CATHODI C ARC DEPGCSI TI ON COATI NGS FOR TURBI NE ENG NE COVMPONENTS
BACKGROUND [ 0001] The present invention relates to protective coatings
for turbine engine conponents, such as aerospace conponents. In
particular, the present invention relates to coatings that provide
oxi dation and corrosion resistance to turbine engi ne conmponents and
met hods for form ng the coatings. [0002] A gas turbine engine
typically consists of an inlet, a conpressor, a conbustor, a turbine,
and an exhaust duct. The conpressor draws in anmbient air and
increases its tenperature and pressure. Fuel is added to the
conpressed air in the conbustor, where it is burned to raise gas

t enper AEATHORKEARGYDERPSITION EOATHYGSF ORI WRBINE EQHINETC OME ORINET'S
gas turbine engine efficiency, it is desirable to increase the
tenperature of the gas entering the turbine stages. This requires the
first stage turbine engine conpomAtBGROUND vanes and bl ades) to be
able to withstand the therpal and oxidation conditions of the_ high
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[0003] To protect turbine engine components from the extreme conditions, such

components typically include metallic coatings (e.g., aluminides and MCrAlY coatings) that
provide oxidation and/or corrosion resistance. The metallic coatings may also function as bond
coats to adhere thermal barrier coatings to the substrates of the turbine engine components.
Existing bond coats are applied to turbine engine components using a variety of deposition
techniques (e.g., plasma spraying, pack cementation, and chemical vapor deposition techniques).
The ceramic thermal barrier coatings are then applied over the bond coats to thermally insulate
the turbine engine component from the extreme operating conditions.

[0004] Current MCrAlY overlay coatings offer superior oxidation resistance to single-
crystal nickel-base superalloys compared to platinum-modified aluminide diffusion coatings.
However, MCrAlY overlay coatings may exhibit an oxidation debit compared to different
metallic coatings on polycrystalline/equiaxed and directionally solidified nickel-base alloys.

Thus, there is an ongoing need for protective coatings that provide good oxidation resistance to



si ngl e-crystal nickel -base superalloys and to

pol ycrystal | i ne/ equi axed/ directionally-solidified nickel-base alloys.
SUMVARY [ 0005] The present invention relates to a nmethod for coating a
nmet al conmponent of a gas turbine engine, and a coated nmetal conponent
formed with the nmethod. The net hod includes form ng a cathode ingot
for a cathodic arc deposition process, where the cathode ingot

I ncl udes a an MCrAl'Y all oy base portion and a plati num nodified

al um ni de outer coating disposed over the base portion. The nethod

furt hefosh%gé-udga RELASLD el BOALS RILABRASINLARAREEGRAG L TR

nmetal c nen e ¢ € 1 ngot orma coat
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coating disposed on a surface of the, nmetal conponent, and an MCrAlY
al l oy overlay coating disposed OverF%?ﬁéﬁ, fer coating. BRIEF
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the base portion. The method further includes performing a cathodic arc deposition process on
the metal component with the cathode ingot to form a bond coat. The resulting bond coat

includes a platinum-modified aluminide buffer coating disposed on a surface of the metal

component, and an MCrAlY alloy overlay coating disposed over the buffer coating.

BRIEF DESCRIPTION OF THE DRAWINGS
[0006] FIG. | is a flow diagram of a method for coating a metal component of a gas
turbine engine with a cathodic arc deposition process.
[0007] FIGS. 2A-2C are sectional views of a cathode ingot being formed, where the
cathode ingot is subsequently used in the cathodic arc deposition process.
[0008] FIG. 3A-3C are sectional views of a metal component being coated with the

cathodic arc deposition process.

DETAILED DESCRIPTION
[0009] FIG. 1 is a flow diagram of method 10 for forming a protective bond coat on a
metal component of a gas turbine engine, such as a turbine-stage component (e.g., turbine blades
and vanes). As shown, method 10 includes steps 12-20, and generally involves forming a
cathode ingot (steps 12, 14, and 16) and using the cathode ingot in a cathodic arc deposition
process to form the bond coat on the metal component (step 18). The formation of the cathode
ingot initially involves forming a base portion of the cathode ingot from an M-chromium-
aluminum-yttrium (MCrAlY) alloy, which provides oxidation and/or corrosion resistance (step
12). As used herein, the term “M” in the MCrAlY alloy may be nickel, cobalt, iron, or a
combination thereof (e.g., NiCrAlY, CoCrAlY, FeCrAlY and NiCoCrAlY alloys). As discussed



DETAI LED DESCRI PTION [0009]FIG 1 is a flow diagramof nethod 10 for
formng a protective bond coat on a netal conmponent of a gas turbine
engi ne, such as a turbine-stage conponent (e.g., turbine blades and
vanes). As shown, nmethod 10 includes steps 12-20, and generally

