par t aboht (e dbowdl Sowelght patrefitcifrobdie bondcoat i s
rayi ng techni que, the

deposited uging_ a thermal s
t her %ﬂ“tgéop‘f%?%ﬁ’etg&?ﬁﬁ?%%f)%?m% vacuum pl asma

o AU 2 o (o Charber
40 @id abpasktwkight percent of silicon;
0 to about 1 weight percent of yttrium;
about 1.5 to about 2.5 weight percent of molybdenum;
about 2 to about 4 weight percent of rhenium;
about 5 to about 10 weight percent of tantalum;
about 5 to about 8 weight percent of tungsten;
0 to about 1 weight percent of zirconium;
about 10 to about 40 weight percent of a group consisting of platinum, palladium,
iridium and combinations thereof; and
a remainder of nickel; and
depositing a thermal barrier coating over at least a part of the bond coat;
wherein the bondcoat is deposited using a thermal spraying technique, the thermal
spraying technique being a vacuum plasma spraying technique comprising:
a deposition chamber pressure in a range of about 13.33 kilopascals to about 40
kilopascals;
a plasma torch current in a range of about 400 amperes to about 900 amperes; and

a plasma torch voltage in a range of about 50 volts to about 85 volts.



a plasma torch current in a range of about 400 anperes
to about 900 anperes; and a plasma torch voltage in a
range of about 50 volts to about 85 volts. 18 25. A
met hod of forming a thermal barrier coating systemon a
superal | oy substrate, the nethod conpri sing:

depositing a bondcoat on thel8superall oy substrate, the
bondcoat conpr|S|ng about 5 to about 10 wei ght

erc m num _ abo t 10 to,about 18 weig

Ser oot t@? @Jfofgﬁmpg A AL baaTier GRS agwcaerﬁﬁ%wtrate
t}gfm&m(pgyﬂglﬁﬂsm g to about 1 weight percent of hafnium 0
to about wei ght percent of silicon; 0 to about 1

we i gﬂnpog@ng e hnndrbawrt th superallop substrats, the badvoet @nprising:

wei gﬁf gg t é“’Fﬁ wdenyg?b%]ﬂ@%gg{ ozatbgu?bggt V\gl ght

per ceitut 0 td hEd IeighgReaieht 6f dopalgbout 8 wei ght percent
of tungsten; O to agout 1 wei ght percent of zirconium

abou@boll©4t(batwl§b&b”e@bt petghefl geewdim of a group
consb§t lﬂ)%t? %lg?t%ér?é’lnt aHuI adium iridiumand

conbi na 1°0hs ¢ a "Memai nder of ni ckel ; and

depod itd dbogt avde@tﬁaberbafglhwn coating over at | east a
part of the bond coat; wherein the bondcoat is
depofie @tﬁl’%%i‘ﬁ?@hhp%'ﬁ%io Ariwmpor deposition techni que,

the £153) aﬁ(d;g]gggi\tg«ﬁ@%%ekeﬁ%fﬁm el being a

cat hodic arc techni que’ conprising: a
deposbdut dito dvand ercight pasaent ef theniany; ange of about 0. 133

kil opascal s .to out . 13.33 kil opascals; an are current
in aﬁfoé‘ﬁgéo oty Uf’lgéb??r%ﬁ?b%ﬁ >about 650 anper es;

and gfeYH éﬁb%t 9‘\»%%& Per8erft 8N'@RgRén; about 30 volts to
about 100 volts appli to the sUperal | oy substrate.
0 to about 1 weight percent of zirconium;
about 10 to about 40 weight percent of a group consisting of platinum, palladium,
iridium and combinations thereof, and
a remainder of nickel; and
depositing a thermal barrier coating over at least a part of the bond coat;
wherein the bondcoat is deposited using a physical vapor deposition technique,
the physical vapor deposition technique being a cathodic arc deposition technique
comprising:
a deposition chamber pressure in a range of about 0.133 kilopascals to about
13.33 kilopascals;
an arc current in a range of about 300 amperes to about 650 amperes; and
anegative bias in a range of about 30 volts to about 100 volts applied to the

superalloy substrate.



