19 January 2007 PROTECTI ON OF A GAS TURBI NE COVMPONENT BY A

VAPOR- DEPCSI TED OXI DE COATI NG FI ELD OF THE | NVENTI ON Thi%sJanyaemo0én
"relates to a gas turbine conponent and, nore particularly, to the
protection of the gas turbi ne conponent against environmental attack during
service, using an oxide coating. BACKGROUND OF THE | NVENTION I n an
aircraft gas turbin ' WAE, ~Ald el r [ ont of the .
engi ne, comressedﬁ%@M§WbM%Tm%wbm&;d ‘with fuel. The
m xture is burned, and t&e h((%)l% corrbustionxﬁslses are passed through a -
turbi ne mounted on the ‘Y YRAIEPOSITED QIPBLCQA tion gas turns the
turbi ne, which turns the shaft and provides power to the conpressor and to
the fan. - In a nore conplex version of the gas-turbine engine, the

conpr essorFIEL @GF AHRNWVENTION turbi ne are nmounted on one shaft having a
first set Qf turbines, and the fan and a | ow pressure turbine are nounted

on a separdii® IyERHpn Helgtes Joaa Has dhibirge coraponent BhdemoreT iperticularlpx et  gases

and the ai f fl.ow f.ramthe back g e.engine, driving
it and th %tfgt(ﬁ:érhgﬁ ﬂhg%(%éf) m}{%{r’{é‘g c?ﬁ‘ °H%§ta§?m?qﬁ8“68%ﬂ£ﬁ %{?CEHHH‘%& £: gases,

the nore ekfngein@idd ®atifie operation of the jet engine. There is thus an

I ncentive to raise the conbustion-gas tenperature. The turbine includes
one or nore turbine disks (sonetimes ternmed "turbine rotors"), a nunber of

t ur bi ne bl@ﬁ@ﬁ w#ﬁﬁ i di sks and extending radially
outwardly er(e} o) g?%?mgwon-gas_ flow path, and rotating turbine
seal el ef@nrhsaitdiat das Qidite (B PineC APHSILRN HAS B fi%ﬂn{fbf‘&ﬂet kih 019 the

a €

turbine shaft and related conponénts. The naxi mum operating t erat ure of
t he combusempresspdsby 8 shaft-mavatedogomypressontandi mixed usiddl fidl, tTie mikthieng. G eat

efforts hayv ee e,to [ncrease the te rature capabilities of the
tur bi ne bﬁ‘é‘%‘gg’, a&e@%ﬂﬂ ﬁ&nbﬁsq%aéﬁ%?rﬁd’.%%ﬁ@ﬂl%ﬁ tughine glpapigeiangthe
tenper at UggSe S| TRd BOF U BRBSForLEds thin§ M/ turbine, which tumns the shaft and

provides power to the cdmpressor and to the fan. In a more complex version of the

_ ga;.-turbine engine, the compressor and a high-pressure turbine are mounted on-one
shaft having a first set of turbines, and the fan and a low-pressure turbine are mounted
on a separate shaft having a second set of turbines. The hot exhaust gases and the air
propelled by the fan flow from the back of the engine, driving it and the aircraft
forward. The hotter the combustion and exhaust gases, the more efficient is the
operation of the jet engine. There is thus an incentive to raise the combustion-gas

- temperature,

The turbine includes one or more turbine disks (sometimes termed “turbine rotors™), a
number of turbine blades mounted to the turbine disks and extending radially
outwardly therefrom into the combustion-gas flow path, and rotating turbine seal
elements that prevent the hot combustion gases from contacting the turbine shaft and
related components. The maximum operating temperature of the combustion gas is
limited by the materials used in the turbine. Great efforts have been made to increase
the temperature capabilities of the turbine blades, resulting in increasing combustion

gas operating temperatures and increased engine efficiency.




19 January 2007 As the maxi mum operating tenperature of the conbustion gas
i ncreases, the turbine disks and turbine seal elenents Hédap &% ed to

hi gher tenperatures in the conbustion-gas environnent. As a result

oxi dation and corrosion of the turbine disks and turbine seal elenents
have becone of greater concern. Alkaline sulfate deposits resulting from

th t nmbust
of the-cor rouhhxiffith bifta it petdflet 0P ofe OB O o5 S Bt 68 Wibing, bl e
gas envir almimnandramtﬁm seal Gidradngs rd NRLRGIIOTH omghah@er%rﬂ%

corrosion E@ma ge may lead to premature renoval and replacenent of t he
t ur bi ne di%€® -g85 fopirprmenta Ass rewéhm;ldahmmd coreositpnafgle fusbinedisked or

ired. d, t b | el t th
i ohest - ofbd SubliefCcitlid ¢ nidi i cincrty blkelndaBie frosts
sel ect ed freultjgofoinotehmessted it ahd M ARICR ﬁfeaéHiﬁbusff&?%gs %fépe%?d&oys are

sel ected for their nmechanical properties. They. have so resi st nce

oxi dat i on Seige @Bﬂmgmmmtar’mrg@theb@iemem inr thei @gmfsme mmbnsﬁm&mﬂfhleﬁdent tO
pr ot ect tg%l ‘;Olfthee perat ng t% tures that _.are now being reached. The
current s OnIRFAt APy 2§01 95¢ g’g COREOSIQR: bilhe idation and ¢Qsrasione seal

el enents  qumbftoHay A8Yd &6 Prérsttre! Rnfdval 554 r%h n 'R She %tn @tdxéic@ O&'&d

corrosion. At the same ftine, a nunber I'on-resi stant
corrosi onﬂﬂblslﬁswénlenmaimﬂwthmdmdgemedumdsordepmdf or use on the t ur bi ne
bl ades. These avail abl e turbi ne-bl ade coatings are general ly too thick and

h f t h bi ne .di sk t ur bi | t d al
nGuer sl y THF fading Wfsksh bid 1Erting’ S20 7 Qe meniou o mes tcthe. BGHest msrioesoal |
el enent s. ehiRFRurES AR Bfade d}elﬁe!kefz-%seaéhpggat%gn b ﬁg@a B EE&FH%HH‘% Era?ldne di sks

and turbine seal elenents agalnst oxi corrgsion
operating a@zm)msm Ihqaﬂlsupﬂmlibﬁ ak deleetdduFdii theirdhedhaniasldpro er:ﬂe seal
el ement s Jﬁg?crease ext ends to ot her conponents of t gas

tur bi ne ehgPE Fﬁ&‘fﬂeotﬁ%‘?{éfe‘%e fonoxiflaanand qogipstomadasager birtghay, reastalmlls The
present i fytediFiGend tHMt%%E{& O@%ﬁgpﬂﬁegﬁ% YerPEhturly Ak 985 nb% BLiRY

advant ages. BRI EF SU
_ reached.