i nvol ves form ng a cathode ingot (steps 12, 14, and 16) and using the
cathode ingot in a cathodic arc deposition process to formthe bond
coat on the netal conponent (step 18). The formation of the cathode
ingot initially involves formng a base portion of the cathode ingot
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during the course of operation in a gas turbine engine.
[0010] After the base portion of the cathode ingot is formed, platinum is deposited on
one or more surfaces of the base portion to form a platinum coating on the base portion (step 14),
An aluminization process is then performed on the platinum-coated base portion to form a
platinum-modified aluminide (PtAl} coating that is interdiffused with the MCrAlY alloy at the
surfaces of the base portion (step 16). As a result, the cathode ingot has a PtAl coating at the
surface, a base portion derived of the MCrAlY alloy, and a compositional gradient between the
PtAl coating and the base portion that gradually transitions from the platinum-modified
aluminide to the MCrAlY alloy. After formation, the cathode ingot may then be mounted in a
chamber of a cathodic arc deposition system along with the metal component to be coated. As
discussed below, multiple metal components may be simultaneously coated in the cathodic arc
deposition system using the cathode ingot.
[0011] A cathodic arc deposition process is then performed on the metal component
using the cathode ingot (step i8). As discussed below, this forms a bond coat on the metal
component that has a compositional profile that inversely corresponds to the compositional
profile of the cathode ingot. Thus, after the cathodic arc deposition process is complete, the
resuiting bond coat includes an initial layer of platinum-modified aluminide disposed on the
surfaces of the metal component, a compositional gradient that transitions from the platinum-
modified aluminide to the MCrAlY alloy, and a bulk exterior layer derived of the MCrAlY alloy.
This combination provides good oxidation and/or corrosion protection to the metal component
regardless of the microstructure of the metal component (e.g., single-crystal and polycrystailine/
equiaxed/directionally-solidified microstructures). Additionally, because platinum is a slow
diffusing element, the high concentration of platinum at the surfaces of the metal component
reduces the formation of deleterious phases (e.g., secondary reaction zones) near the surfaces of
the metal component.
[0012] After the bond coat is formed on the metal component, a thermal barrier coating
may then be formed on the bond coat to thermally insulate the metal component during the

course of operation in a gas turbine engine (step 20). The MCrAlY of the bond coat accordingly
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bel ow, the cathode ingot functions as a source of the coating
materials used to formthe protective bond coat on the netal
conponent with the cathodic arc deposition process. This allows the
bond coat to provide oxidation and/or corrosion resistance to the
met al component during the course of operation in a gas turbine

engi ne. [0010] After the base portion of the cathode ingot is forned,
plati numis deposited on one or nore surfaces of the base portion to
forma platinumcoating on the base portion (step 14), An
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remove any residual impurities and debris. For example, surface 26 may be grit blasted to
smooth surface 26, and rinsed clean with a solvent (e.g., acetone). Suitable grit blasting
conditions include a 240 grit size blasting media, a presswre of about 275 kilopascals (about 40
psi), and a duration ranging from about three to about five minutes. Surface 26 may also be

electrically cleaned using an alkali solution. Suitable process conditions for the electrical



formati on of cathode ingot 22 pursuant to steps 12-16 of nethod 10
(shown in FIG 1). As shown in FIG 2A, cathode ingot 22 includes
base portion 24, which, as discussed above, is fornmed froman MA'Y
al l oy. Exanples of suitable conpositions for the MCrAl'Y all oy include
chrom um concentrations ranging from about 4% by wei ght to about 25%
by wei ght, al um num concentrations ranging from about 5% by weight to
about 20% by wei ght, yttrium concentrations ranging from about 0.1%
by weight to about 2.0% by weight, and the balance belng ni ckel ,
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[ 0018] The el ectropl ating process is perforned for a duration, and
with a plating current magnitude, sufficient to build platinum
coating 28 to a desired thickness on base portion 24. The average

t hi ckness of platinumcoating 28 is represented as coating thickness
30 in FIG 2B, and is neasured fromsurface 26 of base portion 24. As
di scussed bel ow, coating thickness 30 affects the anmount of

pl ati num nodi fied alum nide that forns on the surfaces of the netal
conmponent (not shown in FIG. 2B) during the subsequent cathodic arc
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coating :MZCItAh‘éta lesxdtietsp the l%ife@éfﬁﬂé@@r tional gradient that gradually
transiti e Lr om t arrllﬁmzwogzrp&gr inSfloPpeBtdadeitt Ovrieey maahmuat huey as
i

due to the terdi TTusion The ‘al um ni zati on process m@é 1
per f or medrapririphase ahaminigetjorof R@cl?fﬁ@ftﬂwéspa%&&iﬁﬂ&%me}dﬁ gesisfad chiemical vapor

al uni ni zat1 on, | YRAsBY. 085 S5865p1e ARGKVER BRIEA! L0 AP 6 E35@Scludiigbase portion
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24 and platinumcoating 28) is placed in a container that includes

al um num and the tenperature is increased to vaporize the al um num
Exanpl es of suitable tenperatures range from about 815C (about 1500F)
to about 1060C (about 2000F). The vaporized al um numthen deposits on
pl ati num coati ng 28, thereby form ng a two-phase al um ni de coati ng.

[ 0022] Fol | owi ng the VPA process, the coated cat hode ingot may undergo
one or nore additional heat treatnent processes to interdiffuse the
al umi num the platinum and the MCrAl'Y alloy. Exanples of suitable
tenperatjre I heiadedtii gRal g dindif@AMARRIudRE ACAFTIRS addthe tethPerature
t enper a%ﬂ?“ed:pl%tgﬁg}%gtl_&?o%'a%out l930(131 (labout [ 700F) to about 1Q90C ¢
(about R0OQEE)sed wd vApguie tthe aluauinugn. s Brampieseok BigRle JEmpeaduTes fjsh dof aifv
about 104, b bBOQF ﬁbﬁl’(‘gbdu@ B63° £ DR vab S TRE alurfx R Blca slepdsits
sui t abl glggr(é%uggéoq %%gu%gﬁtglt{)@ east a%out )gne_ .h\z)tkjr .. Wth particularly
sui t abl en @latimirh onsing 2Rghergbyf fooninals dtie-Phase alvpinide ¢81BHout four hours.
[0023] T umi ni ion e & RHRAE IS mA) Sndefidt drRULGnore
unti | a?@]&a red a%’glt?\n”n &Qa(}/ll%‘nﬁtr?ﬁ%]&i I's?ll'; g%gggsi ted g%t%omp. atinum coat i P\g
28. The ad@geHd hawg reamesriasies fsintekdiffisstthaelnmimprpths plaivam #yl BoMidg
vary dependi on coati.ng thickne 0..of LN GORLER B raBsdes HRWRe
in FI G 289y %gﬁmgﬁs Pﬁém uREP %lfim;eﬁu% %‘%nﬁdg{a‘ggﬁqﬁur i 95? thg)r " _
al uni ni ZahpeRinRs GEERE. frdnx abgk 630°F (abwiittZN0°F) soateuhi IAFE SreupP000°E), with

