; UVe3eZW x60T: > PROTECTI ON OF A GAS TURBI NE COVPONENT BY A VAPCOR- DEPCSI TED
"OXIDE COATING I FIELD OF THE INVENTION This invention relates to a gas

t ur bi ne conponent and, nor “mmmm ly, to the protection of the gas

t ur bi ne conponent agai nst m | attack during service, using an

oxi de coating. BACKGROUND OF Thlsob*NVENTI ON In an aircraft gas turbine (jet)
engine, air is drawn into the front of the engine, conpressed by a

shaf t - mount ed conpPPREF[UCTIOMON A GAYTURBINEICOMPONENTHY is burned, and
t he hot conbustion gases are passed through a turbine nounted on the sane

2ha orovi e pover o chS AR RSO £
versi on of the gas-turbine engine, the conpressor and a hi gh‘mm
turbine are nounted on one shaft having a first set of turbines, andot he

fan and aFIE&RR PF IR NVENTEONe are nounted on a separate shaft having a
second set.y.of. i.nes. The hot ) d i L |1 by the
fan fl ow i}rngnl]n%%{etg%acﬁat% H’fFglleé)aesnglilglj)r.llg%EJ cé‘r‘%ﬁ%‘;‘ zﬁ'&, éél%gt el%llffér@?gtf) tt?1 orwar d.
The hot t eprotddtios ofMthesgdsanrbaidc g at agadRe envitdheneitdl autgdkl diingdervise, t he
operation of the jet engine. There is thus an incentive to raise the
conbust i o%ﬁl%%‘l@éﬁ@@@?émﬁr e. The turbine includes one or nore turbine disks
(sonetines terned "turbine rotors"), a nunber of turbine blades nounted to
the turbine disks and extending radially outwardly therefrominto the
conbust i OBAGKGROOWNDP AR THEMNVENTEDN1G turbi ne seal el enents that prevent
the hot conbustion gases fromcontacting the turbine shaft and rel ated
conponent k. amaércradix gasu turbiner (Get) woginenpienatdiaven dhtot the ontbefs thieoengies i s
limted by the material s, used iin the turbinpe. . Geat efforts have been nade
Lo nor eat R At ATy PR SR dgrmtresbl 2 ol S el S ARG ST g
i n i ncreasiréd, GAARHS hbf BorBiEstioR Yasds! 428 ph&eRehdhEk aStufitk hdahRaRdhenyi ne
efficiency. 1 As the maxi num operating tenperature of the combustion gas
i ncr eas essamenghaftyrHenffow iof kgmhngtion gapiteras sheafurbine ghicls tunethoudbpandd t o
hi gher tenperatures jn.the conbusti.on-gas environment. a resu
oxi dat | orPRYER 8P ek eohe SPmpRES g R M sk o, SO PasnRlE S FERehEine s have
becone of gALaMHiIRS elﬁﬁ@, Qhé cortipkeldor MR ShibRlpResdRRABIife AR SHblrtEW oh loRE t he

e

i ngested dirt and sulfur in the conbustion gas are a najor source of
t he cor r osha@irhavingta faushset o€ fushines, and thet fhe and) g lex-pressure durbinstaromoantgdbl eed

Qort oot onHAREE Ry BRASE § Sespaatuntdtieirs, de Fterbhiin B Fhe
turbine dp® élle'a”?%_ttl% RinnfRoweRbmethe ARk S 4Rt %ﬁgn&,h@riaag?%nd $he @i@aﬁﬁd or

repaired. The turbine disks and turbine seal elements for use at the
hi ghest ofsswaidi ndhe dwtter theuc@mbustion rendeexbibusti gases, -thaseors (gficiant] isytbesel ect ed

for good toughness.,and fatigue, resistance. These superall o re selected
for thet roMBRHa T ot sfeend 18R 3n I0REY incem ool i c8Pu sl on - and
corrosi onedpRR@ge. but that resistance is not sufficient to protect them at
the operating tenperatures that are now being reached. The current state of
the art is to operate the turbine disks and turbine seal elenents w thout
any coati hbsturbinginsludes ongenmatraivebine digkt@pmehman teroed iashinerotags™ Re sane

time, a ny . of .oxidatjqgn-resistant an Qrrosion-resistant cqatings have
been conolBBTEAr TG bsfey ECPTREN, 4R iR S et CRRhanh ARy

t ur bi ne- bhadardip ahéroiSmaint UM E6@bhstiohdAs tYVE haf) Bnbl &k Cfirbise se) t he
turbi ne di sks and turbine seal elenents and also may adversely affect the