The current state of the art is to operate the turbine disks and turbine seal elements
without any qoatings to protect them against oxidation and corrosion. At the same
time, a number of oxidation-resistant and corrosion-resistant coatings have been
considered for use on the turbine blades. These available tmbiﬁe-blade coatings are
generally too thick and heavy for use on the turbine disks and turbine seal elements
and also may adversely affect the fatigue life of the turbine disks and turbine seal
clements. There remains a need for an approach for protecting turbine disks and
turbine seal elements against oxidation and corrosion as the operating-temperature
requirements of the turbine disks and turbine seal elements increase. This need
extends to other components of the gas turbine engine that operate in similar
| temperature ranges, as well. The present invention fulfills this need, and further

provides related advantages.

BRIEF SUMMARY OF THE INVENTION




2 19 January 2007 1In accordance with a first aspect of the present

i nvention, there is provided a method for protecting a Yadanuamydeéd
conponent, conprising the steps of providing the gas turbine conmponent
made of a nickel -base alloy and having a surface; and depositing an oxide
coating directly upon the surface of the nickel-base-alloy gas turbine
com:)onenan‘g%‘tor tg%- organi ¢ chem cal vapor deposition. In accordance with a

second a Meth & Wsbasrert¥fdhe ipersent uerlionstherelsi Rievided a mathesd f or

prot ect i fg peot@iify bUjab titBinG @HRBEIRAL comPRig fb %ﬂep%fb?pﬁabﬁmﬁ ¥ g& @Mifdl ng the
gas turbine co onen% n?de of a nickel -base alloy and havihg a surface;

and depoSTRINGNNAdE,QF & dickebess gliqy: andcbavngp SHTacrard fenpsiing ant axile

ni ckel - basAing dirgifly 8p6n thislriite of HEpRikeMbase oy GRAGDMRROFIbAGHE by WMegdiei n the
step of degﬁsiti ngzﬂt he oxi de coating includes the step of depositing the

oxi de coOPHE ClIMIGH veparderasfiod naterial sel ected fromthe group ‘consisting

of alum num silicon, tantalum titanium and chromum In accorﬂagcefw’ th

a third aspect ,of th resent invention, there is provided a netho or

protect i ﬁgg%t’f’@%@c?d‘?" %esetPBH‘é)(ﬂ?Eﬁ‘ft, of cBRpPrESEN JNYaRiont tgEe it PIVISSAR ng t he

gaz g ur b.'m_g?pd wrna@taamg a@@&urtgfne@ogﬁpsmitt,l-dbaﬁﬂsi% Ltr%ysté’gscbfffp?dmdng tfkﬁ gs f ace;

an epositing an oxide, coatin I rec upon e surface of the

i ckel - ‘é{?éﬂea?qwna@sm?% Wi%@c%eg-ﬁﬁ%@m %9 h@&%@ sugfacss @Nd 98ROSR n t he

step of cleqoeddting Firktty WondRe 6QBddeNy tlhélﬁicldéi%séiéﬂogﬁ%ﬂotuﬂfinéj@cﬂﬁﬁddehﬂg the

-~ oxide coating in a.thicﬁness of fromabout 0.2 to about 50 microneters. In
accor danl?:ye"%%f Reposition, Whergi,be stepr ofderosiilng heide; Goaling ingiydes fiersien s

provi dedofadepdetingdhé @xider €da@iag ichtraogas df W Ridiétiaf @elRefRafrem GRERYrb& Ng t he

steps of proyidi the gas turbine conponent selected fromthe group

consi st i??g'st:‘)‘%/'“%f’ PRInHE: ﬁ'ﬁ%ﬂ?’ %%F‘“émt‘i'}?'ﬂi Me2REEIFOM&irent that is a turbine

forward seal, a turbine aft seal, or a turbine interstage seal; and

deposi ti as turbine conmponent by

ng an ,0xi de,coafi upon portion of the gas )
ot al - or ERrRRFE it aﬁﬁvﬂéwe%ﬁ%%ei Rregsnt invRRtiQsk thete iorieviAgd RAVFHY a
t hi ckneSfSI]; plbthécﬁrﬁym @b@ugbiﬂe 2orhorehn ebm E@ngﬁhérsﬁﬁmtcﬁ? rp?vidﬁ@dhfggg ﬁ{rlﬂrﬁ\g the t
portion of the gas,t in ompopent having the oxide coating thereon at a
service @pra?qt%@aqee%pgﬁﬂ%@%pfqyr baying: @ sHdRFerand dergsdng auerde F (540
t 0 760C)coating directly upon the surface of the nickel-base-alloy gas turbine component by vapor

deposition, wherein the step of depositing the oxide coating includes the step of depositing

the oxide coating in a thickness of from about 0.2 to about 50 micrometers.

In accordance with a fourth aspect of the represent invention, there is provided a
method for protecting a gas turbine component, comprising the steps of providing the gas
turbine component selected from the group consisting of a turbine disk and a turbine seal
element that is a turbine forward seal, a turbine aft seal, or a turbine interstage seal and
depositing an oxide coating upon a portion of the gas turbine component by metal-organic
chemical vapor deposition, the oxide coating having a thickness of from about 0.2 to about
50 micrometers; and operating the portion of the gas turbine component having the oxide
coating thereon at a service operating temperature of from about 1000° F. to about 1400°
F (540 to 760°C).

In accordance with a fifth aspect of the present invention, there is provided a method for
protecting ‘a gas turbine component, comprising the steps of providing the gas turbine,
component, the gas turbine 'component being selected from the Qroup consisting of a
turbine disk and a turbine seal element that is a turbine forward seal, a turbine aft seal, ora
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In accordance with a fifth aspect of the present invention, there is

provi ded a method for protecting a gas turbine conponeritS Japgaprd087 ng t he
steps of providing the gas turbine, .conmponent, the gas turbine conponent
bei ng selected fromthe group consisting of a turbine disk and a turbine
seal elenent that is a turbine forward seal, a turbine aft seal, or a 3 19
January 2007 turbine interstage seal; and depositing an oxi de coating upon

a porti oprife ihBRGBScAUER] AhosBRITER BRIA cbétm'?mgo@a Fidh & RPN
tenperature of from about 1000F. to about 400F (540 to 760C).. the step
of depos§MRRGeHHEAVER; & Sepis: PRI ClPTBRrRire i faane bt 18@PEs e iahQUt_t he oxide
coati ng {R00PE{540- 18I 7BOMT)C thé SBpCEH devdRifiig BHRPOEId Edtling tiltuding M8 skPéi Ny
having a thickness of fromabout 0.5 to about 3 microneters and conprising
an oxi dedeppPsiing the pdde pating Py BietarordapincheraicalVang deapaios thepxide captingi num

si | i con, hdvinglaathidkRest bf fAdhh HBdut 8o 26T ThidfBmdiE Bhd céthSisiRSfroxide ¢t amet hod
for protecting a gas turbine conponent used at a noderately el evated

servi ce 'BpERalSelRged dippringidivw copsistingofr Alapinumasiicen ey ttankimAdc al

per f or megrgdmioh. t he gas turbi ne conponent to be optim zed using the best
avai l abl e alloy. The selected alloy nmay be protected agai nst environnental
damage sing .a protective,c ing that is applied at a relatively |ow

t enper at'F&n *ﬁgg?ﬁdofseétW‘@tg'ogggBétﬂg?{Sth?ﬂya BEAShIYINS cQaIRePERt Useshas @not .

