PLATI NUM MODI FI ED Ni CoCr Al Y BONDCOAT FOR THERMAL BARRI ER COATI NG BACKGROUND
OF THE I NVENTION (1) Field of the Invention [0001] The present invention
relates to a platinumnodified N CoCrAlY bondcoat for a thernmal barrier
coating and a nethod for formng sane. (2) Prior Art [0002] Turbine engine
conponents are subjected to elevated tenperatures as a result of their
exposure to high tenperature gas. Such exposure can lead to the creation of
unwant ed EBABTEEM MODINEER AMOeEyR1SY EMNNOCATe DRt FEEEMANOBRRRSER borRirnet S
and/or ceram c topcoats are applied to the surfaces of the turbine engine
conponents. [0003] Despite the existence of such coatings, there is still a

need for coatings which progrdecibengooporgnt sy oypr oved oxi dati on
resi stance. SUMVARY OF THE | NVENTI ON [ 0004] Accordingly, the present

i nvent i onfli's FdeldcPéd the éﬁveﬂﬁﬁpéved coating systemfor a turbine engine
conponenty o 1 'ﬁ%é“ﬁ?éééﬂt AENG @%1akggogkfor 8995&3“&8&¥%#£&the

pr esent |nvent|on els prOVI ornlng a coating on a
substrat@1CBﬁeAlHebbodcbamadby eonherma@ hdmer sdrepoofigy evidiangeahsdbstr at e,
depositlgﬁ$afl égr of platinumonto a surface of the substrate, depositing
a Ni CoCr &y&rP8nf8™Fhe plati num | ayer, and heat treating the substrate
with the deposited layers to forma

(2) Prior Art

[0002] Turbine engine components are subjected to elevated
temperatures as a result of their exposure to high temperature
gas. Such exposure can lead to the creation of unwanted defects
in the components. To protect the components, bondccoats and/or
ceramic topcoats are applied to the surfaces of the turbine
engine components.

[0003] Despite the existence of such coatings, there is still a
need for coatings which provide the components with improved

oxldation resistance.

_ SUMMARY OF THE INVENTION

[0004] Accordingly, the present invention is directed to an
improved coating system for a turbine engine component and
metheds for forming same.

[0005] In accordance with the present invention, there is
provided a method for forming a coating on a substrate. The
method broadly comprises the steps of providing a substrate,
depositing a layer of platinum onto a surface of the substrate,
depositing a NiCoCrAlY layer onto the platinum layér, and heat
treating the substrate with the deposited layers to form a
platinum modified NiCoCrAlY bondcoat.

[0006] In accordance with the present invention, there is

provided an alternative method for forming a coating on a
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pl ati num nodi fi ed Ni CoCr Al Y bondcoat: [0006] In accordance. with the present .
invention, there is provided an alternative nmethod for formng a coating on
a 1 substrate. The nmethod broadly conprises the steps of providing a
substrate, depositing a NNCoCrAlY | ayer onto a surface of the substrate,

- depositing a layer of platinumover the NiCoCrAlY |ayer, and heat treating
the substrate with the deposited | ayers to forma pl ati num nodi fi ed

N Coor Al X hondooal . o 00QTLLLA RSSO INSEELILA NS PSS Jventlian, ot bere
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bondcoat applied to a surface of the substrate. [0008] O her details of the
pl ati num® H%&Itfrlaé& NFEBEFAFYRBoAdE YRR ‘F%rp]aaqlﬁmréﬁveﬁartthieeﬁ“&?&ﬂfﬁﬁé of the

present iRYRRALI aRd ﬁ@a\eeklreaﬁn?t@ﬁé obh ect s ang Adva ages atkandaflrs

thereto, are set forth in the | owi ng description and the acconpanyi ng
dr awi ngs tehéeaimn al plketi-sher endef hede¥ HleCrfeli dtonddaatel enents. BRI EF

DESCRI PTI T, DRA | G, IS asche tIC 1ep resentation of a
first coégar?gf sggtem %A\A&%cc%rgance%w ﬁ%ts at %relg (/enl?l%en *and [ 0010]
FIG 2 ipravidedmat tarbepeeseginti @mpén@’usmmlqomdmmlsiy@t amin
accordance with th%?Fre egrgl nvent i on DET@@JSLED DESCRI PTI ON OF . THE PREFERRED

EMBODI MERTLES =260 BudsRHCkehgiws ePgtaldm 675 & BiLREEPEE to an
modified NiCoCrAlY bondcoat applied to a surface of the

substrate.

[0008] Other details of the platinum modified NiCoCrAlY bondcoat
for a thermal barrier coating of the present invention, as well
as other objects and advantages attendant thereto, are set forth
in the following description and the accompanying drawings

wherein like reference numerals depict like elements.

