H GH _STRENGTH NI - PT- AL- HF BONDCOAT BACKGROUND OF THE I NVENTION (1) Field of
the I'nvention [0001] The present invention relates to a high strength

ni ckel - pl ati num al um num haf ni um bondcoat for a turbine engine conponent
and a nethod for form ng 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 defects in the conponents. To protect the conponents, bondcoats

and/or ceram c topcoat s;e saRihiced 19 -bheasustagespebat he turbine engine
conponents. [0003] Despite the existence of such coatings, there is still a

need for coatings which provide the conponents with inproved oxidation

resistance. SUMVARY OF THE LNMENTLON, [D004]. AGeendiag! ¥, the present

invention is directed to an Inproved coating systemfor a turbine engine
conponent(landiehdt hbdshé ofnfemimiorg sane. [ 0005] In accordance with the

resent i i , there is, provided a thod for. form ng a coat. on a
Db rat d08GRL Wb oI Ents drTeBE iR LELER 60 et TR STE T I 1 at e,
deposi ti pgadihayes1@hiphathHem @ntora&dd ate of tuheisdbehgahe, depositing

a ni ckel -al um num haf nium (Ni-Al -Hf ) | ayer onto the platinumlayer, and
heat tre&PMRENERE 3uBs? ragheq t Fox Heorming same.

(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, bondcoats 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

oxidation resistance.

SUMMARY OF THE INVENTION
[0004] Accordingly, the present invention i1s directed to an
improved ccating system for a turbine engine component and
methods 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 nickel-aluminum-hafnium (Ni-Al-Hf) layer onto the
platinum layer, and heat treating the substrate with the
deposited layers to form a nickel- platinum-aluminum-hafnium

{Ni-Pt-Al-Hf) bondcoat.



deposited layers to forma nickel- platinumalum num hafnium (N -Pt-Al-H)
bondc¢oat. 1 [0006] In accordance with the present invention, there is

provi ded an alternative nmethod for form ng a coating on a substrate. The
met hod broadly conprises the steps of providing a substrate, depositing a
Ni -Al -Hf |ayer onto a surface of the substrate, depositing a | ayer of

pl ati numover the N -A -H |ayer, and heat treating the substrate with the
deposited layers to forma N -Pt-Al -H bondcoat. [0007] In accordance with

the presqBbobiVet | flkoddicd 3 erPhadl ded a,tuipbag, eogl ne,cogpepent broadl y

conprising a “substrate roma nicke ased supefalToy and a Ni-Pt-Al
Hf bondcepatvagptli ed tbdtarsativeemethodef smbStimaine 4 QRGER]indt ker adet ai | s of

the high _strength N.,:Pt-Al-H bondcoat of the present invention, as well as
ot her obf@%?grgﬁﬁ'l\lg%aﬂ?gﬁgg %f?%% n?OI?%SeetSo&he?res S ©dr PEOVAILRE 2
fol | owi ngubgesetept Hepoand: hea agCcompammy i NGy aMt0Ss wherreid birkeneef erence

nuneral s depict |ike elenments. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0009] FI G
1 is a sCHBARERESr cPrBSBAEART OB bRYET f9F Rl vesy ShemMilnAdcEsr dance

W th theigresentaln¥eat! Phoa ity [ ORI Oluld ok vl SHRCRIJSG 1keAr e300EE!T On
of a second coating systemin accordance wt the present 1 nvention.
DETAI LEDtDESCRIPF | DN~ DE-AHEH PREGEIRRED: EMBODI MENT(S) [0011] As di scussed,

the preS?BBO%TV%ﬂ$iég%éfﬁégééﬂ%f%% %%eagresent invention, there is
provided a turbine engine component broadly comprising a
substrate formed from a nickel based superalloy and a Ni-Pt-Al-
Hf bondcecat applied to a surface of the substrate.
[0008] Other details of the high strength Ni-Pt-Al-Hf bondcoat
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

nurnerals depict like elements.