adver selfoddratelyt eleldedrsepedd opsralihg ttBRperander Miié pphreR Mmay dllowathd nay be
so thin that jt dogs not siﬁnifiggg,tly alter the dinensions of the article
to whi cH'¢ghanicabpgsiormancergidhe, ggs BbinG SorRars™i P RePPETESd usLd; the Pesle

r ecg_ndi tdvainese aisy. Mepadolieated élidyeﬁaﬁ %rMoteéﬁceﬂHédwﬁa _ieﬁmrcw{nmrmtdahtmg@bgas

t urbi ne conponent .may conprise the steps of providin as t.urbine
conpone ﬁ{sf"gaﬁlﬂrog%ﬂ‘é%%/%%ﬂg isgRnjed @E)%F ?ﬁ"ﬁt& el?lﬂo“ﬁ’ Fﬁé“%%{gt”f% H%P%éo"e%t!yﬁpo nent by
vapor ?m@eﬁn‘ng wr?' bd hﬂgm?dhyr{dﬂt,r@o&gﬁﬂo?w&sm)avﬁﬁ@t e ggmfﬁae@eoft imz t he
present approach is rticularly adyantageous en use prot ect gas

t ur bi ne u(p@ M hRse ﬁﬁgoﬁf‘ﬁdﬂéy et dyp tﬁ%a dogn dIof éfﬁ?éf'cﬁmg’e?&‘?rc €operati ng
t enper atdirhengidnsi grate attiolstio WP iFistapphdd The ptABSIVE cobtAty may 4RBGkadilgxanpl es

of particul ar jnterest. incl e all or part of a turbine
P be recondlltl%ned ané repaﬁ'eéJ 9 necessary. P

A method for protecting a gas turbine component may comprise the steps of providing
the gas turbine component, and depositing an oxide coating on the gas turbine
component by vapor deposition.

The gas turbine component may be of any type, but the present approach is
particularly advantageous when used to protect gas turbine components or portions
thereof that experience a service operating temperature of from about 1000° F to about

"~ 1400° F (540 to 760°C). Examples of particular interest include all or part of a turbine
disk or a turbine seal element. The entire gas turbine component need not be
protected in many cases. For example, the mid-to-outer portion of the hub of the

turbine disk may be coated, whiie the bore region, inner portion of the hub, and blade
slots may or may not be coated. '

The oxide coating is preferably deposited by metal organic chemical vapor deposition
(MOCVD). The MOCVD process may be a non-line-of-sight process, in which the
deposited oxide is deposited upon portions of the substrate that are not visible from an
external source, ensuring complete coverage and protection. The MOCVD process
may operate- for many deposited oxides at relatively low substrate temperatures in the |
 range of about 750-950°F (400 - 510°C). Achieving acceptable deposition at the low
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disk or a turbine seal elenent. The entire gas turbine cquonent need not
be protected in many cases. For exanple, the m d-to-out'®Japeanyi28R7 of t he
hub of the turbine disk may be coated, while the bore region, inner
portion of the hub, and blade slots may or nay not be coated. The oxide
coating is preferably deposited by netal organic chem cal vapor deposition
(MOCVD). The MOCVD process may be a non-1line-of-sight process, in which the
deposited oxide is deposited upon portions of the substrate that are not

vi si bl e PEBPAILAR terpeetyg) is desirakle. kerayse Mp subssertially bigher fayapasalyres

pr ot ect i @QuirddhGorMAaH RHEIC REStIngBIMARA! BloBedsRE WBMY ARRAEI afe@Xindes at
relatively | ow substrate #enperatures in th range of about 750-950F (400

e
- 510C) . StkcHIre\Af e SEbErtRugeE Hdsscempeneat A Righemcoading llempsraliges 2007
deposition tenperature is desirable, because the substantially higher
tenperatures required for many other coating-formation processes woul d
adversely affect the structure of the substrate gas turbi ne conponent. At
hi gher coating tenperatures, 3b 19 January 2007 there may be the

potential for undesirable reductions in shot peening effects and also part
distortions due to residual stresses. The service tenperatures of turbine
disk alloys may typically be from about 1100F to about 1400F (540 to

760C), and it is therefore desirable to performany coating at
tenperatures below this range. Exanples of oxides that are readily and
desirably deposited by MOCVD include the oxide of a material selected from
the group consisting of alumnum silicon, tantalum titanium and
chromium All of these oxides may be deposited by MOCVD at tenperatures

bel ow t hese ranges, except for silica. MOCVD deposition of silica is
performed at tenperatures within this range, and care is taken to keep the
deposition tine as short as possible. MOCVD may be used to deposit the

oxi de coating in a thickness of from about 0.2 to about 50 m croneters,
although it is preferred that the oxide coating have a thickness of from
about ‘0.5 to about 3 mcroneters.
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The present approach "dep05|ts" the coating as an oxide, rather than
"grows" the coating, a key advantage. Oxide coatings nalQ'{?é'UQW(ﬁMQ-"on a
substrate sinply by exposing the substrate to an oxidi zi ng environnent,
either as part of the manufacturing operation or in service. The oxide
coatings that are grown by exposure are of an wundefined chem cal and

physi cal character, and typically include a m xture of oxides determ ned
by the nature of the substrate nmaterial. The thickness of the oxide coating
is diffithetd mtap beahd potentid fdr umdesiiadleorzduttivne i ekbipeahing @ffetibanpragent

i nvention e ot her OXI coatin ma e deposited.inits
a1 ot SR B o BETTHs! alPetRier e N buetins Gharane i ce
exposur ealtoTklma;Mtydlealqowé from atyt heowF ta abeld 1408PF ne4h ROTGOSH, tdr@nit Rased upon
t he seltglctlon of . the, source reactant It '