BRIEF DESCRIPTICN CF THE DRAWINGS
[0009] FIG. 1 is a schematic representation of a first coating
system in accordance with the present invention; and
[0010] FIG. 2 is a schematic representation of a second coating

system in accordance with the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S)
[0011] As discussed, the present invention is directed to an
improved coating system'that can be applied to turbine engine
components, such as vanes, blades, and seals, that are exposed
to high temperature gases. The coating system includes a thin
bondcoat that offers oxidation protection to the nickel based
superalloy forming the turbine engine component. The bondcoat‘is
a platinum modified NiCoCrAlY coéting. The addition of the

_ platinﬂm to the bondcoat improves the adherence of the aluminum



i nproved coating systemthat can be .applied to turbine engine conponents,
such as vanes, blades, and seals, that are exposed to high tenperature
gases. The coating systemincludes a thin bondcoat that offers oxidation
protection to the nickel based superalloy form ng the turbine engine
conponent. The bondcoat is a platinumnodified NiCoCrAlY coating. The
addition of the platinumto the bondcoat inproves the adherence of the

al um num 2 ;o6 de scal h r [ u t i ne .engi ne
conponent.1[0012f'FIE?a% ?%F&%tggfgg&agg?rgf g%%d@%%%iﬁ%;éh%ﬁwn ng a coating
system i recapogreddnce with the present invention. As shown therein, a nickel

based al | bs te 10 has a surface 12. A layer 14 of platinumis,
deposi t eo[%é)&? tITEéé’sujr fJa]cJ;us_L?fatepsr &t éc'r%iﬁlzcy SESRGCEN fQFegPFﬁbPﬁt fngPating

t echni quesysfeein pur pesesdahcel i Uat tRE| R 08hY, i pvdisefdd . eleayppl ating bath
may contain platinumquantities in the range of 17 to 26 grans/liter. The

current déWsiedR maynighge Prerr2elley seulnpearerl & du ¢ fogfaceTRd -t Are for
el ectroplaljchd 1 e peadehenm 0edePystpeqr gl etk Il aiiess, The
o 20 egrees - F.°'T

f

el ectropl ating bath Penperature'ca go up he | ayer of

el ect r oplrateg@ rpbadtyi narmgagnhalechropha tkmng stsechm e r dhge pofrcfoses afiout 0. 01
to 1.0 m.l,.., Thes

of i 11 USTHPTGR CAS oPRAY  pFatPRORY of CETTOm L1 1§ parddids €okn Be o ¢

enpl oyed.p1Hienphatiuaumi kager ial spe Cainde SEPUBI ted dyyrdnChnitaues Tather than

el ectropl ati ng, such as including, but not

~ current density may rangé from 20 to 30 amps per sgquare foot.

The time for electroplating wiil be determined by the required
thickness. The electroplating bath temperature can go up to 200
degrees F. The layer of electroplated platinum may have a
thickness in the range of from about 0.0l to 1.0 mil. These
electroplating parameters are offered merely for purpcses of
illustration as other platinum electroplating parameters can be
employed.” The platinum layer also can be deposited by
techniques other than electroplating, such as including, but not
limited to sputtering, and other deposition techniques.
[0013] Thereafter, a layer 16 of NiCoCrAlY material is deposited
onto the platinum layer. Preferably, the NiCoCrAlY material is
deposited using a cathodic arc deposition process. Techniques
for applyving the coatings of the present invention by cathodic
arc plasma vapor deposition are discussed in U.S. Patent Nos.
5,972,185; 5,932,078; 6,036,828; 5,792,267; and 6,224,726, all
of which are incorporated by reference herein. Alternate methods
of‘deposition including, but not limited to, other plasma vapor
depcsition techniques such as magnetron sputtering and electron
beam plasma vapor deposition may be used. When thickness
concerns are not present, various thermal spray techniques such

as low pressure plasma spray and HVOF {high velocity oxy-fuel})

techniques may be utilized. The NiCoCrAlY material which is
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limited to sputtering, and other deposition techniques. [0013] Thereafter, a
| ayer 16 of NiCoCrAlY material is deposited onto the platinumlayer.
Preferably, the NiCoCrAlY material is deposited using a cathodic arc
deposition process. Techniques for applying the coatings of the present
invention by cathodic arc plasma vapor deposition are discussed in U S.
Patent Nos. 5,972,185; 5,932,078; 6,036,828; 5,792,267, and 6,224,726, all

of uhi ch QI NGAr BALALAGEDY LBRRENEEORCLEL D, L A4S ARLE JIBNOGS o 9o o
eposition’including,” but not Trmted to, other plasnma vapor ~ deposition
t echni ques-Ssugirede mdyetfrom spotutedi. Agtantls eketf radnrodmoamn pf msmebeapor

deposi ti used. Wen thickness concerns are not,  present, various
t her mal ?&r@‘} %@hﬁ&%megrgggﬁagég E6Wnp?lé§§5r%'@lﬁ%r%$s"ﬁ%g'y ]ﬁ\’/C]%rI(DH‘i gh
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is 3 deposited may have a conposition congglsi ng fromabout 4.0 to 25 w%
pr ef er abl3L WigWrabdgomg apobs 981wk, lehr BhT urgr¥omaboutromn apaud £8 1wt %

