H GH STRENGTH M - PT- AL- HF BONDCOAT BACKGROUND OF THE | 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 th%l%%”@?ﬁﬁﬁ&% NP-PF oL £Gt tgghﬁﬂggpnents, bondcoat s
to

and/or ceram c topcoats are applie the surfaces of the turbine engine
conponents. [0003] Despite the existence of such coatings, there is still a

need for coatings which prayj C n i |.nproved oxidation
resi stance. SUWARY OF THEq*k%Eﬁ#ﬂéﬁ)ﬁgggﬁﬁ k@gﬁbﬁgﬁ ly, the present

i nventionljsrdél@ctedci® Biwventiproved coating system for a turbine engine
conponent and. nethods for form ng sane.ﬁ%OOOS] In accordance with the
present (LROBKT dihe Presentsingepiiaedral #ethol forh¥8 ey doatick§lon a

substrat g1 s Thgum BT Hpth 080 Y GP YIRS t B rSheRS Bfinkr @¥L9LRg a substrate,
depositing a layer of platinumonto a surface of the substrate, depositing

a ni ckel campanaun dad g une tNd AferHfformdyar samee t he

(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 is directed to an
improved coating system for a turbine engine component and
methods for forming same.
[0005] 1In 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 ocntc the
platinum layer, and heat treating the substrate with the
deposited layers to form a nickel- platinum-aluminum-hafnium

(Ni-Pt-Al-Hf) bondcoat.



pl ati num | ayer, and heat treating the substrate with the deposited |ayers
to forma nickel- platinumalum num hafnium (N -Pt-Al-H) bondcoat. 1

[ 0006] In accordance with the present invention, there is provided an
alternative nethod for formng a coating on a substrate. The nmethod broadly
conprises the steps of providing a substrate, depositing a N -Al -Hf |ayer
onto a surface of the substrate, depositing a |layer of platinumover the

Ni - Al - Hf r, +an g§ﬂ§ i e at. i.th_the sited layers
to form a[dm-ﬁ-%f onaggc%eg?'?l%}go%% pﬁ:lr%%%%rgoﬁgg\é@etg\?\nhf htﬁgggpigesent

i nvent i oprahigee e aprevindédva tmatbodefengiowenronponesdt brgad yw conpri si ng
a substrate fornmed, from a, nickel sed superall and a Ni-Pt-Al, Hf
bondcoat S&%)pﬁqr@&et'oT esﬁlreggc?g EFO?QZYSE%@? Ht e’ %0%18@ Her RFEEE9189%F t he
hi gh st rengidt Mitelt dAboldfi thandaoat -ADEHE hea ps eS@ito | Avanti s &S ol | as

ot her objects and advantages attendant thereto, are set forth in the

f ol | owi ngPURRESEtipt IFGROZAG L PHe 2ad8BRpanyi PR o2 rgse Iereiti 1Akd S ef erence
nuner al s aRICt didk e cakeneasinBRLEE DESCRIPTL N GF JHE DRAWNGS (0909 FIG

1is a schematic representation”of a first coating systemin accordance
with the oy dsam & Medti-dd-HEnBopdoedf-FIG 2 is a schematic representation

of a secofghAAl {N9, - SYFEEML N, AGE A IANSE D 1R R §RENL nLRYERLT ON.
provided a turbine engine component broadly comprising a
substrate formed from a nickel based superalloy and a Ni-Pt-Al-
Hf bondccat 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

numerals depict like elements.

BRIEF DESCRIPTION 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] 2As 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 high strength Ni-Pt-Al-Hf ccating. The addition of the

platinum to the bondcoat improves the adherence of the aluminum
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DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT(S) [0011] As discussed,
the present invention is directed to an inproved coating systemthat can be
applied to turbine engine conmponents, such as vanes, bl ades, and seals,

that are exposed to high tenperature gases. The coating systemincludes a
thin bondcoat that offers oxidation protection to the nickel based
superal l oy form ng the turbine engi ne conponent. The bondcoat is a high

st rengt h, [N\ = t4 addi 1.0 h . At t he bondcoat
inproveso%%gézﬁﬁégéjﬁﬁgggfb?%gsgPﬁﬁ?%ﬂﬁ%f %f?%ggsggfghgﬁa?Hg%%%s during use
of the toehpererhgi ne conponent. [0012] FIG 1 illustrates a first sequence