dth -t | |
i ndepend€ht® Q5P dPRIEAPIS IPRETOYT AYY G %‘?@’?F%W‘?%ﬁt%?%p% r@hﬁ% éd%ﬁ’;ﬁ’gefr’f‘gﬁt yupon
whi CE i tofi xiddspthst zﬁredead'lyeadnd?dr?sﬂet(:jlg@ébpﬂ@dWMb)@\mf inglude lthe dgitie drmd. ty|toe due
1 the sou r n e eposI n con | e coatln
oy e R S o R orhli nertF AR AR OB T et i ;

unlform

(or contaral blabtrwmtomumfftlﬁnfsm oXidesomgh el dépusitbdibykMosyD Ehmm@tatdﬁascoat i ng
may be st

t he service te er eached t he ar s such as
‘gas turbd eﬁ gh%sl?sran?ﬁ% SHoEPLir ¥ @gﬁ\ﬁ% 4?\995' =4 PE%&I?# v P%‘%‘@'B’tﬁ’ i #led or
r epai r edemperati@es mithini thisiragpep pad abieds sakeh tdu&eéathwdepoamaﬂ timetdseshotteat ur es
and advant ages, of, present inventio arent. fromthe
fol | owi iy ;?Tc%lsial Mé&?ed“%'%%t‘t fo PB?’W'FF )ﬁqee?@iﬁg %%Gﬁ%r‘?k PrOlt’aken in
‘conj unctaboot 0.3itb IabbthtESOam:mm)amaj githouyiaviis grefervdal thit the lodile Icadiing yveway  of
~exanpl e, S f_.th ventlo The scope of the invention is
not , v%{'ﬂéc ngsrs %&Pﬁ!ﬂe‘?%‘t Bia e aﬁ?%t RIFRIIMeR o di ment . BRI EF DESCRI PTI ON OF
T.HE DRAW NGS Figure 1 is a block flow diagram of an approach for practicing

t he i nverits presefti gppreach fdepesitst mmmb:htmgvbsewnodxide peth’e'r dimarofgroe ther bi ne
gurs is a sch l,c.view.of an oxide

section r.bi e |ne
pr ot ect i Vgtu%jgtf )6%89 nggge[ e pg%atétg may %e grown on a suBstrate simply by
exposing the substrate to an oxidizing environment, either as part of the manufacturing

-operation or in service. The oxide coatings that are grown by exposure are of an
undefined chemical and physical character, and typically include a mixture of oxides
determined by the nature of the substrate material. The thickness of the oxide coating
is difficult to control with precision.

-In embodiments of the present invention, on the other hand, the oxide coating may be
deposited in its final form, rather than being dependent upon processing and/or service
exposure. The oxide coating may be of a well-defined composition based upon the

- selection of the source reactants, and the composition is largely independent of the
underlying composition of the substrate component upon which it is deposited. The
oxide coating may be of a well-defined type due to the source reactants and the
deposition conditions. The oxide coating may be deposited to a well-defined thickness
and is substantially uniform (or controllably nonuniform) throughout the thickness. The
oxide coating may be stabie at the service temperatures reached by the articles such
as gas turbine disks. The protectlve coating may be readily redeposﬁed or repaired in
reconditioning operations




conponent substrate; and Figure 4 is a schematic view of an MOCVD
apparatus. DETAI LED DESCRI PTI ON OF THE | NVENTI ON Fi gur d9Yane@y087 a
preferred approach for practicing the invention. A gas turbine conponent
30, an exanple of which is illustrated in Figure 2, is provided, step 20.
The gas turbine conmponent 30 may be of any operable type. The gas turbine

conponent | r1exa turbine disk 3 r a turbpi.ne seal

el enent 34. enge\géﬂrggs ?ﬁsg Vedrlﬁatglg AC§F It‘@e PRYSER% }ng?rggmawﬁl[ gﬁéipga’ieﬁ Gom U sk 36,
a stage 1 follawingendit deteilefdesoiptithast thOpich@rcdleadBdilndntl tldAGn dbSkndfm @ Stage
2 turbine disk 40, a stage 2 turbine %I ade 42 mounted to the stage 2

t ur bi ne divgfh the aceompanyimgdirawsiags, adhich illustrates by wast ©f ezardpleatheiprineipdsage seall
48. Any orcall. of .these turbi di sks.32. and/or turhine.seal elenments 34
may be. pr 80 MSERYmSIon: Jhe srapis) T VUG iR Ok HGMEkE LIniied I i BFediBA whet her
COrr osi OneRpolliagenfot conbusti on gases is expected or observed. In a typical
case, only a portion of the selected turbine conponent 30 is coated. The
turbine blades 38 and 42 are not coated by the present approach. The

t ur bi ne cBRIBRENSGRIPFIGNORTHE DRAVINGS ni ckel - base al | oy, nost
preferably a nickel-base superalloy. A nickel-base alloy has nore nickel

t han any r,el t .19 Japuary 2007, A nickel-base .superalloy is
strengt heﬁfég‘?%§‘ft‘ﬁ§%§$§%‘f"§ﬂ%%‘?815%?3/163%%40{;?1’@%% Inyegfiged phase. A

ni ckel - base superalloy of interest is Rene 88, a known alloy having a

noni nal  CPRigRRs? i DithemMiowib @ dE a PBIEANS thOfurbie RRTi6E BE a £20RSine dfbimer cent
chrom-um 4 percent nol ybdenum 3.7 percent titanium ~2.1 percent

al um num _4 percent tungsten, 0.70 percent niobium 0.015 percent boron,
0. 03 per cBigure, 3y o whemati giepeof can oxisder brotective | canting depdsited ammbnninor

I mpuritie | ati;ng i s deposited upon the gas turbine conponent 30
by vapor ‘%’é“p@g%eﬁ?%‘ﬁ’,g“&%a@ﬂ 22 of Figure 1. Figure 3 illustrates the oxide
coating 60 deposited upon a surface 62 of the gas turbine conponent 30,

whi ch t heFighie SBraseheragticvien bsid MOCOD dpparafte  oxi de coating 60.

DETAILED DESCRIPTION OF THE INVENTION

Figure 1 depicts a preferred approach for practicing the invention. A gas turbine
component 30, an example of which is illustrated in Figure 2, is provided, step 20.
The gas turbine component 30 may be of any operable type. The gas turbine
component 30 may be, for example, a turbine disk 32 or a turbine seal element 34.
. Figure 2 schematically illustrates a stage 1 turbine disk 36, a stage 1 turbine blade 38
mounted to the stage 1 turbine disk 36, a stage 2 turbine disk 40, a stage 2 turbine
blade 42 mounted to the stage 2 turbine disk 40, a forward seal 44, an aft seal 46, and
an interstage seal 48. Any or all of these turbine disks 32 and/or turbine seal elements
34 may be provided for coating by the present approach, depending upon whether
corrosion by the hot combustion gases is expected or observed. In a typical case, only
a portion of the selected turbine component 30 is coated. The turbine blades 38 and

42 are not coated by the present approach.