pr ef er ablyy, f kou 0 % abty fLoHm ) %

pref er abltg/6 f({'(@)%m@bdu?té.rgu%né %é \SA%\A%}(’)/?Qpa% U(?ri“rrl%rﬁ I%lra%fr)négaab%t}tﬁ f&%{r}t‘ig .{6 W %
pr ef er abl0y. (fOlomcalodt w3l hbdn@us, wipy tyt dbowm 2 Up Witk alpmef rad Iyt From
preferably fro u .001,to 0,4, Ww% pafni up, to abaut 2.0 wt %
preferabl%’qurtoﬁ'%ggo%f’ g:go‘ftt’“o 5 71GP%% WIFC%??,M? E%‘rﬂoa%ﬁ]tlb 010 12 wt %
pr ef er ablpr fHea@aloyt-od. Bpbatl8. vt ¥o. 102kt 8 umAndfdam abotbn ko 1.2 cwt %

preferably fromabout 1.0 to 9.0 wt%tungsten, from1.0 to 10 w%
pref er ablly¢ fdm BE6EETRPOYt §T3m02RP Y4 r hethi EPn % Up Wb tungsten, from 1.0

to 10 wtd, preferably from about 1.0 to 5.0 wt% rhenium, up to
2.0 wt%, preferably from 0.001 to 1.0 wt%, zirconium, up to 4.0
wt%, preferably from about 0.001 to 2.0 wt%, niobium, up to
about 4.0 wt%, preferably from about 0.001 to 2.0 wt%, titanium,
from about 0.2 to 6.0 wt%, preferably from about 0.2 to 4.0 wt%,
molybdenum, and the balance nickel. The cecating may also
comprise up to 2.0 wt% of other elements as impurities. The
yttrium in the coating improves the adherence of the aluminum
.oxide scale'layer 18 which is formed during use. Sulfur would
usually migrate to the aluminum oxide scale layer 18; however,
the presence of yttrium prevents this from occurring.
[0014] Following deposition of the NiCoCrAlY material, the
substrate 10 with the deposited layers 14 and 16 is subjected to
a diffusion heat treatment. The diffusion heat treatment is
carried out at a temperature in the range of from about 1200 to
about 2100 degrees Fahrenheit for a time period in the range of
from about 2.0 to 15 hours. The diffusion treatment is
preferably carried out in an inert gas atmosphere such as an
argon atmosphere. The fully heat treated platinum modified
NiCoCrAlY bondcoat may have a platinum content in the range of
from 5.0 to 70 wt%, preferably from 10 to 60 wt%, and a

thickness in the range of from about 1.0 to 5.0 mils. The
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 subj ect ed 3"F"E

2.0 w% .preferably from0.001 to 1.0 W% zirconium up to 4.0 w%
preferably fromabout 0.001 to 2.0 wt% niobium up to about 4.0 W%
preferably fromabout 0.001 to 2.0 wt% titanium fromabout 0.2 to 6.0
W% preferably fromabout 0.2 to 4.0 ww% nol ybdenum and the bal ance
ni ckel . The coating may also conprise up to 2.0 wt% of other elenents as
inpurities. The yttriumin the coating inproves the adherence of the

al um num i i.ch_is. f d during. use. Sul fur would
usual |y rﬁog%aa(%gatfgﬁlpﬁeé%ﬁymf#%%\gg% gghgga ePE%y%lrmi%fgl%%‘%ever, t he presence
of yttri umtpreemestehi & wiorpiagecui cirngt ru¢OOd«d]| wHoh | pvdivgs deiposdi tion of the
Ni CoCr Al'Y rrat.eri%, trél)e %ubébrat,e 10 vm't{] t he deposited |layers 14 and 16 is
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carried qid11aididnd, empRALE, € irAdi R, r aRgenPitiF oM @hoM 4200 to about 2100
degrees Fahrenheit for a tine period in the range of fromabout 2.0 to 15

hours. THEFK uSien thederttcats 1prieimeshl ¢ carrmeg sapcpatallimey tbgas
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range of from.about 1.0 to 5.0 mls._The 4 bondcoat typically fornms a dense
oo O Az PhrarbaanBeBu b prach Th G ot AR A TR gs ol as
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rhodium iridium and m xtures thereof.

5.0 to 60 mol% gadolinia stabilized zirconia, and zirconia
stébilized with various lanthanide sesquioxides and mixtures
thereof described in U.S. Patent No. 6,730,422, which is |
incorporated by reference herein. The ceramic topcoat layer 20
may have a thickness in the range of from azbout 1.0 to 50 mils,
preferably from about 3.0 to 15 mils.
[0016] The ceramic topcoat 20 may be applied using any suitable
electron beam-physical vapor deposition (EB-PVD) technigue known
in the art. A preferred deposition technique is electron beam
physical vapor deposition {EB-PVD). Ceramic coatings are-
préferably applied to bondccated substrates at substrate
temperature ranging from about 1700 to 2200 degrees Fahrenheit,
and chamber pressures from about 0.1 to 1.0 millitorr.
Deposition time ranges from 20 to 120 minutes using feedstock
federates of from about 0.2 to 1.5 inches per hour. Other
suitable deposition techniques include thermal spraying,
chemical vapor deposition, and other physical vapor deposition
techniques including, but not limited to, cathodic arc

deposition, sputtering, and thermal evaporation. Either an inert
or reactive atmosphere can optionally be used in all of these

deposition technigques, as known to be appropriate to one skilled

in the art.