fatigue |¢lements thaigrevgnbibediotcetabusiiod gasastfroma contatting badwbine shafiraadr emai ns
a need for,an, approach faor protecting t.urbine disks.and turbine seal

ol enent s EUirhEERRERER: | Bhe BRGrOGh rathebhE St byt B coptbdifeeithr e
requi r enefingte® by ihtembiefibis MBedlinSthé n@bfhe! GrbitRefofS BhvEbRMBAAR toikdrease. This
need extends to other conponents of the gas turbine engine that operate in

simlar téepemperatuge capabiddics af theeturbing hlades, eswiting imvipercasimg £ernbustion t hi s

need, and furth%r Qrovi dtes r el at ed a&jvant ae%s.. BRI EF SUMWARY COF THE
| NVENT] ONg3s operafing Temiperatifes and incfeased engine etficiency.




The. present invention provides a nethod for protecting a gas turbine
conponent used at a noderately el evated service operating tenperature. The
approach all ows the mechani cal performance of the gas turbine conponent to
be optim zed using the best available alloy. The selected alloy is
protected agai nst environnental damage using a protective coating that is
applied at a relatively |low tenperature. The protective coating is highly
adherent, AQQﬁ‘eSmBQifxmﬁﬁ\S xﬁﬁhgf tedh e%‘tﬁretdtethé"&%Bﬁitioﬁs%a@fmér%‘seyQH@EdrMineg base
met al , and i s so th hat 1t does not significantly alter the di nensions
of the ardisks emdotunhmc hsaal élemengp| aredsubjéntedortot bighew dempernfungy iis theso
readily recaondi.tioned and r é)eéred i f neiaessar%( A rrethftg‘ fo .pr ecting a
gas tur bi FRISHELERHENVUSAIIER <2 ? Frsultaxidation apg! serrenionof the t i ne
conponent o, AfithiEROT bfehi%ﬁts%{h@)ﬂeéﬁn&e?gfea&r QBnéeB’? &@léahhh”stilfﬁt@ d%B%g?@”e”t by
vapor deposition. The gas turbine conponent may be of any type, t the
present amppultiag Hrans thmnngesttedachttyanddbharmlfgemmsha/\/nmnbusmd gas gue Gt majorgas

t ur bi ne conpon S ons t hereof th erience ser vi operating
t enper at utB G Ofprthérﬁoé‘t? liert e’é‘ﬁ%tétm%ﬁ‘hé TESSINS ‘E‘Bnb}’éB@)‘ an%itﬁ?ﬁr es of
particul a§rah vilofitlent B k%&baééelé?ﬁte%é teoftbsitn! UTT 1 1dq{1§ﬁ< afl§ c%gbk'i%ﬁ' ne seal
el ement . e ent|re gas”turbi ne conponent need not e protected In man
cases. Fodareagenmbyg leddhts piethature aeteval pardt feplacerhenthel thebtudfmé kdesks wnbi ne d| sk
may be coated, while the bore regr on, inner, portion of the hub, and bl ade
sl ots may uél?m?rﬁ'i‘ pigtepts ualpss the damage W@‘@eédéf"rﬂ‘tﬁe‘ils preferably deposited
by metal organic chem cal vapor deposition (MOCVD). The MOCVD process is a
non-1i ne- f; St RRSCHR dubinthisll UBRCASPRR! b oPthe ehiffiestiCfiRRItkgd upON
portions of the substrate that are not visible froman external solrce,
ensuri ng teompptatires arey made ®f anckepbasecatperatioysT h@iem powk esghngseraaties for
many deposited oxides relativ | ow bst rat res in the range
of about g’@}é‘l@SWt%%Soagﬁ%E)S“P?{éﬁ?évi’fﬁg% dé%gé‘i“f’? oPfOREIEhe | ow
deposi ti ofy, rhid d;%?xhtan&er%' §:a84thm &%C&%Ql %. Qsﬁtﬁ%ét%édtaﬂdeg@er
tenperatures require many ot her coati ng- orma I'on processes woul

adver sel ynaf fiffitichthe proteat them af thdhepesratisg nanpergmsest thabiane rmwrrbemgnt At
hi gher coati n% tenperatures, 3 there is the potential for undesirable
reduct i on€2¥h¥dshot peening effects and al so part distortions due to