The turbine component is preferably made of a nickel-base alloy, most preferably a

- nickel-base superalloy. - A nickel-base alloy has more nickel than any other element. .




The oxide coating 60 is typically deposited upon the surfaces 62 of those
~ portions of the gas turbine conponent 60 that experienc® &@nyayZ08e
operating tenperature of from about 1000F to about 1400F (540 to 7600C).
The oxide coating 60 is preferably not needed on those portions, such as
the portions of the turbine disk 32 near the center bore, whose service

ti { t | S..| th bout 1000F, (540C) . b e th t
okt dat | on A AREHPISESBHHRE PO IEIEBrt b bacsitEien BF camAa: P 5% pr ovi do
SUFI 1 o1 eNbclie8 phARN OPnickal-babu iy dr iR IRAOH 11080 i B tpUCCESSr Y

wei ght and expense. The oxide “coat I's typic t hose
portions whmdwl semposidon,dpeveight perctinplt pettent coball; €6 percehtvhrorinay 1400F,

because the oxi delé[g at i ng J’las a tendency to spall_ and fail at these higher
t enper at uPESERiNDR ‘%‘CPNB% x! PRIERDE BEaniem, 2 b percapisalumingmn, 4peatenhiunesten,

di ffusiong :0af | s onglky | __.barrier coatings,.
are requi r'gg g‘%{@ésd&(a:t}}wioﬁiag]ﬁer' ﬁeﬁ%@%&?ﬁ‘;ﬁé‘g’. a‘?hé)e%&glgg?ﬁmmﬁﬂ%h 0% BEFeent o a1 | ngs
are desi goaton,bapnoy hidkelend daibboimpurigies.or r osi on protection in the indicated
i nt ermedi ate-tenperature range. The oxide coating 60 is deposited by a

vapor depgsition process, nost preferably a metal organic chem cal vapor
deposi ti oﬁnm%\ﬂgﬁt% §$1t°ﬂi"@9¥élleégaismﬂé§13r09m§n@ﬁ 30 ralgpediianis 70 in
whi ch suc pas.ti ) .§ 0 epositign
procedur e?elgg%i delgoséjf [ g%%épgg% a!E u‘tgpglreg&{%@weoé\%gg%w g ?%nggeggg%?ﬁ'ﬂﬁ%ns, and
the fol | o6 ofthesgas trbind copedenpBOOWhth thERbLSEOR hdh sEbRARNES for'lle 6 ---
-------------------------- 19 January 2007 MOCVD apparatus 70 includes a

depositio??‘ié?l‘éf?ﬂ'ﬁié‘gﬁﬁ in which the gas turbine conponent 30 to be coated
is placed. Those portions of the gas turbine conmponent 30 that are not to

be coat edpgl g | Qr, 1. ‘ I n the depositi.gn chanber 72. The
deposi tion cﬁ’gﬁggr |dsght§'(zggll?ael§J ?egj%?ﬁ?e? ‘@&&¢%&w§“é§%§?t°Fg‘?PSF é’ﬂ’ﬁ%ﬁ‘ﬁ?gre by
appr opr i athe ghenirking cdhposant 60 dsat bRErhad & fer9lce r@@faﬁn\,\% fnpeiR@relFHont €at ure
of the MOCVD process is that the conmponent 30 upon ich the oxide coating

60 is dephont EPO'E tohabous 400 F A54Q10a1609€).y Thooxirle upatingtirie peferably nohe

needed on those portions, such as the portions of the turbine disk 32 near the center

bore, whose service operating temperature is less than about 1000°F (540°C), because
the natural oxidation and corrosion resistance of the materials of construction provide
sufficient resistance. In that case, the oxide coating 60 is an unnecessary weight and
expense. The oxide coating 60 is typically not used on those portions whose service
operating temperature is greater than about 1400°F, because the oxide coating has a
tendency to spall and fail at these higher temperatures. More complex protective
coatings, such as aluminide diffusion or overlay coatings, and optionally thermal
barrier coatings, are required at such higher temperatures, The present thin oxide
coatings are designed to provide oxidation and corrosion protection in the indicated

intermediate-temperature range.

The oxide coating 60 is deposited by a vapor deposition process, most preferably a
metal organic chemical vapor deposition (MOCVD) process. Figure 4 illustrates an
MOCVD apparatus 70 in which such an MOCVD deposition may be performed.
MOCVD deposition procedures and deposition apparatus are known for other

“applications, and the following is a brief description of the essential elements. The
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deposition process. The gas turbine conponents 30 are ty1pi cally forged or
otherwi se mechanically worked al | oys, which are subj ect1®{angai2007
treatnments, peening, and other processing to attain very specific

m crostructures and other structures that are beneficial to their
subsequent functionality. A high deposition tenperature would adversely
affect this structure. The deposition tenperature to which the gas turbine
conponent MOGNRtapperatisatk includes medaposition tchamberh Z2tie which thepgasdsichipon t he

mat eri al ' hted., I n n ses, however, that, .deposition .
t enper at u r"tea’(ﬁ%p rsg) g?rﬁ%{ﬂﬁé be gﬂatgd = %ﬁoﬁo%@@gﬁoﬁéﬁéﬁm‘? crapURnt b
expect ed Shitvir€ BotoR Hedlohied kEMRMKAHOF tPblac rﬁﬁtf}m{ee&bggﬁ ibh Qfﬁxgﬁgegt'?ge gas

turbi ne conponent 30. In sone cases of particular oxi coa 0, the
deposi t i orfheedemositionr chanstree Tk dedeated | tp thegHesiredadepositionetehripghature by

deposition_tenperature re used.only with care and consideration to avoid
adver se #P@gﬁé{eiﬁa?ﬁzﬁﬁl&&ﬂsﬁ%ﬁﬂ&§§ ¥REE: ne conponent 30. The reagents
76 that produce a deposition vapor are placed into a reagent source

chanber 784 hagortant kel Gite RAIETDSp8ess 19 hak WE&&B@O&% 36 218815 %glr'ir@glc

chem cal conpounds that contain the elenments to eposit

exanpl es dlie oxide coating 60t isaleposited iehexted foetirekaivelyglon tmpapmus dulag tgl so

cont ain oﬁéﬁe .and na iﬁgosi %L}erg by this a&groaeh, as their oxides include
al umi num “SPISTLBPIOtt 4106 FRS I PRRicoRponRaigs 3@ Aredrisally Brasthereatherwiser gani ¢
chem cal ) : r ri .l | be