BRIEF DESCRIPTION OF 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
inproved 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 te the nickel based
superalloy forming the turbine engine component. The bondcoat is
a high strength Ni-Pt-Al-Hf coating. The addition of the

platinum to the bondcoat improves the adherence of the aluminum
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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
conmponent. The bondcoat is a high strength Ni-Pt-A -H coating. The
addition of the platinumto the bondcoat inproves the adherence of the

al um num 2 oxi de scale that fornms during use of the turbine engine

L1012 strat f f f t
Cyatom | K¥400or GAAEC IR ECTHES pFESERT 1L 1O WG SRGWR ARG o1 & ni okl

based al keypsubstrate 10 has a surface 12. A layer 14 of platinumis
deposited %nto t he surface 12, preferably using an el ectroplating
t echni qué29&gd &UFbo§e§l&F3tFP¢@§tﬁa?ﬂéﬁtoﬁﬁgueacﬁsﬁ@ﬁlf%ﬁ@kﬁ?(ﬂﬂ%ﬂﬁﬁﬂfgbath

may cont 3iB¢efl %Ié}@@bﬁ&@ﬂ&é%@@h%é gt?:é:?é?ﬁe i¥fveht it 2@59 @@RL! 1 ter. The
current density may range from 20 anps per square foot. The tine for

eIectropkéﬁtﬁgnmnﬁlnb@k@btbaﬁ$®e@ﬂlgyt&ubaﬁnﬁna%i@ halsi eksegdacehé2. A

el ectroplating,ha e ure The | ayer of
electropﬁg&gg %?a%?n%§$§%§ ave @ &@ |éi O(%O %%Fh %5% g? from about 0.01
to 1.0 nokefeThBse ueilegtdi@pé}iéctﬂgoml&f@ffﬁj e:res:halrle;u@ff@*roedpmpebsésf ef
purposesigﬁ?ﬁllIustratlon as ot her_electroplating paranmeters can be

enpl oyed: ETRHAPR Nt Y ayRr SR 5o A B RFds e d 2y FE¥hAPRGE4N ot her
than el egh heRhaki §9ansehe 8sih NEldidifihe DI 1ROt J b 18dnkP1iter. The

current density may range from 20 to 30 amps per square foot.
The time for electroplating will 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 0.01 to 1.0 mils. These
electroplating parameters are offered merely for purposes of
illustration as other 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 Ni-Al-Hf material is deposited
ontce the platinum layer. Preferably, the Ni-Al-Hf 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.S5. 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 other plasma vapor deposition |
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 Ni-Al-Hf material which is deposited may have a
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sputtering, and other deposition techniques. [0013] Thereafter, a |layer 16
of N'-Al-Hf material is deposited onto the platinumlayer. Preferably, the
Ni -Al -Hf material is deposited using a cathodic arc deposition process.
Techni ques 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 which are

i ncorporated by reference herein. Alternate nethods of deposition,

{ nel udingoahhes : PLASHBYARPEnHeRPSILLAD el MUAHET SUCh 45 TRIELERD
sputtering and el ectron beam pl asma  vapor deposition rmay be used.” When
t hi cknespredntebhy &fremnaboupr&sknto 1Vari ous? t dnmelnuspr dy cre aboiuggues such

as | ow pre r | asma, spray.an hi gh vel ocity oxy-fuel) techniques
may be hf?ﬁ#zga.gTﬁeaﬁfiA?g © d?£§$£%é%w#%ﬁFﬁ &'@@ O§Fiéh4n§$ﬁhave a3
conposi t hafingéansi shianghef babgute fipMabout to 5.5 to 15.0 % preferably

fromabout 5.5 to 13.5 wt% alum num fromabout 0.001 to 5.0 W%
pr ef er abltOL A bmEH IR iRDEERCS i ionned, thRaNar hTHAMREREidh dite ni ckel .