[ 0015] Once the bondcoat is formed, a ceram ¢ topcoat” 20 rmay be applied
using any suitable ceram c conposition known in the art. A preferred
conposition for the ceramc topcoat 20 is yttria stabilized zirconia such
as 7.0 % yttria stabilized zirconia. Oher favored conpositions include
zirconi a based pyrochlores, 5.0 to 60 nol % gadolinia stabilized zirconia,
and zirconia stabilized with various |anthani de sesqui oxi des and m xt ures

t her eof kgl D i 6.7 422 ich is.__Ilncorporated by
refer encg%,t?g'r? i ﬁ&#ﬂg%oéua%q%%gg%&r Idaeg)grS lgbbnmrrgye/cﬁré\l/ Ja@0t hﬁ:)% ness 1N the
range of topomaabdayet. 00t bs56hatrdsterpred asald wdinnmaaboutaided to 15 ml s.

0016] The ceram c_topcoat, 20, ma e applied using a suitahle electron
[beam]phyg'il(%losgﬁﬁﬂ:uﬁgp%f’?i5}11:@( -ngt%@ﬁﬂsql?@gﬁ? NS ReLRE art. A

preferredrdepsit kQPst8EDNAUYE HErSLEEE &0 baaM: RS Gal-cvapor Tdeposi tion
(EB-PVD). Ceram c coatings are preferably applied to bondcoated substrates

at subst CRLEMNAENGERARET €T r GRLEMES f 20FE R oWt WEZDY 1t $r2R0GheegradsorhhPENhei t
anges T ram20" 81300 B noFERt UEHE: P oci ‘Peder St 40 SF RoDRTABout 0.2
to 1.5 i domesdpen hbarbofiibeat safdmdl @ dapasid idepdsdeinnquEs thacl ude
t hermal sprayi.ng chepj cal vapor,  deposition, and other physical vapor
deposi t i Sﬁra%éghpllaéﬁﬁgs% nc{[ﬁd‘? ,tJo?fF' NPT HePeF 1tg Onc AERBEEAUgPc that
deposi ti @ri13pdt hehhBOto aldctdes et nevanoratd o EalRer spBchiBarbn ke
reactive atnosphere can optionally be used in all of these
substrate surface, such as substrate bias or high-energy ion
impingement, result in dense equiaxed ceramic coatings.
Alternatively, thermally sprayed ccatings that form by
depositing liquid droplets on the substrate have a porous
microstructure consisting of randomly piled frozen splats of
liquid. These splats are typically microcracked and typically
trap pores between them, resulting in a strain-tolerant
'microstructuré.
[0018] Referring now to FIG. 2, there 1ls shown an alternative
sequence for fdrming a coating system 1in accordance with the
present invention. In this method} the bondcoat is formed by
depositing the NLCoCrAlY layer 16 onto the surface 12 of the
substrate and then depositing the platinum layer 14 over the
NiCoCxAlY layer 16. The NiCoCrAlY layer may have the same
composition as described above and may be deposited using the
technique described above. The platinum layer 14 may have the
same compositional range as described above and may be erosited
using the electroplating technigue described above. The
diffusion heat treatment step is performed after the platinum |
depositing step using the same parameters as described above.
The preférred bondcoat thickness is the same as that discussed

in the prior method. The ceramic topcoat layér 20 may be.

deposited as discussed above.



deposi tion techni.ques, as known to.be appropri.ate to one skilled in the
art. 5 [0017] Wen produced by vapor deposition techniques, the ceramc _
topcoat |ayer 20 is characterized by a columar grained mcrostructure with
the col ummar grains or colums being oriented substantially perpendicul ar
to the surface 12. The columar grains or colums extend outwardly fromthe
bondcoat or froman al um num oxide scale layer, 18 that is intentionally
formed onobig) bandengte elara or sAuLiag, depasi fion Ofo LhEeoSFf Afifdaver 20
I n addi tion, vapor deposition techniques that wutilize means to increase the
nmobi | i t yhefrevaporispécgesabart tiean sUb3l rate swif ayelisucokidstsobsinate bi as
or high-ener ion _jnpingenent, result in de ui,axed ceram c_coati ngs.
Al ternat PUBIYE Fher Al FSTEpr ayBPE ol i SIS ¥hat. POTM By ST 5oL IF RBIFT Ui d
droplets on the substrate have a porous mcrostructure consisting of
randomy piled frozen splats of I|iquid. These splats are typically

m crocracked and typically trap pores between them resulting in a
strain-tolerant mcrostructure. [0018] Referring nowto FIG 2, there is
shown an alternative sequence for formng a coating systemin accordance
with the present invention. In this nmethod, the bondcoat is formed by
depositing the NiCoCrAlY | ayer 16 onto the surface 12 of the substrate and
t hen depositing the platinumlayer 14 over the N CoCrAlY layer 1.6. The