platinumin PtAl coating 32 range from ab 9 i o
60% by \Béfttjﬂlla‘,'ly\ﬁ)i“ﬁ%?eptﬁﬁ"gf“émeﬁr‘P%l%lﬁ?rﬁb %&(L:ﬁtgﬁgbeén r%%ggg%%?&%@? ?éﬁ?ﬂ?
in PtA Goat 1978°82 Bxamgicn of fuitaste anatidns 25%doyt leeit gbdut bue dvo ritheBYdiprly
wei ght, where the concentrations are b%set%) 9{1 t_peur;t otal weight of the
pl at i nuretEshde STeliAnR IARSMEGPPRASITIHOAPS O PHRMT 1K ’kFess of the

coati ng'{@bﬂﬁ]d up ehovtiilRat@hi idnigdat hesakhioprocdssesuaré aortirRed (stibwrdesired

with phantomline in FIG 2C) may also vary. dependin 2 1 hi 3
of bl ot smawntoBURHGEBIS SARoRiRd CHoUHE C R A ol Sa e Gh Fags o
the al umnig ith@Ap(:fo‘aﬁSgsﬁ m@{ Jar9 AefdAink RW@bAlIng uliviaress Ir dipldtinum coating 28

conditions of the alumnization process. The average . thickness of .
coat i ng-eawrdinuiG- 28) rad o rtegl appEnof ﬁ%‘“ﬁ?q‘@ﬁﬂ‘gﬁd C[“B‘g%tﬂ?eoﬂu%\‘m ao'} 815%&8

26, is rgpresentad.as. caabhitfiohdbeBGES JOPIA bhihg RCrankx &opl @ou0$% by
sui t abl eﬁ%éﬁel%ng th?og?(nesses 1f%)G after step 16 of nethod (1?8 ilncl ude
platinum in PtAl

t hi cknesweightrtarapwigc0 & gt Wit patiewlahs pHiagler ONcHRgETons
mocrometers, W LN, patilCalar jsvfz,l btighl 18 abdlit SENGSSASgH ANGHGe EoeBtrations

about 50°%H ¢ on@p%‘?g to about 0 mcroneters, depending on the

desi red meatiedgn tifviteteheeighiof thetrdatippmpan alminyBo25] Af t er t he
al um ni zgt.on process. k , st @nele aat & i lw@0dn of
ﬁé@é& h umﬁ@lljzltﬁ% gﬁé@& oft 1€ EAMRIRIIE u@t R e el ilegeén o

22 inclu e a ase portion 24, . .
pl at i numuIRe: 6 edoah witnplaetoat LRt AIFIGo3E) may 39 vadeaendgpyshickesnpo of

gradient that gradughly L ansidboSfRMebdRe Pl RIRALAIiGbrocess, and

al umi ni d& _ '
on the inward/outward growth conditions of the aluminization process. The average thickness of

the coating-build up, as measured from the original location of surface 26, is represented as
coating thickness 36 in FIG. 2C. Examples of suitable coating thicknesses 36 after step 16 of
method 10 include thicknesses ranging from about 10 micrometers to about 200 micrometers,
with particularly suitable thicknesses ranging from about 50 micrometers to about 100
micrometers, depending on the desired coating thickness on the component.

[0025] After the aluminization process is complete, the composition of cathode ingot 22
includes the MCrAlY alloy at base portion 24, the platinum-modified aluminide at PtAl coating

32, and a compositional gradient that gradually transitions from the platinum-modified aluminide
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of PtAl coating 32 to the MCrAlY all oy of base portion 24 (at
transition region 34). The conpositional gradient of transition
region 34 extends in a inward direction (represented by arrow 38),
and desirably exhibits a higher concentration of the

pl ati num nodi fied al um nide and a | ower concentration of the MCrAl'Y
alloy (or is substantially free of the MCrAl'Y alloy) adjacent PtAl
coating 32, and a higher concentration of the MCrAl'Y alloy and a

| ower concentration of the pl atinumm)dified al um ni de (or is

substantially free of the platjnum @‘S i ed al um ni de) acent_base
portion %4 mﬁ(?@%ﬂﬁ%“a%r‘%&é“t thllenek 8ass PoftioRn< (4t 6&?“?"% g®long34)g The

repr esen&&%o@%oﬁz@%}m& Rt Glaf @SS redni 1 Bltbads A BAGkd SirddBaS %ﬁ@seﬂﬁ:d by
t he regi on ‘where e conpositional gradient of the MCrAlY alloy and

t he pl at #FRT Hodidrdesigrbay wtntis adighgr cangentrefien efghpplaiinungarifigd éBI‘P’@HE’e and

and regi QnoddM EkBessHd0oM VetXdengneing sQEbtatnh@li)P%Q'OY'tlﬁEqM@fM‘P h&loy)
al um ni zati on process. For exanple, in enbodinments in which

al umi ni zadidcont BiAdcensting Sguknd aj ghernedngeniatien @f ﬁ’ﬁ%&i{%\r‘?\lﬁeﬂﬁé’eﬁ‘d‘[ pdower
pl ati numy nodi f.LE& o8l ﬁhﬁilﬁ'ngﬂbq %IW Aﬁi Y(o?'zé Qﬁfbstaﬁﬁglypﬂeé m’ (il rrgl%ﬁnlﬂlq)-
of transition reglon ternatively, I'n ts

i n whi chmptifedl umnﬂeaad}a@mt psopetenPhsults in a strong i nt erd| ffusion

b etween L&ﬁ%@pl at | Wg}a?%% tfu‘éﬂxe@g %ﬁélg& égﬂnl%ar g%%lﬁ!d % J‘eg%’rj tlﬁlagfegsrh()

t hi cknes of trans regron

one enboihi FENLC, aneé g mcasudaﬂ eskﬂhemmovlm Tlh.e etypasitioorasives Oﬁ-‘thﬂM%ahY Aly
32, therehy, all ow n YriteQ " . f .