o 1 TRB812 C9E. 18, SSRLER, L0 2bcet fRnce il d e Presepl ] 1enlion: Ao

shown erern, amnic all oy subs

14 of playsbem is deposddete ontih tthe: stcdfsage idvenpieher abl yhagshng an

el ectropl ati ng technj que. Forcﬁurposes of illustration onl¥, a useful

el ect r opFR¢FH baﬂrP+ékﬁ%xﬁﬁ§ﬁ aljion imtgaaat i BaSi A FRELRGRgEZ ofA 17 to

26 gramsibi:éeriq The praffamt densddos iy Haree the08u2@ate 30, anps per square
foot. The tinme for electroplating will be determ ned by the required
t hi cknesBrefrealel ecisopl &t iRl ahtPRlEkiddattecenéaiegorap PorRo®es defrees F.
oo Spek e EAFELORRLRLE P! sl A et e . LEKREREy Lok e g e o
nerely fptapimposgsamfities in the range of 17 to 26 grams/liter. 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 technigques 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
onto the platinum laver. 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.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 other plasma vapor deposition
technigques such as magnetron sputtering and electron beam plasma
vapor deposition may be used. When thickness concerns are not
present, various thermal spray technigques 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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illustration as other electroplating paraneters can be enployed. The
plati num | ayer al so can be deposited by techni ques other than

el ectropl ating, such as including, but not limted to sputtering, and other
deposition techniques. [0013] Thereafter, a layer 16 of Ni-Al-H nmaterial is
deposited onto the platinumlayer. Preferably, the Ni-A -H material is
deposited using a cathodic arc deposition process. Techniques for applying

the coatiamsodfcidie AESAL AP A IBALE 18! & Bl BSTHRs VANRLs,

deposition are discussed In Pat ent Nos.
6, 036, 828re e 792l RoTxcmmbBIRH4,572@, 13l.6 wok, walohiave, i Aronparatied by

referencg @@¥e{g,5/%t ﬁal%xﬂ%ﬁ@%ﬂs f%%mq%gga%tboa iggIHdhn tcher pl asma
vapor depoSitioh “tec n?hé%s such ds magnetron sbu?%erlng'an el ectron beam
pl asma Napoiudeposd tilon belare usedkel\When t hi ckness concerns are not

resent, i ou er mal ray.techni ques such .as_| ow pressure | asma spra
e IO RAD  Fan Do B et ot cefiion, LA it SR an Tofhe N oAl

mat eri al subtehats feppsin adhdmediavecd 32¢8¥R0SLt hAA @Qn§§5§ﬁ]8%e@tfec§ibéwt
fromabout to 5.5 to 15.0 wt% preferably fromabout 5.5 to 13.5 m%
al um nun@ ¢ 6w abJuthear. doteatesmity wihg diféneianl hesr ohradboend. D91 to 0.4

W%, [eLaLl S e o anes el LIGLEGE Lo Dnosngst oo e,

subj ect egbdot A100 fdesiors Hedtrdanhedttngote. aThémdi pEuspdnihethet reafarent s
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 Ni-Pt-Al-Hf bondccat
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 to 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 bondcocated substrates
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carried out at a tenperature in the range of from about 1200 to about 2100
degrees Fahrenheit for a tinme period in the range of fromabout 2.0 to 15
hours. The diffusion treatnent is preferably carried out in an inert gas
at nosphere such as an argon atnosphere. The fully heat treated N -Pt-Al - Hf
bondcoat may have a thickness in the range of fromabout 1.0 to 5.0 mls
and a conposition consisting of fromabout 5.0 to 70 W% preferably 10 to

60 wt % pl at i \@0{9 pr. r.ahl o] .b t . %. al um num
0. 001 toilg.éo \% %}qalscpe?e‘%egn%%ay reosmr%%l.%ég? 5%‘. gba?%gﬂa?%;}ﬁrf?e%%é% he bal ance
ni ckel . F@&ihdince arte diomdeoatpresshoesedf 8.tetanicotoptbato2d. may be
applied using. . any suitable ceramc osition,known in,the_art. A
preferre’%e%% %]s%t i oY PAE if[é]roﬁ}n%@n?8pé%gtmﬁﬁu §SyEetia f%?‘i\%i??‘?]%ed

zi rconi afsettatass o0 OM20nd trr.isa islcakisl bzednsgiikcoptRer Shbespfavorite

conposi tions jnclude zirconia based pyrochlores, 5 to 60 npl % gadolinia

st abi | i Z8HPIF M & AR e amicd udst dhrrm2édsRréHindr i eemiaht hede

sesqui oxhdess Anth Al Xy eoscnetﬂﬂ%%%fic%% g 86k Refok e Hom: %ﬁ@ﬂﬁf‘&ué\p

6, 730,422, which i's incorporatéd by reference herein. e cefani'c topcoat
| ayer 20inghydinwe it hiakndssitied ttee canhedof arondepositico®, to 50 mils,

si ng. aniPeti ThBTY HboR Ty (EAR e noaneiRe e h SPert b bar e

deposi t i atmosEedu qren i il @etiign teeaephy ai el waponedepaspds dnirEB- PVD) .