resi dual stresses. The service tenperatures of turbine disk alloys are
typical l yTfg Qﬁ?réﬁ?%é&e oft B ?rﬁ & ROSPEratd #Ofrkind 4idke aZ@Q\Qome%gl élEm'eﬁts
therefore desirable to per ormany coating at tenperatures below this
range. Exwithbwsanyfcoatingte® protect them awnhtIquchrtldndtaérdoab’slyndeﬁdothetsenheby MOCVD

i ncl ude the oxi de of material s ectgd fromthe '%P g cons}ristrn

al umi num By ACHIDEr 40k gKidafion-resiy afiT e Alngs R3YEs er des
may be deEEh%lcfeg;‘d Y udGY heAturbiREBEIIRS. urrﬁésebfvhﬁxme EheARCSatiRgCHRt for
silica. eposition of silica i1s perfornmed at tenperatures wthin this
range, angereeally tos thiak and ﬂtea\tgeﬁp uséren dbp osbine alisksiamd terbireheeal elamepisssi bl e.
MOCVD nay be used to Si e qx] de coat.i ckness, .of from about
05 (o abFt 250 TG BEED: fecar tl%gqt@rre 140 0¢ the srbioe diherand” Bhne ertle
coating hgufefist hTKéf@?@tﬁalﬂg al A APt a&r@achofo?lib%tgct mu%lﬁé"aﬁs‘f(‘é SmdThe
present approach "deposits” the coating as an oxid ather than "grows"

t he coat i tughina sk:dyeladmamtaggest Gudilgeoncaat comosiomys lnm gpoanngempesamnyst r at e
sinply by ex str t o an oxi di envi.ronment, . either as
et ot T RGNS B b sk GRO Rt éeﬁnqgaentwecrwde’f@aatqeﬁgs {hat
are growng X n e i cal racter,
and typi ca’F?y&Sl F\bg%dmg n%@tgﬁt‘rgeogp%e %hédggrbgg:t g}rl%t etg&ggpé}ﬁé ir}tgtshn?lhe& of the
subst r at etengieentural rangdse as Wetkndhs mésehhénvextioe foldidlsi thiy heeddiahd ifouthdr t o
control with, precision. In the present approach, on the other hand, the

oxi de coaPioR eﬁﬁelﬂé‘ﬁ‘)%‘fat‘%ﬁn its final form rather than being dependent
upon processing and/ or service exposure. The oxide coating is of a

vel | - def i BREEE QPRATIAR POPASEINYRANTTIORE Sel ection of the source reactants,
and the conposition is largely independent of the underlying conposition of
t he substrate conmponent upon which it is deposited. The oxide coating is of
a well defined type due to the source reactants and the deposition
conditions. The oxide coating is deposited to a well-defined thickness and
is substantially uniform (or controllal2ly nonuniforn) throughout the

t hi ckness. The oxide coating is stable at the service tenperatures reached
by the articles such as gas turbine disks. The protective coating may be
readily re-deposited or repaired in reconditioning operations. 4 Q her
features and advantages of the present invention will be apparent fromthe
foll ow ng nore detail ed descrr ptr on of the pref erred enbodr rrent taken in

o . - Y



BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1 is a block flow diagram of an
~approach for practicing the invention; Figure 2 is a schematic view of a
portion of the turbine section of a gas turbine engine; Figure 3 is a
schematic view of an oxide protective coating deposited upon a conponent
substrate; and Figure 4 is a schematic view of an MOCVD appar atus. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON Figure 1 depicts a preferred approach for
practi ci nghd prRsdr idehiioM protidias héthéd fR ﬁ&@&ﬁ@%gas%&blm&%ﬁdmh@usea whi ch

is illustrated in Figure 2, is provided, step 20. The gas turbine conponent
30 may beatod nmdpraﬁfpi}érdwatcdt sepece ﬁmaagag tempdratruee cd"mpoawmachcallmw the, for

exanpl e, a turbi i sk 32 |ne seal ele

sohenat | el efrince ol be dab bibing corRaneR Sk begptdiced asBeihe B ne

bl ade 38 MHBEIE@IIB% trﬁ@sa&@aﬁalﬂoytlgbmté&edﬂagahsﬁémﬁorﬂ&% d%nagkf({%lgg adi sk 40,
a stage 2 turbine blade 42 nounted'to the Stage 2 turbine di