cat hode |rhdyﬂ o) plﬂtimmt %ﬁﬂ%%waﬂsg%%séetg g gg@é&s‘?ﬁ%@#ﬁﬁ%?ﬁ?#‘%ﬁﬁ%glﬂa&e% 40
pur suan{ xﬁﬁp @Iﬁpi%pe‘hﬁmkGomfthtr&mhmdoﬁbO pf ¢l [aﬂdemizzt@?t pi22espay Fe erpopit,eth
in a cathodic arc. n_s oro [ .SUi c r
deposi ti BR RaII fvﬁlcS’F té%%kﬂﬂ'“fl#n Ocﬁﬁ)ref gtls ‘%ubr%il‘g 3?1? J%ﬁlglon el He
form ng plaﬂﬁmdrrmﬁﬂiﬁad ahaiinigh anthe MAErAG’ aﬂ@ myibrﬂhi&’eﬁeﬂi 4@:0ﬁt|lmﬂmnh ré oot 34
shown in FI%\ lhe av\gllcatl ?oftt e “g lfled alumggl.de
to cathoth®i ﬁgi@? Lo Aligmel bppigteats g yareBRd “é*B&‘tZ"‘ {98 BRoFHFHUE Brf
t he met abirga@peRemision Sebvénsh glatmaiintvatiied smntinidepas ilte DICrANO eSS region

Thi s reduces the costs_ .and Wor | evel eq red t rovi de,oxi dation
And or cINFBET I G SHGh e T hiek be B areh EC e ST GRBPireR. ion

engi nes. R3] 4ol %rel?“%na&‘n &s FeAT b@ﬂak 32| ewsseb@falmrag the OMEeRN &ilé21o
which illustrate the of coating nmetal conponent 42 pursuant to

st eps 18€7§Wt2@'€o°’Prf?f=’§tqf6ﬁh‘1@“(‘§ﬁ%m in FIG 1). As shown in FIG 3A,

metal cofgpenent 42 d Hedudsdaabsit) aftéiabeingd fhrmvdh E@d@udns tcﬁstg(}ébﬁi—r@bﬁn@fho@ 10,
gas turbine engine cogrgonent e.g., turbine bl ades an

Exanpl escaslpodgmmaoa% BAWRE BIONBES 1 %)?a“!,‘lﬁitfsatl? dengsizian ?Sﬁiﬂlh@éOWF“c%&‘&Pb'ﬁa@@H’a'
super al | oy, 46884 sﬁ?e%gqn&lé%wnl fqaz;SQC)aﬂafds&QéE%m&é RSrmibHEHeRf soatlae:

may al so I'nclude one or ‘'nore additional” materials such as titanium

chr oni unshosinolyi Bl 2RAfoni aimetal spampengny (nebPYayae UG 2ingstherapphsatinn b ife
car bon, gndnli f:thH BRLigkHE to%%tl{ﬁag ln%gte?? AS0E @%hﬂﬁe-la‘%‘ﬂ HoRd | 'c§at@o be fo;*med

surf ace e coated wt coat (not” shown in
pur suant ot @esmgy oBpehentatitiorsingle cpbodio prrdepesitian ety Hoi n@d@aea the gosts

cat hodi ¢ aid] &01%?&%&%41&@(1 B fﬁB\%H% gﬂ@é’cioﬁ QQ(W&) corf3816n REistance to metal components of

gas turbine engines.

{0028] FIGS. 3A-3C are sectional views of metal component 42, which illustrate the
method of coating metal component 42 pursuant to steps 18 and 20 of method 10 (shown in FIG.
1). As shown in FIG. 3A, metal component 42 includes substrate 44, which is a substrate of a
gas turbine engine component (e.g., turbine blades and vanes). Examples of suitable materials

for substrate 44 include nickel-based superalloys, cobalt-based superalloys, and combinations
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nore surfaces of substrate 44 may be masked to prevent the fornmation
of the bond coat on the nmasked surfaces during the cathodic arc
deposition process. For exanple, the roots of turbine blades and
vanes may be masked to prevent the formation of the bond coat on the
roots. After substrate 44 is nounted in the chanber, the chanber is
then desirably filled with a carrier gas (e.g., argon) under reduced
pressure (e.g., about 10-2 Ton). [0030]FI G 3B shows netal conponent
42 with bond coat 48 forned on surface 46. Bond coat 48 incl udes

buf f er Cil?e?édfn&cﬁ%ay tafs%niﬁbltu‘.ié)QneCQLahbf&gadﬁaronﬁWQat@ﬁlﬁ§ lsddh £0@hhing, Stomium,

where bufter coating i's an inner coating di sposed_on sur f ace
46, ovemicbjunedating @ntalu@, anplhderym, wmem Awpisyme gabengnd fpp Substrate 44

transiti, Qaua%‘[?@ﬁxjf& 4§2wln%hasna [RArXC Fﬁ%ﬁﬁvﬁf & &Rk er'@t\ﬂd%ata{not shown in FIG.

