;[\ e3eWn x*6” T8< METHOD FOR APPLYI NG DI FFUSI ON ALUM NI DE COATI NG ON A
SELECTI VE AREA COF A TURBI NE ENG NE COVPONENT FI ELD OF THE | NVENTI ON The

invention relates generally to conponents of the hot segt, f gas turbine
engines, and in particular, to a diffusion al uniniding E’Wﬂmﬂﬁlmﬂuﬂlm
depositing an alum nide coating onto a selective area o

conponent. BACKGROUND OF THE | NVENTION I n gas turbine engi nd®!59f or exanpl e,
aircraft engines, air is drawn into the front of the engine, conpressed by

a shaft-nmoun c X ' i xture is

bur ned, and Wﬁ@?@éﬁa@ﬂﬁﬁ@?‘ﬁ?@gb@ﬁwm‘éWTW% unted on a
shaft. The fl ow GELEETIVEAREARSF AUTORBENEMNGINE COMPORENghaft and drives
t he conpressor. The hot exhaust gases flow fromthe back of the engine,
providing thrust that propels the aircraft forward. During operation of gas
turbine engines, the netal parts of the engine, are in contact with hot,
corrosive gases. The netal parts require particular attention to protect
themfro {IER ﬁ es. These netallic parts include bl ades and
vanes us?ﬁ??ﬁﬁ?ﬁhe Ig)\?\‘/ﬁof t he hot gases, as well as other conponents
such as shrouds and conbustors. In order to protect the netallic parts from
t he hot, hd drstentien apldtes oganemlly etoeédneparentst oft He botnbactivh cof gass brbine

envi ronnment al coati.ngs t.ypicall e.applied.to the netallic parts. These
onvi r onertieiesc.aa o ot g o AP R waSst 1oq gettishdng o

t enper at Uzl@miifld@foaih Ve Eictective Brendf 8 neBidedbmpBh@itENt or el enents, often
al um num These elenents diffuse into the surface of the part to forma

di ffusion_coatin rocess. call ed chem cal vapor deposition (C VD). In

a
one for m%ﬁ&%@b&% FHEINVENTION nade of a diffusion nickel aluninide

or platinumalumnide. Diffusing Al into the substrate has also proven

ef fecti Velna%@'tﬂrﬁnem,n lheE,%P@iﬁﬁTﬂé,eai%fgaﬁn%%, hiP iP@AdWh'iRM_th® front & WEOVI NG
adherence of the ceramc TBC e CVD bo coat surtace forns an al um num
oxi de scaé¢mgimh,comgressgodsua ehafbmoxytgd motagneamnpressgr, andwsigbd meth fael. dhevat ed
tenperatures, providing . increased resistance to, further high tenperature
oxt Gt | onmoaigs BYsPL R b RR BRiel aff Tavredrarish Adpri P dr o e

al um ni de, GRaYET N (VW dfegOturi 83t tukBIn®ewhidR | tifisViBle shBandt fidvesOthet hese
met hods include "over the pack" al um nizing, pack alumnizing, flash

el ect r opl eampigssof. hhehetlexhaust pasgs flawrfran ths back @b dierengmes mowzsgngjthwst
applicati e of these well-known nethods. Frequently,

t hese env@?%ﬁgﬁg%%g{fg 1%@&”?%»«3/ SO serve as a bond coat in a thermal barrier

systemthat utilizes a thernmal barrier coating over the diffusion alum nide
| ayer, thBoshy operpich ofjgashertfinaasfings, thfe thetak pdrtsafithdending, apx hacsttacggases to
the parts by.providi.ng an insul ating |ayer and. aJl owi ng the exhaust gases
o bo hot VAl HBhAMAB P R h L PaELA Ay BUGIERa Rl BRGNP PRAEGIGY et ve
coating sRER!hERoAMuNich Saes NThéREméthlliR fakts iRuRlhdes BAL 2Rk RRHAG damage
may be caused during machining of the al um nide coated conponent, by poor
handl i ng difect lee Bowpainnthot gasesgas wseasuather enmpdngotsuucihgs phioads gad, duri ng
routi ne mai nt enance or through the normal operational environnment of the

t ur bi ne c%%n%%g%f' Waen repairing chipping danmage, it is not cost effective
to renove the remai ni ng undanaged coating and re-coat the entire turbine
conponent In érdsit ®agtotecothal metalicrpapaiffon® thedivtyoxidtivd auid goerosive feffeets iof
attenpted. Current practice for localized repair of alum nide coating on
damaged othescompuistion: gasesagnvigonmeatal cpaings typispbnar: apnlicd e fps imstalicpy, for
exanpl e, ) iNRs e ol i ry or tape
pr ocesses&%br@iﬁ%‘e, |e %é(!i@*%?%%% g?g&fggm?(ggh t%@nﬁl %p%s%lﬁtépya)(used by
t he Assi gwrempeniturt e apaasespheiemicdinini 2ocertam sleintntasthdaneds, dtendduraininv at ed or