forward spmatective ceatiraf that asmbppled atnal reiatlveﬂy éowttagxpemaab 4Bhe prqteqbwe all of
t hese turbine di 32 and/o t ur bi nts 34 pr.ovi ded for
coating bSPAAG li)ﬁlgzllé'n?dhﬁfﬂﬂ EHh1no 8‘??8 3 feﬁb HBHB?‘H%% ngﬁ’ie ﬂYl‘nﬁy t he
hot Conbul%sbcmetﬁlaﬁﬂé id S0 %HQH&G@ d8ks ﬁQ@ﬁEH %‘éantignal?ertt}ip'dﬁﬁ nsfIR%f @B Y 2
portion of the sélected turbine conponent 30 I$ coated e tur |ne bl ades
38 and 42article tosthidoatieappbigdt ke pretseive capngoiaalso réduilyt recdriditioredrpdnent i s
preferably made _of a nickel-base alloy, nost preferably a nickel -base
super al | ofPRIEedf BREESSAY e al | oy has nore nickel than any other elenent. 5
A ni ckel -base superalloy is strengthened by the precipitation of gama
prime or A h&had £f p&@aﬁl Qitebfiledd SR8 hib@MnOtt ene 88,
a known al |l oy havi gg rﬁdbgr?al corerpogﬁ)?lnon i lwel gﬁ egifr)gﬁelﬁ%dl@h%

per cent cgﬂsa:unb;mel@nnmnwn andcdapositingan 4xjplercoating orothg ke urbine 3omppaent ent
titanium, 2.1 Egrce I al um num 4 percent tungsten, 0.70 percent niobium
0.0l5 perl?:erﬂpo RO 03 percent zirconium 0.03 percent carbon, bal ance
ni ckel and minor inpurities. An oxide coating is deposited upon the gas
turbine cvﬁ@gﬁ\@%ﬁﬁb R¥mpBR&GT MEPOSd O Othy B8P be? tRE frbHf Bﬁroaah ggre 3
illustrates the oxide coating 60 dep05|ted upon a surface 62 of the gas

t ur bi ne cpﬁm:i@ﬂaﬂbt a@@,ntaghoushwhmmdytospmtﬁes ga&stw{bmat@smpanmtﬁér fportianke oxi de

coatin T oxide coating 60 is,. t |ca osi t ed n_.the surfaces
62 of " hoDirepb el SiRerERce T sS oA B EBR Bh FoBurtoHa OBLBSR Fedibe o
service o at 40 to
760C) . Thgﬁ{)m 8‘!11% (}%ZW Ekra SP?JS gﬁ}éﬁf&?“ﬁ%%gﬂggaggalgﬁpﬁoéggg%@ ?ons

such as tdhek pord itabmeoseat mnhemt b| The dntite 82 nehinet dvenmephte hedab ket bahose

service erati.ng tenperature i s | ess than, about 1000F 540 because t he
nat ur al Oifsieddn MAY 63565 o Lok §XmRles theypid- B}-O‘{tﬁrep?ﬁjlpgrq §%Z'J‘+3 ARt r ucti on

provi de stﬁiﬁlh@uﬁmnﬁ' RhRACR il f}htﬂb"i‘ér mrfepﬁoﬁiéh%?tﬁé)ﬁﬁﬂ 3 Bfhdks an
unnecessary wei ght and expense. e Ooxl ¢oat | 0 is typrcally not used
on those gotstmayrs mdyase be eoated e operatlng tenperature is greater than about
1400F, because the oxide coating has a tendency to spall and fail at these
hi gher tenperatures. Mre _.c X protective coatin such as al.um ni de

i 1 usi on B OBIEFPApetD REFSTERY SePRrtEpbY Gt SN RN FAPPEoeB P Tings . ar o
requi red @ogyed), NigREMAEUDEhRICR: a THi-REESEAER Pie QX iiflewhigRthRos are
desi gned to provide oxidation and corrosion protéction I1n the indicated

i nt er medi dipesitesinpadeais depositad gpon fortionxofitbe suizstmwghﬂ(}are aotdeﬂbbl freed aby a

vapor depo ition process, nost preferabl met al an (g{g m cal vapor
deposi ¢ | RS een FEREbg Coptrifl conerned faf PR Eony NECYOGPpaparss 70 1 n
whi ch SUC&be?eﬁeQO%ﬁH Istb®RxIHRY ab el Qﬁé‘iﬁdsubé\{%%/% Qtﬁfets'lﬁnthe
procedures and depositi on appar at us are nown ot her ‘applications, and
t he fol | osahggof sbaut F50-O50UeaO0iFIOPO) Athichiag essaibladedsiionnitsthe Thwe 6
deposition temperature is desirable, because the substantially higher temperatures

required for many other coating-formation processes would adversely affect the

structure of the substrate gas turbine component. At higher coating temperatures,