conposi t1 onal ~gradi en at gra y transitions fromt
pl at i nurdAypdishingtb seuhd mﬁml@h@fl%uffer coating 50 to the I\/CrAI Y al |l oy

of overl Oat' ngn? o p 31‘?131? WaSHaN st i S € Be d’gﬁé‘é@% ?ﬁ t%ﬁ)ﬂwﬁ’:} one or

cathodlé dep05| ocess 1S perfornmed 44 usi'ng
cat hode mang@mf?ﬂsas 6B bubsinate A4 Fag be 3@skedoto fporventabe dorowstion m%the horA¢dabere the
46. Durin at hodi c arc d 05|t|on L , ri C

(o g apBite Sbinpered™ GiRire st uBharaly B Bl ht Fourd it
cat hode tﬂide‘sf hﬁfl et eny the ;mkdfalo:d@mvngahe RPmatidn o thmtimﬂes)a’amn b oty | Afdr

arc that ont| ousl contacts the surfaces. C n
t her eby ?‘i'iaﬁ %g;strﬂ% nltFélt:&lt ¢ &hag{bg%hea%hap er %gllleﬁ}tagésnb % g%,ll cp\%th g?f‘,ﬁmel gas
net al | i qeigQRfzohn@idenfedudea brishrafes. tmbastxeaTamgay from cat hode i ngot 22,

toward substrate 44 negati ve, bi as n fro, -

vl ro BB <1665 RO whGLeh Rty Btk AR B B AREM, gieRe <6
accel er aggdt dege a8 ticaekd @lﬁff@fcoﬁth@ e trahdition do@fn’ﬁg i¥a) a&ﬂbﬁéni@t@atﬂlﬂg, 54T here
nmetallic ions then deposit on and bond to sur substrate

o o ipta CesbiaE J06 o G0t AT AL oG e et B Ecs T & e sOE S G outer

cat hode jgRty 2Alol NEdatHES afcherallitid Yo@lhlz0y2 af QﬁSSteﬁﬁHdidt@rboafhg hh&ng a
pl ati num nodi fied al um ni de at Pt Al coatln%%SZ and aﬁ&EEEOSItIO

gr adi ent camposifigna istadisat hatgragaliv trangitiogs, kpm theRlatigii-mg loEiide ”g?r

the el eC&Jahfeg%o @rtﬁemdm\f Aoy Stolah® cBfingahode ingot 22 initially
cause mefallic ions of the platinumnodified aluninide (from PtA

coating B231lt o forfwrsame t@nets@sl,stof sthed 4 atodicae flenogifen prpcess Ayperigrmed
form buf gr?gubgﬁ)ﬁé M‘gmﬁg cathode ingot 22 (shown in FIG. 3C) to form bond coat 48 on surface 46.

During the cathodic arc deposition process, an electrical current (e.g., about 300 amperes to
about 400 amperes) is relayed from a cathode of the system to cathode ingot 22. This induces an
electrical arc that continuously contacts the surfaces of cathode ingot 22, thereby ionizing the
metallic atoms at the points of contact. The metallic ions that are formed are blasted away from
cathode ingot 22, toward substrate 44. A negative bias (e.g., ranging from about -10 volts to
about -100 volts) is desirably applied to substrate 44 to accelerate the attraction of the metallic
jons to substrate 44. The metallic ions then deposit on and bond to surface 46 of substrate 44 to
form bond coat 48.

[0032] As discussed above, the composition of cathode ingot 22 includes the MCrAlY
alloy at base portion 24, the platinum-modified aluminide at PtAl coating 32, and a
compositional gradient at transition region 34. As such, the continuous contacts of the electrical

arc with the surface of cathode ingot 22 initially cause metallic ions of the platinum-modified



[ 0033] As the process continues, successive surface portions of

cat hode ingot 22 are bl asted away, which exposes the underlying
conpositional gradient of transition region 34. The continuous
contacts of the cathodic arc with the exposed surfaces of transition
region 34 formnetallic ions of the MCrAlY alloy and the

pl ati num nodi fied alum nide in accordance with the conpositional
gradient. These netallic ions then deposit onto buffer coating 50 to
formtransition coating 52. [0034] As the process further continues,

t he conpgsi ti of d [ [ 46 j

Fol 1 ow ¢ A8 AT EpSBRGRf o 3 B BB Hhisg S0 TG ¢ B o
gi ven dubefer omting b MCr AlY al |l oy of base portion 24 is exposed to the

cat hodi c . The .conti nuous contacts of. the.cathaodic arc,with t )
corfaces B hase. (SRt GRS oaRRlSerBritie NEHER SPASKE Bl Qefios? ore
whi ch depiastd aveiyt @hich anRists thausteaying gorbRositonilaradiaw ef rangitioo atgiongB3454The
The process may contin until. a desired thickness of overlay.coatln
54T o SCHTBURY cORAhEE e CRBOd A b e OB RIS SRR (28 o e o
i ngot 221115@11@@1'% dteRl MCﬁdh Y ilﬂ?%ﬁﬁl/ﬁfet)lﬁﬁtglhﬁlanﬁcaﬁmﬂﬁiﬁin@d’emldmh td @hh the
process is conplete, the resulting bond coat 48 includes an injtial
| ayer of CHHROSIPER iR o Rese dretf s e deposit %ﬁ?#@%%&%«?f%é%@) form
di sposedtrgﬁj@%{,a@ﬁgsg}ﬁ, a conpositional gradient that gradually
transitions fromthe platinumnpodified alumnide to the MCrAlY alnl?gy
(i.e., tFO934diti onAsdhe PrRryessoyrtheepnippeaxiie CPHPOTLRPe?! bindieat fiofoxmed on