[0014] Fql,,eWm-Rg.degogt Ly o0 fg i< Al - ter i.aly 1th W th
t he deposited | asler s 14 angh§6 %é]@sé%?cg\lcltdgc?%% 1621a a%ﬁdf fltt?s?gn%ﬁgi%ys?rgga%(rgrent .
The di f f asidlofAfheadnt heat nen¢atsencarthedidifusdtona heenperatumenicnishe range

ff hout 1200, t bout 2100 degy Fahr enheit f ti ipd i
Che. 1 angBaoF Lo OhF abbuf SBPTE 14 Rl S orHe e Pl 16A™ FEReAROPsEo

pref erabkpogarried Qe§réds anahPefitic DASF A MDHIRRY @eSUCH 2% &Re 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 atmeosphere. The fully heat treated Ni-Pt-Al-Hf bondcoat
may have a thickness in the range of from about 1.0 to 5.0 mils
and a composition consisting of from about 5.0 to 70 wt%,
preferably 10 td 60 wt% platinum, 5.5 to 15 wt%, preferably from
5.5 to 13.5 wt%, aluminum, 0.001 to 5.0 wt%, preferably from
0.001 to 0.4 wt% hafnium, and the balance nickel.
[0015] Once the bondcoat is formed, a ceramic topcoat 20 may be
applied using any suitable ceramic composition known in the art.
A preferred composition for the ceramic topcoat 20 is yttria
stabilized zirconia such as 7.0 wt% yttria stabilized zirconia.
Other favorite compositions include zirconia based pyrochlores,
5 to 60 mol% gadolinia stabilized zirconia, and zirconia
stabilized with various lanthanide sesquioxides and mixtures
thereof as 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 about 1.0 to 50 mils,
preferably from 3.0 to 15 mils.
[0016] The ceramic topcoat 20 may be applied using any suitable
deposition technique known in the art. A preferred deposition
technique is electron beam physical vapor deposition (EB-PVD).

Ceramic coatings are preferably applied to bondcoated substrates
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argon at nosphere. The fully heat treated N -Pt-Al -H bondcoat my have a

t hi ckness in the range of fromabout 1.0 to 5.0 mls and a conposition
consisting of fromabout 5.0 to 70 % preferably 10 to 60 wt % pl ati num
5.5 to 15 wt% preferably from 5.5 to 13.5 W% alumnum 0.001 to 5.0 wt%
preferably from 0.001 to 0.4 wt% hafnium and the bal ance nickel. [0015]
Once the bondcoat is fornmed, a ceram c topcoat 20 may be applied using any
suitabl e ceram c conposition known in the art. A preferred conposition for

the ceramic t oat 20 is yttria stabilized zi ia such as 7.0 % yttria
stabi | i zet zsl"]?tgso i e Ocﬁ“ﬁ’ R EFi F@ngbﬂﬁogf??‘oﬁg&nﬁ u%%o‘%i‘?‘ac%‘?%s based
pyrochl oresrerhdia ,6Quip|H-aaedd! ipedsstabi bEzedl zi § cONG ani BN CONI a

stabilized with various |anthani de sesquioxides and m xtures thereof as
descri bedPdRPU IS OTPAIER 1NEISS, 302D tahiéh mEnut g orpbrat BREBILTWT er ence

herein. T ] PG layer a thickn ' he range of
from abouftl'eelcgltE‘)&{ttae[c‘ig’I %dit (r?ﬂzg%to &r'éf éLrnégIe? %Bm&‘ﬁ t%{ﬁ%mﬁgé%‘%m] The
ceran ¢ tdgymosEitt 200 eeching qaesl iled lusienghanya b usibady Eng deposiii¢an tagpehni que
known in the artt.. A pref ertred %%%ositgn technique is el ectron beam

physi cal VHEPSH d&hus it ol (PEB- PORF1C2tel ARPE AORTT hytohr e PreY@tstl y appl i ed
to bondcoated:ulst haftehoA atimSulbst £at echeRPel at aF @Sdé dgi tibid y om 1700 to
2200 degrees Fahrenheit, and chanber pressures of 0.1 to 1.0 mllitarr.
Deposi t i oPHE 5 M@ngea s (tEMrT6 1t 6VEPOTAT hok esE L% FeebREBelOT fEEAFTETEs of