MOCVD appar atus 70 includes a deposition chanber 72 in which the gas
tur bi ne conponent 30 to be coated is placed. Those portions of the gas
turbi ne conponent 30 that are not to be coated are masked prior to
pl acement in the deposition chanber 72. The deposition chanber 72 is heated
to the desired deposition tenperature by appropriate heaters 74, such as
resi stance el ements. An inportant feature of the MOCVD process is that the
conponent théfd is RN pytBhtedl fohendesirsifle eaictios BOshob pekpRgseffet id flsapad to a
relatlvel%.Iom/tenperatyre during the deposition process. The gas turbine
conponent distegtians due ypresidpalstresses.e fhe service tampesasuree of abioe disk alloysard al | oys,
whi ch are_subject to. hea tment s, ning, pther processing to
gt t a}_n ygf?}cg%gf% éle:Cib@ofEBF%pgi lﬁﬁ(g}%oisagrg&h?ﬁ?@s ﬁﬂ;a er&fg t
enef i ci £ N8 ferfiHRS HHH E8Mting U ClehPBRhirty betBwh el rARROSELAy erature
woul d advé?gg?y af@%ct tﬁﬁg stw%cture? The degosigﬁoﬁ ?gnper%? Fe%?g whi ch
t he gas tmxidésnﬁat:mp(ea@im aiRD desimblybéepositedebly IMOCV® dehatei the anxidehefrher 72
depends u gn,t e mate éalhbe}n %e OSItégkll n rrany,((:)asesf hom?ver, t hat
deposi t m&;& etad lzomd ﬂ‘i_ﬂ ;é’ P ﬁ'géi a@?wenéﬁﬁw- 9sBRtaluBOIERYE) bel ow
e expectRdciR6ihting® APSF Mdsd DxiRUREH b Hepdifted BE NORYAS! aP Rnfle e gas
t ur bi ne conp%nent 30. In soﬁe éases 3? paﬁ%icﬁ?ag oxi de gog%ﬁﬁagwgg, t he
deposi t i obelowrtheseatngessexaept foesdiaar MOLC VD glepositiam df sities és hérfirareddeposi ti on
tenperatures are useﬂ,qﬁl with are,ag&ﬁgonglderaaion,to avoi d ﬁdverse
effgcts o‘i?“ﬁ’ﬁ@t‘ﬁfﬁ_j%?t b b“yr@ﬁ%eﬂaﬂd SRS LB IR SRIP B9 Corpationtge e $hor t7 gat -
pr oduce i cygp C . fe . f haHhen a
i s heat ega 3(53 ﬁglaqi el\gri ? 8 .H{Fﬁg{eﬁlgggg)nﬁohi‘g{hgr%l(%r%gﬁ? mcsf}gglrln&@g{s conpounds
t hat contabont 02eo abeuteidtdictamdierspaltioagh &ds pferredakatrtht esidotoariigeiaval s t hat
may be carried as organjc vgfors t hat  al so contain oxygen and nmay deposited
by this abpyidaess ofdfranyabqut §,5 tgaboptbmiremetetsni num siiicon, tantal um
titgniunl and chromlﬂg E;gniéﬁs ofkgrgaﬁhf chenigal conpounﬁf th%L may be
used to tYRNSRAEA: SHHFshcHB 5 t 9 egtdws e
reagents 76 gro uéﬁﬂhncorga%?c vé%%r %ﬁ%t c%ﬁtgﬁﬁéngn gﬁ%gngpg%t; the neta
and al | otdating,ed &epnteantepededxide doatingst inay dei glewn amt a sgbshi@te SimplyTbg vapor
produced fromthe reagent source cgggber 78 flows to the deposi |gn chanber
72 ?nd th"éﬁi’@é‘n&Eﬁ fu ﬂ@?a@htagrgz l%ﬁﬁwe% Pfﬂhﬂeﬁéspin uB%nt F_tf _
surface ,ﬁgﬁ DY, ur : it is a
non-Iinegﬁaglg t gg%%ess.(%Hesﬁgtalﬁﬁggr}nggea orstgﬁﬁgﬁiégsﬁg$tﬂgearticIe
bei E? goazlre@if anemdeéfineg ategiicqlh_ﬁnd Ighysia;l ?hmttggmditypiceabrlciiaslmﬂblagnh{/urlé i ne- of
sig eposi t.ion processes. e deposition iS nor .conducted in a
r educed- p? %G?Sedg?mm‘%ﬂiﬁiéﬁlﬂe, nafyre; plather WASEs, daater n%?a%ﬁiﬂe$?ﬁ the pr ovi ded
as a vacuimy aﬁﬁn ks difAMAG LRiopr ovi ded to evacuate the
deposi tion cﬁa eg %%’és nggg@%ﬁ“ﬁﬂfﬁggﬁgﬁ traps, filters, and condenses
the rel eased organi c vapors that are renoved fromthe deposition chanber 72
ei tth_er di6]netble: Ipyesemt agprc_tahh,dm?ﬁnmlnqngmpd,&he o:&idgrdotaﬁmgssc:dposited}ih?‘;]scﬁﬁadif I
coating i gure i s ermined in part, by e nature o e a
or gani c N rgﬁﬂethf%r?ﬁmga SRR POPGRPESSSAE SRPT FEVISS MPSHICx BBUr e of