Ni CoCr AlY-| ayer may have the sane



conposition as described above and may be deposited using the technique
descri bed above. The platinumlayer 14 may have the sane conpositi onal
range as described above and may be deposited using the el ectroplating
techni que descri bed above. The diffusion heat treatnent step is perforned
after the platinum depositing step using the sane paraneters as descri bed
above. The preferred bondcoat thickness is the sane as that discussed in

t he prioyHg@t@gdCLgFﬁEge amc topcoat |ayer 20 may be deposited as
di scussed above 0019{ Speci nens coated in accordance with the present

i nvention have survived greater than 1000 hours of cyclic OX|dat|on in a

bur ner rlg tures in excess of 2000 degre Fahr enhei t . T IS
G AVED 18 Bt R Rl FErh o o o G SIS Weaber CATBTCOHBAI Shhg t he

st eps ofstppgvbﬁtng a substrate; depositing a layer of platinumonto a
surface of said substrate; depositing a NiCoCrAlY | ayer onto said platinum
| ayer; and heat treating said substrate with said deposited layers to form

a platlnun1nogkgﬁgglﬁ&Cpcg@$ghpgggcoat 2. The nethod according to claiml1,
wherein said Substrate providing step conprises providing a substrate

formed froma nickel based alloy and wherein said platinumlayer depositing
depositing a layer of platinum onto a surface of said

substrate;
depositing a NiCoCrAlY layer onto said platinum layer; and

heat treating said substrate with said deposited lavers to

form a platinum modified NiCoCrAlY bondcoat.

2. The method according to claim 1, wherein said substrate
providing step comprises providing a substrate formed from a
nickel based alloy and wherein said platinum layer depositing
step comprises electroplating said platinum layer on said

substrate surface.

3. The method according to claim 1, wherein said platinum
depositing step comprises depositing a layer of platinum having

a thickness in the range of from about 0.01 to 1.0 mil.

4. The method aécording to claim 1, wherein said platinum in

- said bondcoat is present in an amount from about 5.0 to 70 wt%.

5. The method according to claim 1, wherein said platinum in

said bondcoat is present in an amount from about 10 to 60 wt%.



step conprises electroplating said platinumlayer on said substrate

surface. 3. The nethod according to claim1, wherein said platinum
depositing step conprises depositing a |layer of platinum having a thickness
in the range of fromabout 0.01 to 1.0 m!l. 4. The nethod according to claim
1, wherein said platinumin said bondcoat is present in an anmnount from
about 5.0 to 70.w% 5. The nethod according to claiml wherein said

plati num 1 gk BRRAICRAo i ) GSPIL ik 30 FHBYELA EOMIAROULCIGFO 6O w6

8 6. The nmet hod according to cllaim1, erein sal eposi ting
step conp@%fé%l@épmsﬂtamg:@mniaﬁscd@pmsﬁwat Bagd Nqu@r&liﬁad;da@’dmg arc

depositio ces T t hod acordln to claim1, wherein said
Ni CoCr Al \)E] %K%om Ercngdds C!;Sarizrgrf'g 1°Ses lé’epgsg ts‘la a NiCoCrAlY nmaterial

conpri sing from about 4 0 to 25 wt% chrom um from about 2 0to 28 %
cobalt, fromabout 5.5 to 15 wt % al um nu from about O. to 1.6 W%
yttrium Up ¥ m@é RIS rcumladp to WbBEEiD. @al‘&lvth%%?cﬁ%]% from

about 3. 0349, 2% Mo ans %dﬂpmf re%md%g;%&tlne 2191420 W90 tngst en, from about
1.0 to 10 wt%rhenlum up t about O wt% zircontum up to about 4.0 Wt %

ni obi um @pnRLs g dirom @hm% tdi.t0artioudd frkdnrabontul, 2 ton 6alPowit %3. 0 to
ToLYDdeL B St R 6e el EoTle TELNRRBERRL I Aol n
mat eri al teonpd ivsisng dadmmgbat t4. Abbat18 . ot & g Nk ofh L, fxﬁpnwlmwuﬁ 200

wt% silicon, from about 3.0 to 12 wt$% tantalum, from about 1.0

to 12 wt®% tungsten, from about 1.0 te 10 wt% rhenium, up to

about 2.0 wt% zirconium, up to about 4.0 wt% niobium, up to

about 4.0 wt% titanium, from about 0.2 to 6.0 wt% molybdenum,

and the balance nickel.

8. The method according to claim 1, wherein said NiCoCrAlY
depositing étep comprises depositing a NiCoCrAlY material
comprising from about 4.0 to 18 wt% chromium, from about 2.0 to
24 wt% cobalt, from about 5.5 to 13.5 wt% aluminum, from about
0.1 to 0.8 wt% yttrium, from about 0.001 to 0.4 wt% hafnium,
from about 0.001 to 0.7 wt% silicon, from about 3.0 to 10 wt?
tantalum, from about 1.0 to 9.0 wt%® tungsten, from about 1.0 to
5.0 wt% rhenium, from about 0.001 to 1.0 wt% zirconium, from
~about 0.001 to 2.0 wt% niobium, from about 0.001 to 2.0 wt$
titanium, from about 0.2 to 4.0 wt% molybdenum, and the balance

nickel.