0.2 to 1"ékﬂdgﬂﬂﬁ%ep%%nh%ﬁ%i095E§§ EBiEQQhein all of these deposition
techniques as known to be appropriate by one skilled in the art.
[0017] When produced by vapor deposition technigues, the ceramic
topcoat layer 20 is characterized by a columnar grained
microstructure with the columnar grains or columns being
criented substantially perpendicular to the surface 12. The
columnar grains or columns extend outwardly from the bondcoat or
from an aluminum oxide scale layer 18 that is intentionally
formed on the bondcoat before or during deposition of the
ceramic layer 20. In addition, vapor deposition techniques that
utilize means to increase the mobility of vapor species on the
substrate surface, such as substrate bias or high-energy ion
impingement, result in dense equiaxed ceramic coatings.
Alternatively, thermally sprayed coatings that form by
depositing liquid droplets on the substrate have a porous
microstructure consisting of randomly piled frozen splats of
ligquid. These splats are typically microcracked and typically
trap pores between them, resulting in a strain-tolerant
microstructure.

[0018] Referring now to FIG. 2, there is shown an alternative
sequence for forming a coating system in accordance with the
present invention. In this method, the bondcoat is formed by
depositing the Ni-Al-Hf layer 16 onto the surface 12 of the

substrate and then depositing the platinum layer 14 over the Ni-
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deposition techniques include thermal spraying, chem cal vapor deposition,
and ot her physical vapor deposition techniques, including, but not limted
to, cathodic arc deposition, sputtering, and thernmal evaporation. Either an
inert or reactive atnosphere can optionally be used in all of these
deposition techniques as known to be appropriate by one skilled in the art.
[0017] When produced by vapor deposition techniques, the ceramc topcoat

| ayer 20 is characterized by a columar grained mcrostructure with the

col umar_,grakn colu i ng _ . iented b ntiall r i to
t he surf%geﬁﬁzfagég P%brﬂ%%gﬁ‘gga#ﬁilgye%o %ﬁngggﬁtgﬁ %ﬁ@&a?gﬁgb%$%§§%he
bondcoat asrdefcotbad #Stbarg rum axdydées calpe sliagdar us@ntthahei sechheghié onal |y

formed on the, bondcoat before or duri deposition of the ceramc |ayer 20.
I n additg%ﬁ?r%%$%raQ@%%siqq?NP%%ﬁﬁﬂﬂqﬂﬁé¥thgﬁ mayi PRYE HBENE2RS i ncrease the

nobi | i tyc8hpySPOf oSPECEBSgOM S R s SUB albeveukhacRaySHeha@gosubsyrate bias
or high-energy ion inpingenent, result in dense equiaxed ceram c coati ngs.

Al t er nat 1981y, tha g ket i yoskatEieg terdnilagse thacribem bhovdepBBeting |i quid
dropl ets o LGl u SL Sl f
randon yoprTE 7Y datt op ey fitury, PRrbaRbl SrLLe ERRTLERLARA
m cr ocr adeds anthd ypieal dyindg rdae peres phetweenrthem dessuibedgabova.
strain-tolerant_ mcrastructure. [0Q018] Referring nowto FIG,,62, there is
Shown anTaF (RTHERT VAR uiitie HEHERR A6 SPEoRETRGRSy EPeR fhGEE Hance
Wi th theinpresemnti bnveinan. 1 tdirsmRt Redeobhe1hopdcoatmhs Horned by
deposited as discussed above.
[0019] Several specimens coated in accordance with the present
invention have survived greater than 1000 hours of cyclic
oxidation in a burner rig at temperatures in excess of 2000

degrees Fahrenheit.