non-activated i.ron alum num al.l o ont ai pi ng about 55- w. %.al um num
fone or " Bhese aibmoys s Blsate Susfrmot it BREd9 (BBRc AT ERInESD. 60 ut
% al um numoteedal%anéd Heated vglg)rtrgg oSIEOE@VYE RI0AR foieh, ik &R RfhenthNEodiaped

conmponent” i s aced inside al coating box or can and packed in an

i nert al uisimadgeofoxdiffesippwinkel alomingtlel ot plativap alimingslea daifasidg dshtot the:
machi ned gurb%farlatg ralsra]l otpr}gve%oeaf%elcﬂge gé’aeiﬁsa%tﬁi&l” tenili)rf]e?at&r%a()tfi&%ogc% agaiti%%QOl s 2
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heated to between about 982.22C ( 1800 F.) and about 1093.33 C (2000 F.)
under an inert (reducing) atnosphere for a tinme sufficient to permt

di ffusion of alum numto achieve the desired al um nide coating thickness,
typically about three to eight hours just to acconplish the soak at the
tenperature to achieve a coating thickness of about 2.54 x 10-5 to about
7.62 x 10-5 m (about 1 to about 3 mls). One cycle can take from 14-32
hours. However, buiIt up stress fromthe thermal expansion m smat ch bet ween

th t d t
i st or t1 oGV RRGDgreats of 2, HEmioed Bong HE CCOnORE oM MUi<E JorRs Bonpanent
unusabl e hlﬁnhﬂﬁn%&ﬂierb%alemﬁng @uﬁ@éa}eet qgggamemtaﬂu@t at%sﬁie%&adm@a@a gr eat

cost. Wat is needed are inproved to a ffusion al um nid
coati ng t tempetashrgs; pm&ldm&mcmasgdwr@rﬁganne t@cfnﬁbtnelngh tvmp@mtumgmdtason n | ittle

or no war e o |stort ["pQne hen ste The

o econt 1 OBt TP felt®0; Aol S RARC R MiGpin EoEaliRE} oyl
advant ageﬁot ﬁdhﬁﬂ%%&né[ﬁﬁvd NYENTHERRE bh tme fh@thﬂds 1d¢ﬁ1d@r'&ﬁzeﬂtthd Pyt i on
provi des both an inproved nethod for a i.ng diffusion alumnide coating

on a sel eakmjgizingeRagk abininiziien dlagh glag OE H%@émlclﬁh@nénéa%mmgs apr oduced
by t hat §38%e folb\Lv &ng%@u‘%g@]% Bf-al'uHIu'hﬂg %9 2R thede RGAL KRN mefhBad. ocal | zed

area of the conponen rat an the conplete part. Either
hal i de acFreqaémtby thiese enviemimeonsdl dalyead alno mmeamarbmdtcamanlasthapnﬂlltmmarn t he

area to be coat d is held i I ace during oa usin h
tenperatuﬁbésedv ﬂsv e?gm%f%hgrﬁabéomgdever 51&@§P Alimds hanp i s
used to heat.RNnpdilty &Rl Gkt LrAlRR foth thE A8E LRBubEIRRE A Yhe g&mfts %?OUt
982.22C (1800°F.) to about 1093.33C (2000 F.) under an inert atnosphere for

about 3 t proaixbog a@ insulating layeaehd ellewingdhel exhausidgaseivi bd bietter dbeani would

t hi ckness. Wil e, t he ak time remains the sanme to achieve a desired
coating tﬂf‘%m‘i‘é%Be ?ﬁ?g)%verall cycle tinme is reduced to 6 to 12 hours. The
desired thickness of the coating will vary with tine, with |onger tines

provi di ng Chippirgest the ptdte@ive cdatingBoendtindshecledating ettt lifeatfithgpandThis
application, alum num vapor generated fromthe tape wll onla/ deposi t
al uni ni de cRipRINEndamate HEaSt disegasiedadunipg machining ofhdhwﬂkmﬁg ofcopisd

component oREUAEChy>H5bARAHE ol AGhHont A &J}ﬁlgfg sQ3nt BE BBk, C0t 1 NO

is require arrier coatin
yttri um spelsedses eidrmg rmmimieanz(lfrt&Za)n_cmy tltngugieqheslon'eai apemtiohdlenvepainerdd