Ceram ¢ Coal | 1 95e &S Rishar 3 %2R0 29 19 20Rgeat g, ShPSt M 8l e are.
[0017] When produced by vapor deposition techniques, the ceramic
topcoat layer 20 is characterized by a columnar grained
microstructure with the columnar grains or columns being
oriented substantially perpendicular to the surface 12. The
columnar grains or ceolumns 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, wvapor 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 i1s 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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4 at substrate tenperatures ranging from 1700 to 2200 degrees Fahrenheit,
and chanber pressures of 0.1 to 1.0 mllitorr. Deposition tinme ranges from
20 to 120 m nutes using feedstock feedrates of 0.2 to 1.5 inches per hour.
O her suitable deposition techniques include thermal spraying, chem cal
vapor deposition, and other physical vapor deposition techniques,

i ncluding, but not limted to, cathodic arc deposition, sputtering, and
her mal evaporal) a1 &l LhE aNah0RE 190 LeACY N8ye ALADSORAL S Gl dRtipnal 1y
be used in all of these deposition tecthniques as known to be appropriate by
one skildedidseriedarove GOL/Maghér prodateddbysimporheeposiniqre

techni ques, the ceran c gpcaat, .l aver 20 is,characterized by a col umar

gr ai ned 5%%%%%% rﬁ%?ﬂ?% &#ﬁ pﬁﬁglgo u%ﬁ Frg?giﬁgyoga%%lﬁ%%ss ?ng oriented
subst ant ¢@hdys iperqrendirangy dso deke rdbefiaapotd. adlemagobsind@pogivads or
colums extend outwardly fromthe bondcoat or froman alum num oxi de scal e

|l ayer 189%RH e iuSSHUMHAUYY f6CRPdI8R FRECHORE0RPOBRf of &% or duri ng

deposi t i @nr@fs{die nLhf alfica el «2Qp HB pddebiABa ¥PAPOF €€POSidiOim
techniques that utilize nmeans to increase the nobility of vapor species on
the sub%ePeadEt gy fE@P U dd1SsFBger REEaBREAST8r afi ghsentrey alve.

| mpi ngengnl L fesUl Lo d 'qul%i&%%hte%ifi%&%%s%e&gmcﬁ&g%é ”?é- tnal L[ DAl Me] Y,
thermal | y Sprayed coatings that formby epositing Trquid droplets on the
subst r at &n hdve @ jpor oweschod .crlbst ectorie topspbsti hgyet 2@ndawilye pil ed frozen
splats Oéeposited 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.



liquid. These splats are typically mcrocracked 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 nethod,

t he bondcoat is forned by depositing the Ni-A-Hf |ayer 16 onto the surface
12 of the substrate and then depositing the platinuml|ayer 14 over the Ni 5
Al -H layer 16. The N -Al -Hf |ayer may have the sane conposition as

descri bed Y4pové S&%dﬂWﬁ¥>B% deposited using the technique described above.
The platinum|layer 14 may have the same conpositional range as descri bed
above and nmay be deposited using the electroplating technique described
above. The diffusion heat treatnent step is perforned after the platinum
deposi ting i t a . s.d Il a ferred
bondcoa% t & g%éé ?grtﬁgrggﬁg ESE?ESHE 'ggugS§§$ F%%?ﬁngﬁﬁgﬁéyh % % The
ceram c, é § layer 20 nay be deposited as discussed above [ 0019]

Sever al ® 5 hs coated in accordance with the present invention have
survi ved greater t han 1000 hours of cyclic oxidation in a burner rig at
tenperatures in excess of 2000 degrees Fahrenheit. 6 WHAT IS CLAIMED IS :

providing a substrate;

depositing a layer of platinum onto a surface of said

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

said Ni-Al-Hf depositing step comprising 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; 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.