depositing the Ni-Al -Hf layer 16 onto the surface 12 of the substrate and
then depositing the platinuml|ayer 14 over the Ni 5 Al -Hf |ayer 16. The

Ni -Al -H | ayer nmay have the same conposition as described above and may be
deposited using the technique described above. The platinumlayer 14 may
have the sane conpositional range as descri bed above and nmay be deposited
using the electroplating techni que descri bed above. The diffusion heat
treatment step is performed after the platinum depositing step using the
sane parpueters @ gdescrided above. The preferred bondcoat thickness is the
sane as that discussed in the prior nethod. The ceram c topcoat |ayer 20
may be deposited as di scussed above. [0019] Several specinens coated in

accor dange wi fBcdde 1SN ANl haye suLxbed.gLealss. | ban, 1000 hours

of cyclic oxidation in er rig at’ tenperatures n exc SsS o

degrees Fatpenteit. 6 WHAT IS CLAIMED IS: 1. A nethod for form ng a coating
on a substrate conprising the steps of: providing a substrate; depositing a
| ayer of platinumonto a surface of said substrate; depositing a Ni-Al-Hf

| ayer onto sabgbpldtiumMddirarand heat treating said substrate with said
deposited |l ayers to
depositing a layer of platinum onto a surface of said

substrate;
depositing a Ni-Al-Hf layer onto said platinum layer; and

heat treating said substrate with said deposited layers to

form a Ni-Pt-Al-Hf 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 acceording to claim 1, wherein said heat treating
step comprises forming said bondcoat with platinum being present

in an amcunt from about 5.0 to 70 wt%.

5. The methoed according to claim 1, wherein said heat treating
step comprises forming said bondcoat with platinum being present

in an amount from akout 10 to 60 wt%.
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forma N -Pt-A -H bondcoat. 2. The method according to claim1, wherein
sai d substrate providing step conprises providing a substrate fornmed from a
ni ckel based all oy and wherein said platinumlayer depositing step
conprises electroplating said platinumlayer on said substrate surface. 3.
The nethod according to claim1l, wherein said platinum depositing step
conpri ses depositing a |layer of platinumhaving a thickness in the range of
fromabout 0.01 to 1.0 ml. 4. The nethod according to claim1l, wherein said
heat treating step conprises form ng said bondcoat with plati num being
present in an anount fromabout 5.0 to 70 wt% 5. The method according to

claim1, ewhenei fiesBbll Beabriiggt t80c181®PL COMYtSes SAdNNIGr9aind bondcoat
with platinumbeing present in an anount from about 10 to 60 wt% 7 6. The
net hod afEBP§iidngoSERR ﬁPIIPrM%%‘e‘ﬂ?P@%}’alW -5 LHN L depdi 199a¢ 1ogepsing

conpri seg @%@ﬂ%ﬁ&b”% ga ﬂml;lf £oaLiNg using a cathodic arc deposition
0

process. e net |ng t ¢ aim 1, wherein said Ni-Al-Hf
deposi ting step conpri ses dep03|t|ng a Ni-Al -Hf naterlal conS|st|ng of from

about 5. % | um nu fromapout . 0.Q01 to 5. % haf nium and the
bal ance |CE8 eaﬁﬁ?ﬁ n%cE%r‘gf th INERIP S\ﬁl"r@r A'?Lalﬂ(f Ni - Al - Hf

deposi ti @@p@b@@lﬁgmte§e§oﬂ§@9§éél@Qp@sﬂxﬁ -Hiwimehieldakhate@nsiisti ng of from
about 5.5 to 13.5 wt % al um num from about
consisting of from about 5.0 to 15 wt% aluminum, from about

0.001 to 5.0 wt®% hafnium, and the balance nickel.

8. The method according to claim 1, wherein said Ni-Al-Hf
depositing step comprises depositing a Ni-Al-Hf material
consisting of from abouf 5.5 to 13.5 wt% aluminum, from about

0.001 to 0.4 wt% hafnium, 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 to 15 hours to form sald bondcoat.