the gas teyild B&usRIPENE Vel ihed &&gp&%&i bagwga&{:th\éase%&imi bembRbgkpess t of

the oxide coating 60 is typically fromabout 0.2 to about 50 m croneters.

Mor e pr ef eacthity, and ke ¢cdmpdsitends largdly independenieofaba tndeglyd@ domposivionatfout 0. 5
to about mcroneters. It is preferred that the oxide coating 60 be

ol at s vel e BHRAIE R Rinehbyp P hiER Sb s dentiedo T S CoBBRtOF # OYHC e
surface Og(hRd HRAlhe B Ml abiEhS 3hadnt ERIM or YeHldRRorRE WL BiligOM
tenperature and the service operating tenperature. If the oxide coating 60
i s too theaatingls hilepssitedsts & hagell-défimed hicknassc amdrid eulsstaritinly ainifiaym b@r

i nconpl ete coyerage of the surface 62 (i.e., bare, spots) and i nsufficient

t hi cknesscaollaaly Sonnifosm) tRughat thethiskhess J?le pﬁ@;ﬁﬂé&%@é&ﬁ%%@l? ate 64.

I f the ox{ i i Nl t i . y [ % debond
and spal léegﬁéi%?ﬁ rﬂggn%g%lﬁgrégglﬁog@e{hg%A?Se%%ﬁg\slgésd@{%ﬁﬁlgﬁg% tT&gF ro![t céln/?hi ckness
of the oxé¢aiting aalyibegeddilyrérdepasitgd onfepaibalin récomd Bioningrapeettiens, nost
preferably about 1-2 mcroneters, is preferred, providing a balance of good
adhesi on of the oxide coating 60 to the surface 62 and good protection of
the substrate 64. The present approach has been practiced using sinmulated
tur bi ne conponent hardware, follow ng #he 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 tenperatures, and
their deposition pressures for these depositions are 8 as follows: ( 1)
al um num oxi de, deposited fromalum numtri-isopropoxide, also known as

Al (OPr)3, netal organic vapor at 790F (420C) and 100 mtorr ( 13 Pa) parti al

o S a b A NN N o




Al t hough a particul ar enbodi nent of the invention has been described in
‘detail for purposes of illustration, various nodifications and enhancenents
may be made without departing fromthe spirit and scope of the invention.
Accordingly, the invention is not to be limted except as by the appended
clainms. 9 CLAIMS: 1. A nmethod for protecting a gas turbine conponent,
conprising the steps of providing the gas turbine conponent; and depositing

an oxi de ofRk ifBfuldP URd! diRaktaSest o teNSreCANRARGRbN WillVBP AppAEROFLLI @8- 2. The
met hod of claiml, wherein the step of providing the gas turbine conponent

i ncl udes fohlewsngmorsf detrilediddsamptian plitheipnefedted emb@dimeht taken irocbngéinctioni m 1 or
2, wherein.the step of .prqviding th s turbine c onent i ncl udes the
step of pWHbiﬂg‘? AepolnpeniBE diavungs sy Efipteats, oY ey REEREP 1B e AAEHRES of ¢ he
precedi ng I whefel : N ' ‘fsoﬁ% ' i ncl udes
the step %ﬁgéﬁgﬂt‘@ngﬂ% Ebé)b gg’ |f eﬁggﬁtﬁoﬂgpgﬁﬂ’ gbgﬁ%ih%gggé g)tetr?e gafseﬁtggr bi ne

conponent ethbadimgnta servi ce operating tenperature of from about 1000F to
about 1400F (540 to 760C). 5. The nethod of any one of the preceding

claims, WaghS BEsRRiBT\ Ur TRRBRAWRGSs

Figure 1 is a block flow diagram of an approach for practicing the invention;
Figure 2 is a schematic view of a portion of the turbine section of a gas turbine engine;