di scussedﬁgggggqu n‘{félﬁ‘%dT eys?iv%%ﬁa?g%%&%?@%ﬁ%{e&%@ g‘?‘g’ﬁ %ﬁgv%lﬁlz?tﬂ%rhat

cont ai ns aruessipns@aatiain tveey npedific anidrastductatdiesnd | @@ bGudt@esiatlatt aref Or m t he

oxi de coating 60. 7 19 January 2007 The vapor produced fromthe reagent
sour ce chglﬁ‘l?%r"mg do ithnsubssavent farstivanlityopA l@ghn%eesm@ deraparstarecwonldound t he

gas turbi g : Srfle PP i rface.62. JAnot her. i nportant
feature o?@‘{eﬁ%mﬁv%&%?%ggss I S?ﬁ%g?ﬁb?, Pstglzlp ﬁ%ﬁ"}? ??lé‘{hlé} !hgi %ﬁttu%}ngc ess.
The net al etmporient30/ mst s Hated in fieudeositien alidnisdr 92 iRpaRIsGPBH B mate@AChi ng

regi.ons tgat re not readily accessible by |ine-of-sight deposition’
pr ocesses PEINgHEPQspd s I many vgsep.dovsvermthay depasitian edperatere s thue dangeessur e

environ magf abotP7401850°F (400-510°C), below the expected service operating temperature of

the coated portion of the gas turbine component 30. In some cases of particular oxide

coatings 60, the deposition temperatures are necessarily higher, and these higher
deposition temperatures are used only with care and consideration to avoid adverse

effects on the underlying gas turbine component 30.

The reagents 76 that produce a deposition vapor are placed into a reagent source
chamber 78 that is heated by heaters 80. The reagents 76 are organic chemical
compounds that contain the elements to be deposited. Some examples of materials
that may be carried as organic vapors that also contain oxygen and may deposited by
this approach as their oxideé inciude. aluminum, silicon, tantalum, titanium, and
chromium. Examples of organic chemical compounds that may be used to transport
- such materials wiil be discussed subsequently. The reageﬁts 76 produce an organic
vapor that contains and transports the metal a;tid all ofher elemients needed to form the

~ oxide coating 60,




t he deposition chanber 72 is provided as a vacuum chanber. A vacuum punp 82
is provided to evacuate the deposition chanber 72 as néédEauan 3003y 84
traps, filters, and condenses the rel eased organic vapors that are renoved
fromthe deposition chanber 72 either directly or by the vacuum punp 82. A
thickness t of the oxide coating 60 (Figure 3) is determned in part by the
nature of _the netal organic vapor, the tenperature of deposition, and the
time of exp¥sHROTGIrogyced G the rengsat seurposbarmba (78 fowhdo rthe alepasitjami ¢

! o about | SO ReEr 323y 8o MGl W g Rbing homrohth ARl Sencie w0 B e
coating 6Guificd 62MAab inthodtahOfeaRBIbf the MOUTVIPhRESS id fhgi & is RBhieed that

t he -oxide coating 60 be relatively thin, as thicker oxide coatings 60 tend
to debond Ofrsight tiecessr fEheemetal-beatingpuarornfley etomichther extielst beink hemted] cycl es

between r e rajure and t servi,ce operat.i.n enperature. If the
oxi de ¢ Oatr?z%%@?@n?%[ ap Hf)ﬂl',ea@ﬁ&?f’cﬁ%‘gﬂﬁ% by BP?TB jS1 ogtion RIOCESRRt er s,

there may be inconplete coverage of the surface 62 (i.e., bare spots) and

| nsuf i ci e debeiliog 93 i§ Rori@dly Son@udtEd i 8ReARSBREGLS brorfiferd o BaP! eCt ed

substrate 64. If the oxide coating 60 is too t ere Is & tendency
for it tothredrnesitignshapben 72apyovidahas oeacunf dmebeSt Adiaesuhapoempis? & m ned

that the _thi f t i d ti ILn th f about Q.5-3
i or oot e POVSREE Syafiact M poSBan eBambt 1L st pedef oK e gf drapes Slirs,

i l hasi . : 5 th
EL?:‘/:iclanggﬂ%%ghgmgs geot ect i%ﬁ of ﬁﬁ%p@%t%%}%g?gb%%@ﬁémgg&gﬁé&g}ﬁ’g?oach

has been phamherd@ctithei ditpetly oubyathe vatwmbipomp®anponent  hardware, fol | ow ng
the procedure of Figure 1 and using the apparatus of Figure 4, to produce

ted el i Fi . The d | 1 | des, thei
" eagent o. A GisERrd a5t bR Coing OTFIRBE ) eleermised shpn oy EhORS u o

for thesetidenasl 6rFﬁﬁ§ VAo, thé%te}iﬂ,eﬁéfﬂﬂéq{f)ﬂeé%gt;?nd 2‘?“ ﬁa{? gi(k)'%v@{neg&#uarg logjﬂf 1)

oxi de, deposited from al um numtri-isopr OPr) 3,
net al or ggasi wrhing componenid 06 t¢ AROMEtah oz vapiodr Thé tBichass tRATthe akider essur e

b LR i 0SB P30 o A b e

organt C ViaR®hess t of the oxide coating 60 is from about 0.5 to about 3 micrometers. It is
prefe;’red' that the oxide coating 60 be relatively thin, as thicker oxide coatings 60 tend
to debond from the surface 62 and spall away during repeated thermal cycles between
room tempetature and the service operating temperature. If the oxide coating 60 is too
thin, such as less than about 0.2 micrometers, there may be incomplete coverage of the
surface 62 (i.e., bare spots) and insufficient thickness to resist oxidation and corrosion
-of the protected substrate 64. If the oxide coating 60 is too thick, there is a tendency
for it to debond and spall away from the surface. Studiés have determined that the
thickness of the oxide coating in the range of about 0.5-3 micrometers, most
preferably about 1-2 nﬁcromét’ers, is préfez:red, providing a balance of good adhesion

of the oxide coating 60 to the surface 62 and good protection of the substrate 64.

The present approach has been practiced using simulated turbine component
’hardware, following the procedure of Figure 1 and using the apparatus of Figure 4, to
produce coated articles as in Figure 3. The deposited oxides, their source reagents,

" their deposition temperatures, and their deposiﬁon preséures for these depositions are
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at 800F (430C) and 150 ntorr (20 Pa) partial pressure; (%) t ant al um oxi de,
deposited from tantal um penta-ethoxi de, also known as T&(@py3n 208¢t al
organi ¢ vapor at NOT (430C) and 120 mtorr (16 Pa) partial pressure; and
(4) silica, deposited fromsilicon tetraethoxide, also known as Si(OEt)4,
metal organic vapor at 1275F (690C) and 500 ntorr (70 Pa) pressure.
Silicon and ot her el enments which are not strictly netals are included in
the group 3f folowse fb)saluminumegrides dppsitedt ambgluMdEVD, trisisoprapexideycllseded  as

et i, SR SO S B e S uRsE o e
charber il {388tz 10 (PUIPRPEA R Karhp oL QHLERaMALS,E0, °F 2

conpl ex oxide “conposition. The in enre ti ce and
denonst r atdeplosited yromh titanésm itétea-siipreide, cilso kv @S Ti(OE N @eat Q%aﬁ& tyaBéresS.