al um ni de ati ng of the nt inventj. n the diffusion.alum nide is

part of - aof ferirlheepmcar R SURisPayior ChiPPERd bt gl 5o e edent

i nvent i onpdmgoveiit r&rﬁﬁnﬁ%aﬁddﬁﬂxagé@%ﬁg aBd rERb& thE VRNl RfbiAeIBNpsdeat.es a

distortion-free, alum nided engi ne conponent. By avoi di ng the significant
8

war page cénsirad, ipalized repair pf erly ithe denagedamur fage tSh%teémtf#d' eCogaanagiicei n a
packed c 0 8&11994< re(l’)aﬂ of ?1111 nid'etcblit?nsé 8{}3\98%1{;‘% @lr&:ttl\%agrggsf (];fr tﬁg]tlﬁgfn%pped

parts, w cos savin

i nventi oncomp@ﬂmt 1stdxellnphﬁsdhy6’5:°/eﬁaﬁqﬂxf;tu SrPatéhthiistSGM cy::hmiﬁomﬁsemd a 75%
reduction_ in c¢ool down cycle tine, with resultant cost savings. Current
practice F‘é’&lﬁ‘?&%‘umﬁﬁgtq}%é’f"cﬁﬁ%nd cool down cycles of generally 5-12 hours
per each cycle, due to the heating up and cooling down of a | arge nass

conpri sedpgf e @Ik, TH D RIpritfarh VB erQhlUrh P LAY LR IAR MR onee of the
present invention, a self-adhesive halide activated or non-activated iron aluminum
alloy containing about 55-57 wt. % aluminum tape or, alternatively, a cobalt
aluminum alloy containing about 50-60 wt. % aluminum tape is placed on the
selective area to be coated. The taped component is placed inside a metal coating box
or can and packed in an inert aluminide oxide powder to hold the tape in place and

mask the machined area during the coating operation. The coating box or can is



Still another advantage of the present invention is a significant |abor
cost reduction. Masking of machi ned surfaces with al um num oxi de powder is
no longer required due to the | ocalized heating and application of coating
material utilized by the present invention. Because masking of the
conponent is not necessary, yet another advantage of the present invention
Is that the process is nore environnentally friendly than current practice

si nce al um num oxi de powder waste is reduced. Continuing and often
i nt er r el athedtefl tp betreasn rbeuti $823325€Ccd 6% Ahdndrabat 183334020088 Fi)hmder

| mprovenents. of the.present .invention, can.provide. red Il ons and

my or § norbange (erSifR BERuie e SR saORidh Wi Sl B A REY i e
engi nes. 4o aclibWethe dedtddrsmmidt RANAhAKSssOfypidatly Abagehree kdwight iovs Wi | | be
apparent fromthe follow ng nore detail ed description of the preferred

enbodi mentjustitaRespmmish oy snaktat 81 tmperatuse taedidrysarspiating ticknesigel abereh
i |l ustrat i i nci pl . the. i i F
pEscR P G O e BRrRER: Brg T Bofte D6 o5 Blsh ot SHTEHUTAs BRRE, o1 e

vane w th bippiurg danage. Figure 2 is a representative view of the tape
applied to the vane. Figure 3 is a representative view of the tape hol der
positioned_on the vane. Figure IS a representative vgew of an alternate

4
enbodi mentHESeEt bl Wh%wﬁ%ér@abﬂ@[st%swaémalw psnagehy Betwiepn thesenging 5

phot omi cr Qg f f B usE LVEdE St idtort Lk ED
e b7 RiRReR ol HERMARASEN G pifad cRandwirb A8 istortfdh BkhE
selectively coated engine component, making the component unusable in the engine.

The unusable component must be discarded at great cost.

What is needed are improved methods to apply diffusion aluminide coating to a
selective area of an engine component, which results in little or no warpage or
distortion of the component, hence, less waste. The present invention fulfills this

need, and further provides related advantages.
SUMMARY OF THE INVENTION

In one form, the present invention provides both an improved method for applying
diffusion aluminide coating on a selective area of a turbine engine component and the
coatings produced by that method, utilizing a quartz infrared lamp to heat only the

localized area of the component to be coated, rather than the complete part.

Either halide activated or non-activated aluminum source tape is applied on the area
to be coated and is held in place during coating using a high temperature
dimensionally stable tape holder. The quartz infrared lamp is used to heat only the
selective area to a coating temperature of about 982.22°C (1800° F.) to about
1093.33°C (2000° F.) under an inert atmosphere for about 3 to about 8 hours to
achieve the desired aluminide coating thickness. While the soak time remains the
same to achieve a desired coating thickness, the overall cycle time is reduced to 6 to
12 hours. The desired thickness of the coating will vary with time, with longer times

providing thicker coatings.