10. The method according to claim 1, further comprising applying
‘a ceramic topcoat over said bondcoat having a thickness in the

range of from about 1.0 to 50 mils.

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

having a thickness in the range of from about 3.0 to 15 mils.

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

zirconia topcocat.



0.001 to 0.4 wm % hafnium and the bal ance nickel. 9. The nethod according to
claim1, 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 tinme period in the range of from
about 2.0 to 15 hours to form said bondcoat. 10. The nethod according to
claim1, further conprising applying a ceramc topcoat over said bondcoat
having a thickness in the range of fromabout 1.0 to 50 mls. 11. The

met hod according to claim 10, wherein said ceram c topcoat applying step
conprises applying a cerami c topcoat having a thickness in the range of
from abouB.3TRet Mefhod hScord2ng The dE{Hod BCabledicia tsaiel alePak@c Wherein
said ceram c topcoat applying step conprises applying a yttria stabilized
zi rconi atPBFEBAL ?PIBlXBI?gTﬁéePre‘FWJa%%rQﬁWJ{H@ @ Filfceelankessrn said

ceram ¢ ol,0peRaLraPPLYLRG: Step conprises applying a zirconia based
pyrochl ore topcoat. 14. The nethod according to claim10, wherein said

ceram c topcoat applying step conprises applying a 5 to 60 nol % gadolinia
stabiliz zi,yconia. 15, The net hod cording to cl.aim10, wherein said
ceram ¢ ?QOpgégtm%g%?%i%%C%¥%bn%o%%r$§%§“ (%Iy%ﬁ§e§§igaﬁ%pggéﬁmﬁging an

EB- PVD t eepBabguea gty i her ebyp f oshp s i gbdigneeat 6 ik &0 eehgmar grai ned

m crostructure wherein columar grains are
gadelinia stabilized zirconia.

15. The method according to claim 10, 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.

16. A method for forming a cocating on a substrate comprising the

steps of:
providing a substrate;

depositing a Ni-Al-Hf layer onto a surface of said

substrate;

depositing a layer of platinum over said Ni-Al-Hf layer;

and

heat treating said substrate with said deposited layers to

form a Ni-Pt-Al-Hf bondcoat.

17. The method according to claim 16, wherein said substrate

providing step comprises providing a substrate formed from a
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oriented substantially perpendicular to said substrate surface and extend
outwardly fromthe bondcoat. 16. A nethod for formng a coating on a
substrate conprising the steps of: providing a substrate; depositing a

Ni -Al -Hf |ayer onto a surface of said substrate; depositing a | ayer of

pl ati num over said N -Al-Hf layer; and heat treating said substrate with
sai d deposited layers to forma N -Pt-A -H bondcoat. 17. The net hod
according to claim 16, wherein said substrate providing step conprises

i di ng; f .9 ni.ckel d all d wh i id
o ov 911y Acsthelid o LG L ADA.S LSKE based SLiey gadoabereyn sold

0Si onpri ses efectrop

on sai d ssabstombe san felos:triddhl aiegmetiad paecondinngayerchbai sgaildé, wherein
said platinum deposi]%ai1 ng step conprises depositing a |ayer of platinum
having &t cKfes® it %%re range of from0.01 to 1.0 nil. 19. The method
according to claim 16, wherein said heat treating step conprises formng
sai d bondcoat with platinum being present in an anount fromabout 5.0 to 70
wt % 20. 18hel e tpidh ot coradiney oo tel silmime L owheheraisabdidlentatimwaning step

conpri se ing. said b £ Wit l.at.inum bejin esent.. in.an unt
from abo%efgﬁ%{@[%g%oﬂvﬁg/ogo%%%%es de%ogl%lng a 95ye9 BE Sfawtilnum ﬁavﬁ{?
a thickness in the range of from 0.01 to 1.0 mil.