1. Anethod for formng a coating on a substrate conprising the steps of:
providing a substrate; depositing a |layer of platinumonto a surface of said
substrate; depositing a Ni-A -Hf |layer onto said platinumlayer; said

Ni - Al -Hf depositing step conprising depositing a Ni- A -H materi al
consisting of fromabout 5.0 to 15 wo alum num fromabout 0.001 to 5.0

ai 0 depostbedtiayd Sre il A (Febicte N SRRl it M 1T

accor didegpd«a tailrat Blep Whekmt 1s&hi el sabsds Pdeingr exidi a8 #EMCDEPEL SE&S
providing a substrate forned froma nickel based alloy. 7 3. The met hod
accor diffg-d FRIShisRE e said plati num | ayer depositing step conprises
el ectroplating said platinumlayer on said substrate surface. 4. The nethod
according to claim1l, wherein said platinum depositing step conprises
deposi 4 ndree IniErodfaquatdingn tavémimal t hwicéness saidhplaangemof from
about 0,01 tgo, 1.0 ml. 5. The netgod according.to cla%nli where%n sai d heat
treatHﬂfPQﬁ%ﬁ}QQnég?Rx§9WQﬁ%ﬁ?ﬁ) SPA Do ot L Eh PF AP T AGATER RYVHRSsent
in an e EdaB aRpUhe. Fadde 70 W 2om Babdhie debNOdoaccerding to claimi,

wherein said heat treating
5. The method according to claim 1, wherein said heat treating

step comprises forming said bondcoat with platinum being present

in an amount from about 5.0 to 70 wt%.

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

in an amount from about 10 to 60 wt%.

7. The method according to claim 1, wherein said Ni-Al-Hf
depositing step comprises depositing said Ni-Al-Hf coating using

a cathodic arc deposition process.

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

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

10. 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 said bondcoat.



step conprises formng said bondcoat with platinumbeing present in an
anmount from about 10 to 60 wt% 7. The nethod according to claim1l1l, wherein
said Ni-Al -Hf depositing step conprises depositing said N -Al -Hf coating
using a cathodic arc deposition process. 9. The nethod according to claim
1, wherein said Ni-A -H depositing step conprises depositing a N -Al-Hf

mat eri al Qnsi st o} ‘s 1 9 1 r

0001 8 0 FErili Hrg A0 G o g R A g BRI g
to cl aiamderasier ediagpcatd drest dabdtbaoglosd ephaogps | seshbelaheng $ai che
substrate with said deposjited | ayers a tenperature in the range of from
about FFOt9% c?fab%‘iﬂm ??%@lt deg? e'%‘g %%Hsziﬁ]eit for a time period in the range
of fromabout 2.0 to 15 hours to form said bondcoat. 8 11. The net hod

according to claim1, further conprising applying a ceramc topcoat over
sai d bdritlcdihe matihms Rctpedirgstonciaitn Fhngehefeinopaddoueramdct o 50 il s.

12. The nethaod according to claimill, wherein sajd ceramc,__topcoat applying
Step COT s TAYIHG B aRr GAIE TERR oRP THand iy SoTAER nEgREPRE: he T ange
of fromabaw =3 thidkdds# 18 thd3radhe Bt hosh agisoidi Yot eocigimild, wherein
said ceram c topcoat applying step conprises applying a yttria stabilized
zirconia topcoat. 14. The nethod according to claim 11, wherein said ceramc

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

zirconia topcoat.

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

pyrochlore topcoat.

15. The method according to claim 11, wherein said ceramic
topcoat applying step comprises applying a 5 to 60 mol%

gadolinia stabilized zirconia.

16. The method according to claim 11, 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.

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

steps of:



topcoat applying step conprises applying a zirconia based pyrochlore
topcoat. 15. The nethod according to claim1l, wherein said ceramc topcoat
appl ying step conprises applying a 5 to 60 noll gadolinia stabilized
zirconia. 16. The nmethod according to claim1l, wherein said ceramc

t opcoat applyin p.c ris appl ying said topcoat using an EB-PVD

t echni que aﬁ%oyggﬁégyaf%ﬂ%%ﬁfaéﬁkitopcoat with a columar grained

m crostructure wherein columar grains are oriented substantially

per pendi cular to said substrate surface and extend outwardly fromthe
bondcoat. 17. A nethod for, fornin%_a coating on a substrate conprising the
steps of : 996PeFilGing & Subdt-dtfe laygFosintiongd SuGtage 9L 13844 onto a
surface of said substrate; said N -Al -H depositing step conprising

deposi subgtaaie; Al -Hf material consisting of fromabout 5.0 to 15 wt %
alum num from about 0.001 to 5.0 wt % hafnium and the bal ance ni ckel;
depositing a layer of platinumover said Ni-A -Hf |ayer; and heat treating
said substrate with said deposited layers to forma N -Pt-A -H bondcoat.