al l oy (I gfface W &tiAKs &P RIbRIhObhpoiitiorH] ?%Maﬁ@@iﬁgot@bi Thus, after a given
conbi nati on provides good oxi dation and/ or corrosion protection to

subst r at @uradpns BgdiardE el of heserrogiasttinexrese! Brtha eaadicatre 4he centiguous
si ngl e- crystal ool RBodi¥ Gy i the 'sﬂfﬁe@ﬁ‘f‘ bax e et ?&tfér?ﬁﬁ]le{a}’i'csighs b?the

ified mcrostructures). Additionally, the conpositional gradient o
transi ti dMfrébaslioygwhieh genssit dets tangtignoregting12dp x5 et (vadO PRI DHEL e process

buf f i.0q: f y . .
urter C&%@gm@uﬁng RUELd @18 LE %nﬁﬁlﬁ%@g%g],fwﬁe@sa,r@gﬁ?; thb CupBeof

of the cat C arc deposition process a ondlcoat 4 0 be
thin, thtedyrAdlibEtaintcatibdsyingotaddesdmeg deeed.ati gue properties of
netal co ent 4 j . t i . i
engi ne. DRap! e Qi eb e AplR FOUERGA pARRL X o o S8Rl R s
surface #6ludés suibisinlrlayee off thepdatigemfmatifiedodwnine (ind. cndletwetisg 6@) ddposed on

200 mcroneters, W th particy Y. S Ui ing.
2bout | S0SEES anep ePPeSRis it bl Rl g BRI ESREEIT I BApRE-habi
di scussi elnméfidd theheddChaldi dlogr(ice. degpesisivt c@ning fcasisiniestermadiayssiof khe MCralY
reference,to.a single tal, C onent. (i.e... netal conmponent 42)... ..
CCep 16 SHovifn iy Sy QRRAGH #5Einir TPREhafR e aR aopt bycaton
bond coatndd&)cofrbsitiipibieplich torligdraecipegedies oftliemiarcsturgire of aitbkioxdé 44 Gre,
deposition process. In this enmbodi nent, ch.of the.nmuliiple netal
conponen ?‘Eglgﬁi?’ Sﬁg ntﬁﬁ‘ﬁt edPf IP{C‘éS@ﬂHg?@laéﬁ‘ﬁﬁbe(ﬂ‘%’lagﬁgl&gﬁ%dts i i BRCOSVEFREY-
t hat i nclaygigisn4a} fhedemprganaladidn dangilie ahtity SUploallkea Syatgeinefoating
nmounting nultiple ta coggongnts is di sgl osed in Beers et al., US.
Pat ent NBondgensegn bwiger ceating S and Ryglay 592G Yesirabl y nounted in a
central [gegtion rrakBdineg:, iR usber PRl deldabsifanpontntisowstboad ey 48 to

provi ding a direct access_  between cathode jngot %2 eﬁﬁgd each 01 rEh_.e
met al  coR® Btk iegeby ppkstantiply pr&ﬁﬁﬁ%@ﬁtﬁg‘gﬁﬁ?oﬁ rfies ¢ dneia) SARBEenpA2 during the

rot at abl gy £eE)Qp¥ifich MOHEH: SurbiMaict find! E%é%ﬂﬂ%hi%l&%ﬁ@@ €ficl@bsst®r bond

metal conponents to face cathode rngot 22 during the cathodic arc

deposi ti 6oat FﬁrSg@@Ssg:_rface 46 of substrate 44 range from about 25 micrometers to about 200
micrometers, with particularly suitable thicknesses ranging from about 50 micrometers to about

100 micrometers.
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[ 0038] FI G 3C shows netal conponent 42 with thermal barrier coating
56. After bond coat 48 is formed on substrate 44, netal conponent 42
may be renoved fromthe chanber of the cathodic arc deposition
system and thernmal barrier coating 56 may be fornmed on bond coat 48,
pursuant to step 20 of nmethod 10. Thernmal barrier coating 56 is a
ceram c coating that thermally insulates substrate 44 during the
course of operation in a gas turbine engine. Suitable materials for
thermal barrier coating 56 include zirconi a-based materials, where
the zirgepzg is degineahd ¥odvedikh@bnWrtihe eurifddabirt idg@sition ppsceyeistmddBevith
formati on of a nonoclinic phase, and pyrochl ores, ExanPlng‘ 0 .

sui t abl aefereas to z eingle inkrgal Ga@PYRENT (L&, MFEH GPPPATENT 42 T5Ra! S plgpptgod 10 is also
MRGNEST a1 cf QAR Ralk NEE End LAORILTRAIMEN mbRI édndion6RabANY shle
may be forned on bond coat 48 using a variety of deposition

t echni queethodisieeh depnsision Precess- bBaiHsprRkedinant, capib Pt e gpuiiple opetl memporsits
plasma s ' i | deh Qi ' E RRgitk OMn
Exanpl ean%?yesﬁ?{;ﬁ%q @%%ﬁ@?%gght ?gﬁnegg&glson?sggeﬁﬁg%%ngillﬁggrﬁ}i“g? c%dati ng
56 r angesxbmpin alrowitaldls sydten dereneunging ondtindumetn! cUMPORERP dnditdessd IHBEHS ot
particul arly.sui e t4,pg I : i 0 ;
m cr orretaZ'r g%‘oy%%ngﬁo' % h?’ g'r O(;irz@kogr%gﬁ?o Z? t§ eIE %? ﬂ%?%alﬁs%d??egkg%%? iiorg oo
56 is faoehEd tanékahouncdpoeteintomiRnerdsy thamehor gyovidng aoiirmba@eqsd@twe@a@@ﬁ%n@e