9. The method according to claim 1, wherein said heat treating
step comprises heating said substrate with said deposited layers
at a temperature in the range of from about 1200 to about 2100
‘degrees Fahrenheit for a time period in the range of from about

2.0 te 15 hours to form said bondcoat.
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24 wt % cobalt, fromabout 5.5 to 13.5 wt % al umi num fromabout 0.1 to O. 8
w%yttrium fromabout 0.001 to 0.4 wt% hafnium fromabout 0.001 to 0.7
w%silicon, fromabout 3.0 to 10 w% tantalum fromabout 1.0 to 9.0 W%
tungsten, fromabout 1.0 to 5.0 wt % rhenium fromabout 0.001 to 1.0 wt%
zirconium from about 0.001 to 2.0 W% ni obium fromabout 0.001 to 2.0 Wt %
titanium fromabout 0.2 to 4.0 wt % nol ybdenum and the bal ance nickel. 9.
The net hod according to claim1l, wherein said heat treating step conprises
heating said substrate with said deposited |layers at a tenperature in the
range of 1f0r.ofMhaboethd@08ctordboat t@l@Daimie];}r et thay erdrginti fiog appilgengeri od

in the range of .froma urs to f.orm said ndcoat . 10. The
ot hod AGeOEIRRICL SOREAR TYEF Ut Ha DR MR Sish i O e af EhEoproat

over sai @¢zhgadegarrbavkpgud Lhockpess hmd he range of fromabout 1.0 to 50

mls. 11. The nethod according to claim 10, wherein said ceramc topcoat

appl ying step conprises applying a yttria stabilized zirconia topcoat. 12.

The nethad a%ﬁ@ﬂ@@ﬂo&oaﬁlzékﬁl&% téﬁmgia?i k}cﬁeﬁreqrg %altdo%‘é‘%%ﬁlnéépp' ying
pyroc

step conprises applying a zirconi a base ore topcoat The net hod

accord|ngopcoataappl@;nghetepncsmprhsmﬂeapgiymnpenqﬁiapmlyﬂngliuepdconprises

. o o N ; ;
applylngzﬁr%O%QaGQOgggé% gadolinia stabilized zirconia topcoat.

12. The method according to claim 10, wherein said ceramic
topcoat applying step comprises applying a zirconila based

pyrochlore topcoat.

13. The method according to claim 10, wherein said ceramic
topcoat applying step comprises applying a 5 to 60 mol%

gadolinia stabilized zirconia topceat.

14. The method according to claim 10, further comprising
applying a ceramic topcoat over salid bondcoat having a thickness
in the range of from about 3.0 to 15 mils and wherein said
ceramic topcoat applying step comprises applying said topcoat
using an EB-PVD technique and thereby forming said topcoat with
a columnar grained microstructure wherein columnar grains are
oriented substantially perpendicular to said substrate surface

and extend outwardly from the bondcoat.

15. A method for forming a coating on a substrate comprising the

steps of:

providing a substrate;

10



14. The nethod according to claim.10, further conprising applying a ceramc
topcoat over said bondcoat having a thickness in the range of from about
3.0 to 15 mls and wherein said ceram c topcoat applying step conprises
appl ying said topcoat using an EB-PVD techni que and thereby form ng said

. topcoat with a columar. grained mcrostructure wherein columar grains are
oriented substantially perpendicular to said substrate surface and extend

out v dly {1 otds ihadoantyicbBrafvEADOd L0ko T o7 Snth 2, ARG on A

substrate conprising the steps of ding a substrate; positing a
Ni CoCr Al ¥uksgfaratent o a surface of sald substrate; depositing a |ayer of

pl ati num over said Ni CoCrAlY |layer; and heat treating said substrate with
sai d deposited layers to forma platinumnodified Ni CoCrAl'Y bondcoat. . 16.

The net hod acdepdisigihe el AbRel5orWHEE €Mk abwk S URstd al s odyaaw qla@@rSteP
conprises providing a substrate fornmed froma nickel based alloy and
wher ei n HiH pl ati num | ayer depositing step conprises electroplating said
plati num | ayer on said substrate surface. 17. The nethod according to claim
15, wherein said platinum depositing step conprises depositing a | ayer of

pl ati num havi hgatattrkatkngssaid shestaage with romd.dEpdo tkd laykers to

form a platinum modified NiCoCrAlY bondcoat.

16. The method according to claim 15, wherein said substrate
providing step cpmpriseé providing a substrate formed from a
nickel based alloy and wherein said platinum layer depositing
step comprises electroplating said platinum layer on said

substrate surface.

17. The method according to claim 15, wherein said platinum
depositing step comprises depositing a layer of platinum having

a thickness in the range of from 0.01 to 1.0 mil.

18. The method according to claim 15, wherein said heat treating
step comprises forming said bondcoat so that said platinum in

said bondcoat is present in an amount from about 5.0 to 70 wt%.