18. The net kad @eeendi-E RydAITIny s tee @nibr3d ihe WM ®ing 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;

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.

18. The method according to claim 17, wherein said substrate
providing step comprises providing a substrate formed from a

nickel based alloy.

19. The method according to claim 17, wherein said platinum
layer depositing step comprises electroplating said platinum

layer on said Ni-Al-Hf layer.

20. The method according to claim 17, 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.

10



provi ding step conprises providing a substrate formed froma nickel based
alloy. 19. The nethod according to claim 17, wherein said platinum |ayer
depositing step conprises electroplating said platinum |ayer on said

Ni -Al -H |ayer. 20. The nethod according to claim 17, wherein said platinum
depositing step conprises depositing a |layer of platinum having a thickness
in the range of fromO0.01 to 1.0 ml. 10 21. The nethod according to claim
17, wherei ppaaideheal acealding 3t @R G, Semh@iM N RAIHERoONdRAlify th

pl ati num bei ng present in an"anbunt fromabout 5.0 to 70 wt% 22. The

met hod s&eporceinpyisescfarming, saicr domdsgad madh woledtiinwn btiew comssdes
form ng_said_bondcoat wt lLatinum bei nhg,.present in an anmount from about
10 to 60 W/?mfgpgr%gof?etaﬁggmatgcgr &on‘jot g'téal‘ai m 17, wherein said N-Al-Hf
depositing step conprises depositing said Ni-Al-Hf coating using an
cathodi c arc deposition process. 25. The method according to claim 17,

wher ei #2saiTheNmeshods acgagedng §§ slédm dpr deredephsaid hipat Nixegtimg
Cori e . _ oy “po o 1 .
0-001 55" BRRiRaR Rorni B Baddl prackhe St nigh e ARG

to cl ailm &%, awbane frem cboedt 10r éat i60g witst.ep conpri ses heating said

substrate with said deposited |layers at a tenperature in the range of from
about 1200 to about 2100

23. The method accoxding to claim 17, wherein said Ni-Al-HE

depositing step comprises depositing said Ni-Al-Hf coating using

an cathodic arc deposition process.

25. The method according to claim 17, wherein said Ni-Al-HEf
depositing step comprises depositing a Ni-Al-Hf material
consisting of from about 5.5 to 13.5 wt% aluminum, from about

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

26. The method according to claim 17, 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 Fahrvenheit for a time period in the range of from about

2.0 to 15 hours to form said bondcoat.

27. The method according to claim 17, further comprising
applying a ceramic topcoat over said bondcoat having a thickness

in the range of from about 3.0 to 12 mils.

28. The method according to claim 27, wherein said ceramic
topcoat applying step comprises applying a yttria stabilized

zlrconia topcoat.
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degrees Fahrenheit for a tine period in the range of fromabout 2.0 to 15
hours to form said bondcoat. 27. The nethod according to claim 17, further
conprising applying a ceram c topcoat over said bondcoat having a thickness
in the range of fromabout 3.0 to 12 mls. 28. The nethod according to claim
27, wherein said ceramc topcoat applying step conprises applying a yttria
stabilized zirconia topcoat. 11 29. The nethod according to claim 27,

wher ei 2 9saiTthec eveduiniog] atqunmhitngapm yd Iregins t 2, odwepre isessaippl germynEe Zi r coni a
based _p rochl ore topcoat The, net hod C.COI‘dI to clai,m 27, wherein

sai d c&PRRCE AP GHSH P Core LT bl TP S TR ol d
gadO|I@y&dﬂHﬂaﬂé 1@§ngﬂ§on|a topcoat. 31. The nethod according to claim 27,
wherein said ceram ¢ topcoat applying step conprises applying sai d topcoat
using an EB-PVD techni que and thereby formng said topcoat with a columar
grai ne S [ te tantially
perpeng&og]uﬁgl% %%%gla:%%sg%%{ sur ace g%ﬁdq@%; ﬁgr d?rg'ﬁ)%m t he
bondcoatopcbat applying step comprlses applying a 5 to 60 mol%

gadolinia stabilized zirconia topcoat.

31. The method according to claim 27, 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.
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