processes d h be .install i i i
A Chougrnbne et B mree e hiofibSlis g s82F cpHESHER FOHI e molRePlo
pr ef er r e@dieibin devadning monptskehieh skibwvl @godimg suréacey of the Inhetsl cooganags tohfage

changes be made in formand detail..wthout departing fromthe
spirit a%g}ggﬁﬂ'tg@t dw&‘kﬁ%‘%w?l"&h‘%ée?f’%??ﬁR{a“*‘i%s-cat hode ingot for a
cat hodi c[ggs8 depogiGi T siyvwaaeas!, cohfpenaatihodid thagek bacderppatiigy. shfradend

portion and an outer coating ,di sppsed over. the, base rtio rei

t he base§3bft ISJﬂm&PHr?ﬁrSPE%‘?tegligP Wfﬁﬁ‘f“?‘pﬁfl?"gﬂz i op ﬁeénoé’ggg mctg% i Wg’es&ﬂhe

g onpri segyiRldat 4 depodiR@h E&@an,adn:d ﬁhdﬂhdlejai'mdoqlﬁlﬁfﬁﬁﬁmm f?ngat $rolgting caatcts,
eposition process on . the netal co nent Wt he cat hode.ingot to

form a bpterasbBistepFH imsthing: 105 Tﬂ?ﬁ‘f“gglgarﬁ‘ﬁractof‘% %ﬁtlg58?8‘3'Coﬁ?atﬁq%[ﬁ?tft%@a“y

of the nBL@htes AFRRE N dudEihe QBRES 61 di@rafibn i@ E4s tarbperdnpian. Ghitdbtematerials

pl ati num nodi fied al um ni de of the outer coat] ngl of tlhq cat hade abl

i ngot ; afwd thasmal/karrienycoang S Eiele Bl bivet mpisaalsNes TEFHePHy 1 dashebly

conpri si ngﬂﬁ%d L &ash stbRREL OPre®dnt e fiMrbtnYoh nhodlinid BRasbas® PRGN cE:.

of the cathode ingot. 2. The nethod of claim1l, wherein the cathode

i ngot f uExavenle ofppyibls Atabiliagisi MPfe rBgidoeapinfe efpltihe SHis eMpFIF oY

and the 9&1}1&%{1&%99&&&%{ the transition region conprising a

conposi trona gracll ent that transitions fromthe platinum nodified

al uni ni dgH038] t he Jlitesnalcmatisrrgating ¢ maybe Apryned| quofengfeophds pgag 2 variety of

port i on. 3...Th i I, i .0 Ip‘. I; lasma

conpri segepé’ SEP gﬁggﬁc@ggc%g}% %%gél%?lé%oﬁggg pglséét??/\aggﬁp (?hg%gg? fgﬁer(éjgo;{]?) né) .

and the epey, dymiahvipog depdsgionr amb tathaiic e atepenifiono ipramplaspigsuitable coating

comos!thodako L9, Pl 95 SO CRpLIGR M BSSLLRIELIES e v

coat i Ng. micrometers, with particularly suitable coating thicknesses ranging from about 100 micrometers
to about 500 micrometers. After thermal barrier coating 56 is formed, metal component 42 may
undergo one or more post-coating processes, and may then be installed in 2 gas turbine engine.
[0040] Although the present invention has been described with reference to preferred
embodiments, workers skilled in the art will recognize that changes may be made in form and

detajl without departing from the spirit and scope of the invention.
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4. The nmethod of claim 1, wherein form ng the cathode ingot
conprises: formng the base portion of the cathode ingot; formng a
pl ati num coati ng on the base portion to forma plati num coated base
portion; and perform ng an al um nization process on the

pl ati num coat ed base portion. 5. The method of claim4, further
conprising performng at | east one heat treatnent process on the
cat hode ingot after performng the alum nization process. 6. The
met hod GFAIMSEi m 1, further conprising forming a thermal barrier

coating over the ,ovenrl ay. c ing. .11 A h for |.n t l.east
one negal conponghgggpaébbgg%Pﬁngﬁgd§ﬁ%¥§%?Pgﬁg§ﬁ§ﬁﬁ%secoﬁ%?i?Fh%$HMd
f or m ngoampgkiagi num coati ng on a base portion of a cathode ingot, the

base portion conprising a Al Y alloy; .alum.nizjng the .
it i hum coat od FAERHOCRRRIF G0 BF eaTiogRrEs CRRIoRgrofesy decer e ingor

the base portion, theg @ghégc%tagéﬂgoﬁgﬂ%hsammtal ating AP f dv@H the base
alum nide; inducing a cathodic arc to contact the outer coating of
t he cathode ingot, theewby Weerginnge rhasappition|wmprigds #thdICrAlY alloy and the

o o 741U o R DI, P 11
performing a cathodic arc deposition process on the metal component with the
cathode ingot to form a bond coat comprising:

a buffer coating disposed on a surface of the metal component, and
comprising at least a portion of the platinum-modified aluminide
of the outer coating of the cathode ingot; and

an overlay coating disposed over the buffer coating, and comprising at

Ieast a portion of the MCrAlY alloy of the base portion of the

cathode ingot.

2. The method of claim 1, wherein the cathode ingot further comprises a transition
region between the base portion and the outer coating, the transition region comprising a
compositional gradient that transitions from the platinum-modified aluminide of the outer

coating to the MCrAlY alloy of the base portion.

3. The method of claim 2, wherein the bond coat further comprises a transition
coating disposed between the buffer coating and the overlay coating, the transition coating
comprising a compositional gradient that transitions from the platinum-modified aluminide of

the buffer coating to the MCrAlY alloy of the overlay coating.

4, The method of claim 1, wherein forming the cathode ingot comprises:
forming the base portion of the cathode ingot;
forming a platinum coating on the base portion to form a platinum-coated base
portion; and

performing an aluminization process on the platinum-coated base portion.