19. The method according to claim 16, wherein said heat treating
step comprises forming said bondcoat with platinum being present

in an amount from about 5.0 to 70 wt%.

20. The method according to claim 16, wherein said heat treating
step comprises forming said bondcoat with platinum being present

in an amount from about 10 to 60 wt%.

21. The method according to claim 16, wherein said Ni-Al-Hf
depositing step comprises depositing said Ni-Al-Hf coating using

an cathodic arc deposition process.

22. The method according to claim 16, wherein said Ni-Al-Hf
depositing step comprises depositing a Ni~Al-Hf material
consisting of from about 5.0 to 15 wt?% aluminum, from about

0.001 to 5.0 wt% hafnium, and the balance nickel.

23. The method according to claim 16, wherein said Ni-Al-Hf
depositing step comprises depositing a Ni-Al-Hf material
consisting of from about 5.5 to 13.5 wt% zluminum, from about

0.001 to 0.4 wt% hafnium, and the balance nickel.

24, The method according to claim 16, wherein said heat treating

step comprises heating said substrate with said deposited layers
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21. The nethod according to claim 16, wherein said N -A -Hf depositing step
conprises depositing said Ni-Al -Hf coating using an cathodic arc deposition
process. 22. The nmethod according to claim 16, wherein said Ni-Al-Hf
depositing step conprises depositing a Ni-A -H material consisting of from
about 5.0 to 15 wt% al um num from about 0.001 to 5.0 wt% hafnium and the
bal ance nickel. 23. The nmethod according to claim 16, wherein said N -Al-Hf
depositing step conprises depositing a Ni-A -H material consisting of from

about 5.5, to0 13.5 wt% alum n from abou 0.001 t A4 wt % haf ni and

t he bala%Eeanlgwg??aEﬂ?eTﬁ% ﬁ@%h%ﬁp%ﬁxﬁékﬁﬁﬁTt%%QHtaﬁﬁ$P6quﬁ%Pan&ggbd heat
treati ngdegtepsCcpaptésksibendt ng samd Sabdd atne et rasidied odeFesit gdoliayers
10 at a tenperature in the range of from about 1200 to about 2100 degrees
Fahr enheft Of 5P &5t MBI pebP ofioTH $dhkd rRANFCH f rom about 2.0 to 15 hours to
form said bondcoat. 25. The nethod according to claim16, further conprising
applying a ceram c topcoat over said bondcoat having a thickness in the
range of 2profihaboathdd Oatood@img | 50 @6 inTHES nerddieac comgirnaging cl ai m 25,

wherein said ceram ¢ _topcoat applying step, conprises.applying .a.yttria
otabi| 2 oar yFRaon: eraftoaror SOt Yok Sl ERTR Ry 200 Y A0 RREGHE, i
sai d cer ani €het epegat o apptyth NG SEEB COMY i1vemiappl ying a zirconi a based
pyrochl ore topcoat.

26. The method according to claim 25, wherein said ceramic

topceat applying step comprises applying a yttria stabilized

zirconia topcoat.

27. The method according to claim 25, wherein said ceramic
topcoat applying step comprises applying a zirconia based

pyrochlore topcoat.

28. The method according to claim 25, wherein said ceramic
topcoat applying step comprises applying a 5 to 60 mol3

gadelinia stabilized zirconia topcoat.

29. The method according to claim 25, 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.
30. A turbine engine cocmponent comprising:

a substrate formed from a nickel based superalloy; and

11



28. The nethod according to claim?25, wherein said ceramc topcoat applying
step conprises applying a 5 to 60 nol % gadolinia stabilized zirconia

topcoat. 29. The nethod according to claim25, wherein said ceram c topcoat
appl ying step conprises applying said topcoat using an EB-PVD techni que and
thereby formng said topcoat wwth a columar grained mcrostructure wherein
columar grains are oriented substantially perpendicular to said substrate
surface and extend outmardly fromthe bondcoat. 30. A turbine engine