-19. The method according to claim 15, wherein said heat treating
step comprises forming saild bondcoat so that said platinum in

said bondcoat is present in an amount from about 10 to 60 wt%.
20. The method according to claim 15, wherein said NiCoCrAlY

depositing step comprises depositing said NiCoCrAlY coating

using an cathodic arc deposition process.

11



18. The method according to claim 15, wheréin said heat treating. step
conprises formng said bondcoat so that said platinumin said bondcoat is
present in an amount fromabout 5.0 to 70 wt% 19. The nethod according to

claim 15, wherein said heat treating step conprises form ng said bondcoat

so that said platinumin said bondcoat is present in an anmount from about
10 to 60 wt % 20 The method according to claim 15, wherein said Ni CoCrAY

deposi ti st ri ses de SI t| ng ai. d CoCrAlLY. coati )
cat hodi cn%lrc ep05| | Odl?l Pro ess 75 al*hilbhe?%%ﬁeja%c%‘?ﬁ%\&# drc}ﬁafm 15,
wher ei n sadpbNGe@ Atép deppsiilsieBydebepieonpyr & SEECHSHOBY thawgewi N CoCr Al Y

material conprising from about 4 0 tg 25 wt% chrom urnr% from about 2.0to
28 Wt % ¢RI 1 Sie @beuE o 01500286 HE BnFREFL Yo EBBAPIE 20 tP. 6 wt %

yttrium 1 $i9 about 2. %Mn%aﬁ&%m' 4T 4B 19 @@ngm%nﬂmw %S 1890t for.am

about 3.0 to 12 wt%tantal um from about 1. fo 12 Wt %t ungst en, fromabout
1.0 to 10-am%ob hard it nipm, o upalboutb2ud Wt%\zt% Clomd nimm upagt d-cakadastutd 20 Owt %

ni obi um up ta..about 4. % titani um out 6.

mol ybdenuhy® “And TR bféfloghm%oﬂﬁ cééﬁ. EEZ. glrrg s %’co%ﬁ%ga}%odl clai’m 15,
wher ei n saj dlz\llhﬁ%atﬁn\jst@ﬁhpoiirbhngbﬁheplCO”’@@| BeSwitepasdiing agNiteoCr AlY
material conprising fromabout 4.0 to 18 wt% chromum from about 2.0 to
24 wt % cott FCoMtdhFdE oI Uiy 8. 50uebeal uti hunt® fethdldbutee 61 to 0.8

W% yEETTdug,f 10 %#%@Uttlf& g%mt,ofgor% ubdehah nh up 6 o Qre 0L, 1o 0.7

wt%5| i con, from about
and the balance nlckel

22. The method according to claim 15, wherein said NiCoCrAlY
depositing step comprises depositing a NiCoCrAlY material
comprising from about 4.0 to 18 wt% chromium, from about 2.0 to
24 wt% cobalt, from about 5.5 to 13.5 wt% aluminum, from about
0.1 to 0.8 wt% yttrium, from about 0.001 to 0.4 wt% hafnium,
from aboﬁt 0.001 to 0.7 wt% silicon, from about 3.0 to 10 wt2
tantalum, from about 1.0 to 9.0 wt$ tungsten, from about 1.0 to
5.0 wt% rhenium, from about 0.001 to 1.0 wt% zirconium, from
about 0.001 to 2.0 wt$ niobium, from about 0.001 to 2.0 wt$
titanium, from about 0.2 to 4.0 wt% molybdenum, and the balance

nickel.

23. The method according to claim 15, wherein said heat treating
step comprises heating said substrate with said deposited layers
at a temperature in the range of from about 1200 to about 2100

degrees Fahrenheit for a time period in the range of from about

2.0 to 15 hours to form said bondcoat.

24, The method accoeording to claim 15, further comprising
applving a ceramic topcoat over said bondcoat having a thickness

in the range of from about 1.0 to 50 mils.
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tantalum fromabout 1.0 to 9.0 wt%tungsten fromabout 1.0'to 5.0 w% -
rheni um from about 0.001 to 1.0 wt % zirconium from about 0.001 to 2.0 wt %
ni obi um from about 0.001 to 2.0 wt% titanium fromabout 0.2 to 4.0 wt %
nol ybdenum and the bal ance nickel. 23. The nmethod according to claim 15,
wherein said heat treating step conprises heating said substrate with said
deposited layers at a tenperature in the range of from about 1200 to about
2100 degrees Fahrenheit for a time period in the range of fromabout 2.0
to 15 hours to form said bondcoat. 24. The nethod according to claim15,

further cogprisd Nt BRP! ¥k & ikEFHAINQ Ligpgeat fQ&f%ﬁe%abg geﬂgfﬂ@t having a .
thickness in the range of fromabout 1.0 to 50 mls. 5. The net hod

accor di ngappl ¢¥ing m 15T i Here asipraveitngaidppppiagas bévamcat‘dpt@memer
sai d bo”df{?aﬁ%é‘aﬁ’ér?% hﬂtrrc&pea%sou toh%or 3808 gts fromabout 3.0 to 15 mls.
ho di ng

26. The ne acco o clal m wheréein 'saird cerami ¢ topcoat applying
step conprises applyi ng a yttria stabl lized zirconia topcoat. 27. The

met hod accgrdl ng to c%cfu m 24, wherein said ceram c  topcoat applying step
conpri ses?&ppt AR s & FyriBcRRor BREBREBaF2198ce TRl Gret hod

accor di ngc 49 sA@I B2y WS SAlcf 16R16AAL61 y1ARCOaY L BPPLYL A, 51 LR £ONPI I SEs
applying a 0 to | % gadolinia stabilized zirConia
21rcon1a topcoat.