12



one netal conponent to forma buffer coating on the netal conponent;

i nducing the cathodic arc to contact the base portion of the cathode
ingot, thereby formng netallic ions of the MCrAl'Y alloy; and
depositing the netallic ions of the MCrAl'Y alloy over the buffer
coating to forman overlay coating. 8. The method of claim?7,

wherein the cathode ingot further includes a transition region

bet ween the base portion and the outer coating, the transition region
conpri s¥ng a conpésimeathodal clmdhi Exther prraprisingrirorong ot fomh aigeat treatment

platin 4 1.0l : I - he MCrAl'Y al | oy
of the a%gsd%%{rhtg ig%tﬁé?%&t%ﬁgp#égoﬁw%g%géF%?%%@P tor%f' Yer conpri si ng:
i nducing the cathodic arc to contact the transition region of the

cat hode_ingot, thereby formn tallic ions of the Y all oy .of
She Crdnst e on bt Sirhog Taat g Riefber tehapr i Rimine G Periel Mot SOHaE over
al um nitgeo@klal Beatingansi ti on region; and depositing the netallic ions

of the MCrAlY alloy of the transition region and netallic ions of the
pl ati num nodi fied alum nide of the transition region over the buffer

coating;to forma fr il Ol {.ng- T 0 ' :
wher ei gi'f orm ng ?he e%lggtfgjlnu%tlg%g% }eﬁ% R jntg)%%l '%gnggﬁ %)Ig?)? iaoé%l > g’%r%%nﬁmé%gme’ the
cat hoden¢thgbtonguispgi ses el ectropl ating the base portion. 11. The

reC e oF ! a1 faf L3RG RTRS kDB SR R BEborio
pl ati num coat ed base p&npiify an MCrAlY alloy;
aluminizing the platinum-coated base portion to form an outer coating disposed
over the base portion, the outer coating comprising platinum-modified
aluminide;
inducing a cathodic arc to contact the outer coating of the cathode ingot, thereby
forming metallic ions of the platinum-modified aluminide;
depositing the metallic ions of the platinum-modified aluminide onto the at least
one metal component to form a buffer coating on the metal component;
inducing the cathodic arc to contact the base portion of the cathode ingot, thereby
forming metallic ions of the MCrAlY alloy; and
depositing the metallic ions of the MCrAlY alloy over the buffer coating to form

an overlay coating.

8. The method of claim 7, wherein the cathode ingot further includes a transition
region between the base portion and the outer coating, the transition region comprising a
compositional gradient that transitions from the platinum-modified aluminide of the outer

coating to the MCrAIY alloy of the base portion.
0. The method of claim 8, further comprising:

inducing the cathodic arc to contact the transition region of the cathode ingot,

thereby forming metallic ions of the MCrAlY alloy of the transition region

13



12. The method of claim7, further conprising form ng a thernmal
barrier coating over the overlay coating. 13. A netal conponent of a
gas turbine engine, the netal conponent conprising: a substrate
having a surface; and a bond coat forned on the substrate with a
cathodi c arc deposition process using a cathode ingot, the bond coat
conprising: a buffer coating disposed on the surface of the

substrate, and conprising a platinumnodified al um ni de deposited on
the surface from an ottdemetairefongfofithe pdmhwaaodifigdaluminde aif by dranaijion
coating di sposed over the.buffer coating, and conprising an MarAl'Y

all oy deposited from a~base portion of the cathode ingot. 14. The

nmet al conponent dépositiagthd etabtie ieis oftthe MOEYr dioy cfothprianeisioancg@bh apd

sel ected fromthe group, consist] f. ni ckel - based .super.al | oys, . .
cobal t - based super al | W?ﬁwa‘ﬁas E%ﬁ%i %ﬁu@ﬁ@o@‘ﬁé‘?ég‘wmﬁ .Of%f?_etr%é{t’gp region
conponent of cl arm 130véﬂf‘ﬂ%lﬁiﬂ&r Eé’h@in@%ﬂmﬁ%&%an&i%ﬁ B&{tingpﬁprl Ses a
transition coating disposed between the buffer coating and the

overlay coating, the transition coating conprising a conpositional
gradi e that tr ! I t i -y ni f
Bufter Coat ng. t ok R RRPAFGRET, OB TR o R B B R pob
met al obHpantwte ofzocdoaimmsdsledinoplaling thedwapr pegiiory a t hernal barri er
coating di sposed over the overlay coating.

11. The method of claim 7, further comprising performing at least one heat treatment

process on the cathode ingot after aluminizing the platinum-coated base portion.

12. The method of claim 7, further comprising forming a thermal barrier coating over

the overlay coating.

13. A metal component of a gas turbine engine, the metal component comprising:
a substrate having a surface; and
a bond coat formed on the substrate with a cathodic arc deposition process using a
cathode ingot, the bond coat comprising:

a buffer coating disposed on the surface of the substrate, and comprising a
platinum-modified aluminide deposited on the surface from an
outer layer of the cathode ingot; and

an overlay coating disposed over the buffer coating, and comprising an

MCrAlY alloy deposited from a base portion of the cathode ingot.

14. The metal component of claim 13, wherein the substrate comprises an alloy
selected from the group consisting of nickel-based superalloys, cobalt-based superalloys, and

combinations thereof.

15. The metal component of claim 13, wherein the bond coat further comprises a

transition coating disposed between the buffer coating and the overlay coating, the transition
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coating comprising a compositional gradient that transitions from the platinum-modified

aluminide of the buffer coating to the MCrAlY alloy of the overlay coating.

16. The metal component of claim 13, further comprising a thermal barrier coating

disposed over the overlay coating.
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