Figure 3 is a schematic view of an oxide protective coating deposited upon a

component substrate; and
Figure 4 is a schematic view of an MOCVD apparatus.
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.



t he ‘oxi de coating includes the step of depositing the oxide coating by
‘metal organi c chem cal vapor deposition. 6. The nethod of any one of the
precedi ng clains, wherein the step of depositing the oxide coating includes
the step of depositing the oxide coating of an oxide of a material selected
fromthe group consisting of alum num silicon, tantalum titanium and
chromum 7. The nethod of any one of the preceding clains, wherein the

step of dappiskdlibage blyeralldydis steagthered théd%@cibh@tidﬂ sp§&{mquﬁﬁﬁé btaAg the
oxide coating in a thickness of fromabout 0.2 to about 50 mcroneters. 10

8. The netalted phasany wekeldnse swpersllex eflinterestlinRene 88uadmeivm allop having aof
depositing the,oxide.coating. ipcludes e ste f .depositing the oxide
conting | TOBIEHFRAGHRE I PRkl Bosti of B neit b acharts P PRieentfeansimg 4' o
met hod f operdéingslybdedum, 3 FSperétnP tid@ivee P PerEnt MAHRNS URrdhernpals of
0.70 percent niobium, 0.015 percent boron, 0.03 percent zirconium, 0.03 percent

carbon, balance nickel and minor impurities.

An oxide coating is deposited upon the gas turbine component 30 by vapor deposition,
step 22 of Figure 1. Figure 3 illustrates the oxide coating 60 deposited upon a surface
62 of the gas turbine component 30, which thereby serves as a substrate 64 for the

oxide coating 60.

The oxide coating 60 is typically deposited upon the surfaces 62 of those portions of
the gas turbine component 60 that experience a service operating temperature of from
about 1000°F to about 1400°F (540 to 760°C). 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 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



provi di ng the gas turbine conponent selected fromthe group consisting of a
‘turbine disk and a turbine seal elenent; and depositing an oxi de coati ng
upon the gas turbine conponent by netal -organic chem cal vapor deposition,

t he oxide coating having a thickness of fromabout 0.2 to about 50

m croneters. 10. The nethod of claim9, wherein the step of depositing the
oxi de coating includes the step of depositing the oxide coating on a

portion oMOOVDY afaﬂlﬁdOV@Qn&@dHQOdlﬁEﬁoshﬁ)‘ﬁl SHhnibeP T2 VinCRhiIRR Ghé igh§ GurbBgper at ur e
of from about 1000F to about | 400F 1%@,00 to 760C). 11. The nmethod of claim9
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p ;

the oxide coating includes the step of depositing the OXIde coat | in a
t hi cknessapfropniaterherters 74,0sush aoreaistince dementsonet er s.

An important feature of the MOCVD process is that the component 30 upon which
the oxide coating 60 is deposited is heated to a relatively low temperature during the
deposition process. The gas turbine components 30 are typically forged or otherwise
mechanically worked alloys, which are subject to heat treatments, peening, and other
processing to attain very specific microstructures and other structures that are
beneficial to their subsequent functionality. A high deposition temperature would
adversely affect this structure. The deposition temperature to which the gas turbine
component 30 must be heated in the deposition chamber 72 depends upon the material
being deposited. In many cases, however, that deposition temperature is in the range
of about 750-950°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 oxides include aluminum, silicon, tantalum, titanium, and
chromium. Examples of organic chemical compounds that may be used to transport
such materials will be discussed subsequently. The reagents 76 produce an organic
vapor that contains and transports the metal and all other elements needed to form the

oxide coating 60.



13. A method for protecting a gas turbine conponent, conprising the steps
‘of : providing the gas turbine conponent, the gas turbine conponent being
selected fromthe group consisting of a turbine disk and a turbine seal

el enent; and 11 depositing an oxide coating upon a portion of the gas
tur bi ne conponent having a service operating tenperature of from about
1000F to about |400F (540 to 760C), the step of depositing the oxide

coating i maé YdhSIpiodet BBmOthelRAGS (soliite {dMEmBY 98 FRA td hePdepBRitR- O gani ¢

chem cal vapor deposition, the oxrde coating having a thickness of from
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reaching regions that are not readily accessible by line-of-sight deposition processes.