Al t hough a g ‘,%i ggdgar embodi ment_of the invention has been described in
detail fordt @‘L $6ES) anrd {50 per £2Q Bay partial praseurendd) fantedurh omisleadegosited

enhancene e s t .departi omthe spi.rit and pe of
the i nvenﬁ%%&é@gﬁﬁﬁéﬁ%&@% Oil%\?@ﬁﬁsél%%?é{)ﬁd?etgoor EmF VAR S gé&gept as
by the apg43teyl asd a20Entor? (16 Pay partial pressure: and (4) silica: i Y%iadQ7 d ai ms
1. A nethod fo?i prot ect?ngg a g)ag turpgfsr?gre(’:gnrgpgﬂesgﬁa’ g%p?r)}:s)#?dg#% Stﬂﬁcg’gsteps of
provi di ng tetraethgaisles alsdkmevicanFi(OEL), nraal erghicvapor kel 27598 gsoabdnandasnd havi ng

a surface; .an eposi ting_an oxide coating directly upon the surface of
the ni cke?ﬂtﬁ‘aii@ gﬁf BYSH4 Silfoon sad whicherd nobstyelly metalearecal

Uhe as | chideh e grolifor Bitafs Sac bl inostPEPMOC TR, BdRe TiobRled o sk
3. The nethinetals”chenéim 10nsvof itk fednlies SF MPOCVTP o el differeh ofdSoft tHE i ne

conponent _i ncludes. the step of e
reagents may be simultaneously provided in one or more reagent source chambers 78,

vaporized, and co-deposited to form oxide coatings 60 -of a complex oxide

composition.

The invention has been reduced to practice and demonstrated to yield results superior

to those of uncoated articles.

Although a patticular embodiment of the invention has been described in detail for
purposes of illustration, various modifications and enhancements may be made
without departing from the spirit and scope of the invention. Accordingly, the

invention is not to be limited except as by the appended claims.




providing a turbine seal elenent that is a turbine forward seal, a_turbine
aft seal, or a turbine interstage seal. 4. The method of® ﬁ¥H?Wﬁ¥O wher ei n
the step of depositing the oxide coating includes the step of depositing
the oxide coating on a portion of the gas turbine conponent having a
service operating tenperature of from about 1000F. to about 1400F(540 to
760C). 5. The nethod of claim1l, wherein the step of providing includes the
step of providing the gas turbine conponent nade of a nickel - base
superalloy. 6. The nmethod of claim1, wherein the step of depositing the
oxi de coating includes the step of depositing the oxide coating in a

t hi ckness of from about 0.2 to about 50 mcroneters. 7. The nethod of

cl ai m 1,Clgimerei n t he step of depositing the oxide coating includes the
step of depositing the oxi de coating in a thickness of fromabout 0.5 to
about 3 nicroneters . The nmethod of claim1, wherein the step of

deposi tihg Pﬁ%m6%TH@m@@a?ﬂﬁﬁupﬁéFﬂﬂ@@e@H@m§E§§tmﬁ¥@ﬁé505|t|ng t he oxi de

coating of pramz@thei@smjmuﬁe daﬁtp&tdnahaceetmtiecbatsé amhﬁ@agh@w@erWﬁndstl ng 0f9 10
19 January 2 con n|u romum A
met hod fordeig’r%‘tné’caf1 et CoaghaiJs&fethlyHFo thesu gme "'Cllc(% %%as "$t eps of
providing @mwogatblm&%ﬂm&msehwmm%wmowbd@mom a nickel base all oy and havi ng
a surface; and depositing an oxide coating directly upon the surface of

the nic base:- a S tur onent apor deposition, wherein
the st eé o %’6‘5:{ %B%é'ef&w %ﬁpﬁﬁ‘“gﬂi‘?&%aﬁ g ¢pEPEPEh of deposi ti ng
t he oxi deludesthestgpof an oxide of a naterial selected from the group

consi st ngpr&fndurfb]é’tﬂ?biﬁléﬁisk silicon, tantalum titanium and chromum 10. A
met hod for protecting a gas turbine conponent, conprising the steps of

3. The method of claim 1, wherein the step of providing the gas turbine component includes
the step of ,
providing a turbine seal element that is a turbine forward seal, a turbine aft seal, or a
turbine interstage seal.

4. The method of claim 1, wherein the step of depositing the oxide coating includes the step of
depositihg the oxide coating on a portion of the gas turbine component having a service
operating temperature of from about 1000°F. to about 1400°F(540 to 760°C).

5. The method of claim 1, wherein the step of providing includes the step of '
providing the gas turbine component made of a nickel-base superalloy.

- 6. . The method of claim 1, wherein the step of depositing the oxide coating includes the
step of _
depositing the oxide coating in a thickness of from about 0.2 to about 50

micrometers.

7. The method of claim 1, wherein the step of depositing the oxide coating includes the
stepof
depositing the oxide coating in a thickness of from about 0.5 to about 3

micrometers.

8. The method of claim 1, wherein the step of depositing the oxide coafing includes the step
depositing the oxide coating of an oxide of a material selected from the group consisting of
| 10 S




provi ding the gas turbine conponent nade of a nickel-base alloy _and having
a surface; and depositing an oxide coating directly up&%“?ﬁ%m§&ppéce of

t he ni ckel -base-al |l oy gas turbine conponent by vapor deposition, wherein
the step of depositing the oxide coating includes the step of depositing
the oxide coating in a thickness of fromabout 0.2 to about 50 m croneters.
11. The nmethod of claim 10, wherein the step of depositing the oxide
coating includes the step of depositing the oxide coating in a thickness
of from about 0.5 to about 3 mcroneters. 12. The nethod of claim 10,
wherein th i de coatlng i ncl udes the step of

C &Prﬁinu tg@[n % .'9 t he d qri
deposi ting el ox 5 AR BXTWeMof a material selected fromthe
group consi sting of alunlnun1 silicon, tantalum titanium and chrom um