27. The method according to claim 24, wherein said ceramic
topcoat applying step comprises applying a zirconia based

pyrochlore topcoat.

28. The method according to claim 24, wherein said ceramic
topcoat applying step comprises applying a 5.0 to 60 mol%

gadolinia stabilized zirconia.

29, The method according to claim 24, wherein said ceramic
topcoat applying step comprises applying said topcoat usihg an
EB-PVD technique and thereby forming said topcoat with a
columnar grained microstructure wherein columnar grains.are
oriented substantially perpendicular to said substrate surface

and extend outwardly from the bondcoat.
30. A turbine engine component cemprising:
a substrate formed from a nickel based superalloy; and

a platinum modified NiCoCrAlY bondcoat applied to a surface

of said substrate.
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29. The met hod according to claim24, whereéin said ‘ceram'c topcoat applying
step conprises applying said topcoat using an EB-PVD techni que and t hereby
form ng said topcoat with a columar grained m crostructure wherein
columar grains are oriented substantially perpendicular to said substrate
surface and extend outwardly fromthe bondcoat. 30. A turbine engine
conponent conprising: a substrate forned fron1a ni ckel based superalloy; and

a platin di fied N CoCrAlY bondcoat ap S to a surface. of said
subst rat FuE r{%r%}%éleeﬁé?[}ﬁ’ém@&}ﬁpéﬁéﬁf‘ aBEoFai AP D ¢V ai ST Ither ei n

sai d bond§ama1 B dindenes s Hikkhe sr angenef r&ﬁ?@ dr0cton>1 O 5.0 32. A
t ur bi ne engi ne conponent according to claim 30 urther conprising a

ceramc t at and a | ayer of al um num oxide scale between said ceramc
topcoat and sai d bondcoat, whereby said bondcoat inproves adherence of said
al um num oxi de scale. 33. A turbine engine conponent according to claim 32,
wherei n 3ai b cerdnine tcopcdoat o@mpphbseSaacytﬂih@ sbabldimesd zifinatier.  34. A
t ur bi ne engi ne conponent aqcordln% to cl wherejn  said ceramc

t opcoat G5 &SNS BRBE aEyPB@hPoF%Ye¥o%@o%}um%ﬁpm/9%%ﬂQM%ﬂ§l€nglne

conponentp AGEAING 4 %e&laﬂl@ 3epcher ghl s82bEREGTAE, LARSAATy GRS I ses a S
to 60 nol % gadolinia stabilized zirconia.
bondcoat improves adherence of sald aluminum oxide scale.

33. A turbine engine component according to claim 32, wherein

said ceramic topcoat comprises a yttria stabilized zirconia.

34. A turbine engine component according to claim 32, wherein
said ceramic topcoat comprises a zirconia based pyrochlore

topcoat.

35. A turbine engine component acceording to claim 32, wherein
said ceramic topcoat comprises a 5 to 60 mol% gadolinia

stabilized zirconia.

36. A turbine engine component according to claim 32, wherein
said ceramic topcoat has a thickness in the range of from 1.0 to
50 mils and a columnar grained microstructure with columnar
grains oriented substantially perpendicular to the surface of
the subétrate and extending outwardly from the bondcoat and

alumina scale.

37. The turbine engine component according to claim 36, wherein

gaid thickness in the range of from 3.0 to 15 mils.
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36. A turbine engine conponent according to ¢laim32, wherein said ceramic
topcoat has a thickness in the range of from1l.0 to 50 mls and a col umar
grained mcrostructure with columar grains oriented substantially

per pendicul ar to the surface of the substrate and extendi ng outwardly from
t he bondcoat and alum na scale. 37. The turbine engi ne conponent according
to claim 36, wherein said thickness in the range of from3.0 to 15 mls. 14
38. The rbi.ne engine conponent according to claim30, wherein . said
bondcoat “Has TAot RPERT P nene BuaroTHe o Sorusctiad "Crocpagan noer BBEFEER ur e

W th graiksaigi Besdtean Rabd i otBledr dindfsicihl Theerdohbhretedgitne-ppapenent
according.to claim30, wherein  said bondcoat contains fromabout 5.0 to 70
Wt % pl at PAGRPSEBUCTRESt it Bl ner 2ty 2 SonFsiie - Sad®ordi Ag Cr8RElr ai m 30,
wherein said bondcoat contains fromabout 10 to 60 wt % pl ati num 15

39. The turbine engine component according to claim 30, wherein

said bondcoat contains from about 5.0 to 70 wt% platinum.

40. The turbine engine component according to claim 30, wherein

said bondcoat contains from about 10 to 60 wt% platinum.

15