The deposition 22 is normally conducted in a reduced-pressure environment, so that
the deposition chamber 72 is provided as a vacuum chamber. A vacuum pump 82 is
provided to evacuate the deposition chamber 72 as needed. A trap 84 traps, filters,
and condenses the released organic vapors that are removed from the deposition

chamber 72 either directly or by the vacuum pump 82.

A thickness t of the oxide coating 60 (Figure 3) is determined in part by the nature of
the metal organic vapor, the temperature of deposition, and the time of exposure of the
gas turbine component 30 to the metal organic vapor. The thickness t of the oxide
coating 60 is typically from about 0.2 to about 50 micrometers. More preferably, the
thickness t of the oxide coating 60 is from about 0.5 to about 3 micrometers. It is
preferred 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 temperature 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. Studies have determined that the
thickness of the oxide coating in the range of about 0.5-3 micrometers, most
preferably about 1-2 micrometers, is preferred, 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 deposition pressures for these depositions are
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at 800°F (430°C) and 150 mtorr (20 Pa) partial pressure; (3) tantalum oxide, deposited
from tantalum penta-ethoxide, also known as Ta(OFt)s, metal organic vapor at 800°F
(430°C) and 120 mtorr (16 Pa) partial pressure; and (4) silica, deposited from silicon
tetraethoxide, also known as Si(OEt)s, metal organic vapor at 1275°F (690°C) and 500
mtorr (70 Pa) pressure. Silicon and other elements which are not strictly metals are
included in the group of elements that may be deposited by MOCVD, and are included
as “metals” herein. One of the features of MOCVD is that different ones of the
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 particular 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.
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L. A method for protecting a gas turbine component, comprising the steps of
providing the gas turbine component; and

depositing an oxide coating upon the gas turbine component by vapor

deposition.

2. The method of claim 1, wherein the step of providing the gas turbine
component includes the step of

providing a turbine disk.

3. The method of claim 1 or 2, wherein the step of providing the gas turbine
component includes the step of

providing a turbine seal element.

4, The method of any one of the preceding claims, wherein the step of depositing
the oxide coating includes the step of
depositing 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 any one of the preceding claims, wherein the step of depositing
the oxide coating includes the step of

depositing the oxide coating by metal organic chemical vapor deposition.

6. The method of any one of the preceding claims, 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, silicon, tantalum, titanium, and chromium.

7. The method of any one of the preceding claims, 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.

10



10bSf; s109%& () - ( 10%& () - - f EFFFFFIOKNKbCl 109%8& ()- 10%& ()- Y 10%& () -
10-u 10-u 10-uyy; 10% u& ()-s3 10% u& ()-nKLLLLLLL MbCs109%@& ()- 109%@& ()- F
10%@& ()- 10b 10b 10bf;s10%& ()-$ 10%& ()- MIMpMM NNAEbC 10%@& () - 3
109@& () - MLOY@E ()-F 109%@& () -

109 () - 10%@& () - NNEOOOP[ PAEbC 109@& () - Y( @GLOYEE () - & 109%@& ()- $y

1096 ()- |"109%@& ()- 109%@& ()-[PPP' QeQQ RIEbC710%@ () - 34

10%@& () - 8 Y109 y bhe YRl clairh® ¥Ferbih the RROC
100, ) U PR e Fy sl e TR

109%% () - delBidaioplindIBEHESThE G ep@if
) ! - ) ! - ) ! - 0, ! -
10% u& () - 10% Hegfjogi)tin%nﬂig é)axlil e g%atYn:éoi{? ggfhl(c}(ness of from about 0.5 to about 3

micrometers.
9. 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; and

depositing an oxide coating upon 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.

10.  The method of claim 9, wherein the step of depositing the oxide coating
includes the step of
depositing 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).

11.  The method of claim 9 or 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, silicon, tantalum, titanium, and chromium.

12.  The method of any one of claims 9 to 11, 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.
13. 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 turbine disk and a turbine seal element; and

11
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oxide coating having a thickness of from about 0.5 to about 3 micrometers and
comprising an oxide of a material selected from the group consisting of aluminum,

silicon, tantalum, titanium, and chromium.

14. A gas turbine including a component which has an oxide coating deposited

according to any one of the preceding claims.
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