13. A ey hﬂzdmtef%d %ptp?&édu&ﬁ A @Qstut'dﬂeb'c%r&@ﬁ&)%%ﬁsmgc(?rFHJrs'te%b ngr the steps
of providin r bi ne conpone ted fromthe group consisting

of a tur bi /&Y ‘an?mtug"”et%mmnﬁ%t r@;@&léélné’hﬂﬁ?seﬁq%&aqdé"aﬂnq P f or war d

seal, a tuamﬁne aft seal, or a turbine interstage seal; and depositing an

oxi de Coatﬂ H'@Qa'ﬂ o?td@ QJattlﬁgOJﬁe(g{}/ E&'?thg @érfa%é’ Eﬁh%ﬁci&%gggglﬁﬂ tga %rbq%t al -organic

chem cal va eposi tion, rde coating having a ness of from
about 0.2 ?W%mtbw@pornd@p%mt whereingie staPeplatiepagjlinohtee ﬁ?éld?lf@ﬂt"'@f t he gas

tur bi ne colﬁmm@eltﬁe éfb’p\ﬂfﬂﬂ)obh% tAX btk oRfHg df 8n bIGS G MmadriaPeclct® Yome Operating
t enper at ur 1000F out 1400F 510 to 760C). 14. The

b
ot b of Be Gotr SIS i st g D B R ot de. cont | ng

includes the 11 19 January 2007 step of depositing the oxide coating of
an oxi daoofArﬁemf@rrmﬁécn@ealgﬁewﬁnefcro%ﬁéaﬁc&ﬁ&ﬂﬁgﬁeeéb&fl ng of al um num

silicon, tantalum titanium hrom um he net hod of claim 13,
~ wherein thé’rqé’id@BthSﬂa%‘H'ﬁﬁgP?mﬁ?Qe’FW@d%%ad'é’k‘%!aé"ieiaﬂ‘@’ai”ﬂ[‘ﬁ"h”&és the step of

“surface; and

depositing an oxide coating directly upon the surface of the nickel-base-alloy gas turbine
component by vapor deposition, wherein the step of depositing the oxide coating includes the
step of depositing the oxide coating ina thickness of from about 0.2 to about 50 micrometers.

11.  The method of claim 10, wherein the step of depositing the oxide coating includes the
step of |
depositing the oxide coating in a thickness of from about 0.5 to about 3
micrometers.

12. The method of claim 10, wherein the step of depositing the oxide coating includes the step of
depositing the oxide coating of an oxide of a material selected from the group consisting of
aluminum, sificon, tantalum, titanium, and chromium.

13. A method for protecting a gas turbine component, comprising the steps of

providing the gas turbine component sélected from the group consisting of a turbine disk and a
turbine seal element that is a turbine forward seal, a turbine aft seal, or a turbine interstage
éea[; and

_ depqsiting' an oxide coating upon a portion of the gas {urbine component by metal-organic

- chemical vapor deposition, the oxide coating having a thickness of from about 0.2 to about 50
micrometers; and ' |
operating the portion of the gas turbine component having the oxide coating thereon at a
service operating temperature of from about 1000°F. to about 1400°F (540 to 760°C).

14. . The method of claim 13, wherein the step of depositing the oxide coating includes the
' o |




depositing the oxide coating in a thickness of fron1aboq%)gwﬁ Q ﬁZOUt 3
m cronmeters. 16. The nethod of claim9, wherein the ste AP i ng
includes the step of providing the gas turbine conponent made of a

ni ckel -base all oy and having a surface, and wherein the step of depositing
i ncludes the step of depositing the oxide coating upon the surface of the

ni ckel - base-all oy gas turbine conponent by vapor deposition. 17. The

nmet hod of claim 15, wherein the step of providing includes the step of
provi di ngeptape gas turbine conponent made of a nickel - base superalloy 18. A

thod f ot r bi the ste
Tetod o, SRS P iR b ARABR RO BT TR L B e
sel ect ed f rayminume siligpndarpatgaritinsin, agl adfomunt.ur bi ne di sk and a turbi ne seal

el enent that is a turbine forward seal, a turbine aft seal, or a turbine
|ntersta e seal; and de 05|t|n an OX|de coating upon a portlon of the gas

t ur bi ne CorpeMEted AR, g/hgr@,n ectep ohPRPPSIiNg e Bppeting ineeesthes r om about
1000F. tseepabout 1400F (540 to 760C) ., the step of depositing the oxide

coating i r]che gltlg%th‘é% esct,o%{l)n %e&rqgls%#fr %bﬁgto%ﬁl dgougg ctn:ﬁr(r]e&l?'g et al -organi ¢

chem cal vapor %MK 2o Ktiess of from
about 0.5 to about 3 nlcroneters and conprising an oxide of a material

sel ect edef roEwid efrcqummﬁémhé S6p foprcﬁld P’H&HH&S tid dbg@n, tantal um
titanium and The neth claim 13, wherein the step of

provi di ng |pFPd’Idﬁ‘82'%e Qaﬁé“rg"f‘eeﬁ’"&PP"?ﬂ’BW'%IPfr?g”"f"ﬁlebamj%e""b’ﬁ'%FW@‘Q@OWHB%WE made of
a ni ckel - ba'mereaith@gtemdedmlﬂng\gcladcﬁlﬂiefmp&ﬁ and wherein the step of

deposi Ui ng Jpskiidene 4R Séo%aqq%@wm%s sl defie %kgﬁbaggaﬁéggga%@%

surface of t ase- gas turbrne co nethod of
claim 17, «R@pelent bvyarasdegpsiien. pr ovi di ng |ncludes the step of providing the
gas turblne conponent nmade of a nickel -base superalloy. 12

17. The method of claim 15, wherein the step of providing includes the step of
providing-the gas turbine compaonent made of a nickel-base superalloy.

18. A method for protecting a gas turbine component, comprising the steps of

providing the gas turbine, component, the gas turbine component being selected from the
group consisting of a furbine disk and a turbine seaf element that is a turbine forward seal, a
turbine aft seal, or a turbine interstage seal; and
depositing an oxide coating upon a portion of the gas turbine component having a service
operating temperature of from about 1000°F. to about 1400°F (540 to 760°C)., the step of
depositing the oxide coating including the step of
depositing the oxide coating by metal-organic chemical vapor déposition, the oxide coating
having a thickness of from about 0.5 o about 3 micrometers and comprising an oxide of a

" material selected from the group consisting of aluminum, silicon, tantalurn, titanium, and
chromium.

'19.  The method of claim 13, wherein the step of providing includes the step of
providing the gas turbine component made of a nickel-base alloy and having a surface, and
wherein the step of depositing includes the step of
depositing the oxide coating upon the surface of the nickel-base-alloy gas turbine component.

'20. - The method of claim 17, wherein the step of providing includes the step of
' providing the gas turbine component made of a nickel-base superalloy.
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