conmponent conpr. Si strate for m a nickel based_syperalloy; and
TTRN P A TR AR R S 20 fof e S Rge hnterdre, a1
t ur bi ne en@$ﬁeat@nponent accordlng to claim30, wherein said bondcoat has a
thickness in the range of from1.0 to 5.0 mls. 32. A turbine engine

conponent according to claim 30, wherein said bondcoat has a conposition

consi stifg, of Eﬁfﬁ&ﬁgméﬁ%fhé)édﬁydﬂ%d%(gﬂ@o%Hhﬂ%”kofEQE&ﬁbQUt whQrdfr 15 W%

al um num from about 0 W % hafni um™ and bal ance ni ckel . 33.
A tur bi neaehdrerdconpdnehta ddciorkiiaas tie ¢chai madge wiiefeom 1sfi dopfali numis
pr esent %f an amount fromabout 10 to 60 w% said aluminumis present in
an anoun %ron1about 5.51t0 13.5 wt% said hafniumis present in an anount
fromabout 0.001 to 0.4 W%

32. A turbine engine component according to claim 30, wherein
said bondcoat has a composition consisting of from about 5.0 to
70 wt% platinum, from about 5.0 to 15 wt% aluminum, from about

0.001 to 5.0 wt% hafnium, and the balance nickel.

33. A turbine engine component according to c¢laim 32, wherein
said platinum is present in an amount from about 10 to 60 wt%,
said aluminum is present in an amount from abcout 5.5 to 13.5

wt%, said hafnium is present in an amount from about 0.001 to

0.4 wt%.

34. A turbine engine component according to claim 30, further
comprising a ceramic topcoat and a layer of aluminum oxide scale
between said ceramic topcoat and sald bondcoat, whereby said

bondcoat improves adherence of said aluminum oxide scale.

35. A turbine engine component according to claim 34, wherein

said ceramic topcoat comprises a yttria stabilized zirconia.
36. A turbine engine component according to claim 34, wherein

said ceramic topcoat comprises a zirconia based pyrochlore

topcoat.
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34. A turbine engine conponent according to claim30, further conprising a
ceram c topcoat and a | ayer of alum num oxi de scale between said ceramc
topcoat and sai d bondcoat, whereby said bondcoat inproves adherence of said
al um num oxi de scale. 35. A turbine engine conponent according to claim 34,
wherein said ceram c topcoat conprises a yttria stabilized zirconia. 36. A
t ur bi ne engi ne conponent according to claim 34, wherein said ceramc

t opcoat conprises a zirconia based pyrochlore topcoat. 12 37. A turbine
engi ne npgonent _according to claim34, wherein said ceramc _topcgoat

compri 64 af SHSRLES FBOSHeEPUREATE | 70T StUb 1] S0 Y rlon i TEdoat . 38,
A turbi RQigngkRrameeMpepeRkhtacsRpHL 88s tHn Cdsdum 3t WeS eldl s Spiddiceram ¢
topcoat has a thickness in the range of from1.0 to 50 mls 39. A turbine
engi ne éédpandaedagésranhg torepaim 38, wherein said thickness in the range
of from3.0 to 15 mls. 40. A turbine engine conponent according to claim
34, wherein said ceramc topcoat has a columar grained mcrostructure with
col umar3sgr ai nsarbihentadisabstapbheaht yapespeindy did arldim t3le wderkdae of the

substrate .and extendin outmardlg fromthe bondcoat and an alunin% %cale
| ayer . $31d ceramic topcoat has thickness in the range of from 1. 0

50 mils

39. A turbine engine compcnent according to claim 38, wherein

said thickness in the range of from 3.0 to 15 mils.

40. A turbiﬁe engine component according to claim 34, wherein
said ceramic topccat has a columnar grained microstructure with
columnar grains oriented substantially perpendicular to the
surface of the substrate and extending outwardly from the

bondcoat and an zlumina scale layer.
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