Al t hough the nethod of repair and the coating produced by the nethod of the
present invention are generally applicable to conponents that operate

wi thin environnments characterized by relatively high tenperatures, and are
therefore subject to severe thermal stresses and thermal cycling, the
present invention is not limted to these "~ "hot section" conmponents of a

j et turbine engine. Exanples of such hot section conponents include the

hi gh and | ow pressure turbine nozzles and bl ades, shrouds, vanes, conbustor
liners and a tor. hardware of gas _.turbine engines. Substrat terials
of ten uaelur 1 I duetizeithoae fa pariiRon AR PuS oo onere f e BB
pover gengilabhlyeBodii MURMidEBYatingInUHe taped ki, AxODRKELL, R mhdkenl HEhed
superal | oys. The alloys may be cast or wought superalloys. Exanples of
such subseempanentmactined 1sutfacGppa adiacqrérie B0, regione uadergRngecopPisg iRene 77,
Rene N4, Rene N5, Rene NG, 4" h generation single crystal superalloy - MX-4,
Hast al | oy "X, "arid cobal t - based HS-188. These superall oys, although devel oped
for high tenperature 5 applications, still require protection resulting
from envi Optiomailyah tlsighabbartitvecoatihg (EBE) suwhais iyaniumRedlglirddwjroonin (YSZ) he
figures, where |ike parts have the sape nunbers, in accordance with a
preferr ed“@md{eﬁﬁ%’ﬁdﬁ“’ef H TRRRIES: 2 BRIIA0 §paling OF ShRORRST ipyegtion whep oy

turbi ne efgififuGHRARER eisf,%&?&qmnﬁalbmeﬁ&oaw%*aya&n.van_e 4, having a
selective area of Inperfection in the environnental coating, for exanple, a
chi pped region 6 in which substrate netal is exposed. The environnental
coati ng née bdyantage afitberpresgntanytinfibuss bat i eaatingiprodygetlibydhisgnvention

envi ronnment al _coati ng,. .for aml e, . a chem.cal vapor . depositi.en alun nide
coating, EnP RS ispRiandie Sipinied BT soRRBRGR 2P ot iflE WRe *spot
repair of sighifical wariphyecaised bofcuireiesrheivel diheating iR @itivé compaRintliin aoat i ng

w t hout the significant warpage and distortion problens associated with
current pPékesd ceating Box.r thgrenisplittlgfto tnperesltant (yaste Hpmascrapped nafs withent t hat
it is freg of.dir e, and other |ike contam nants nust be renoved. As
shown in Eﬁg‘.ﬁcg{"tctgmrf%?g]%&sour ce coating tape 20 is positioned using known
nmet hods on the vane 4 to cover the chipped region 6. The netal source

coat i ng t Ameth2Dadvantage of flerprescanpiventicaniy tiodt thene iscub % medystiax in beat mpt al
source coating tapes, ch, as CODAL ,tape, uf act.ur ed t he Assignee of
Uhe. pr eseRYCls e g Y ket el AR I erohdy Vo syels tine gt el oSt sap

acti vat edCofrefiOpladfdel réqiiRd 1bﬁgmedﬂlqurﬂna%phém cfa@st &ff FinBEhlIFNVE h&@rsS7 W . %
alum numor, alternatively, a cobalt alum num alloy containing_ about 50-60
W . % al uperragh cygle, dusde tﬁ@ heasiggiupeand deelies dpwn péaﬁlm‘t masecerapissed®fcont ai n

a nmetal li Sluﬁn%ﬁrﬁ%xfcﬁ%tg“%gp 1§1‘§Eh"eeenﬁfe &rﬁéﬁi‘é‘ﬁt‘mi r of replacenment material.

The netal "source nay “be, Br exanpl e, um num chrom um al um num chrom um

alloy, silicon alumnum alloy, titaniumalum num all oy, vanadi um vanadi um
al um num 8&till appthen bdstahtagk wiithe i preaend invemtibmad a cignifidast labdr. coEhecdwetial. sour ce

coating tape, 20 ptionally contain a halide catrier conpound,, such as,
For exampRESKREahATSRRFS STHoak VR AL B o BRPT TP o Ge.
ammoni um ehiar jodflizeR Heafid Und abpRiakif of ROLASS hialridl ANiARI BY $ndThrekéHtes
thereof. Addition of a halide carrier conpound permts a hal ogen to react

with the moeafiorsource at el evated 6 tenperatures to carry the netal ions
to the surface of the conponent where they react wth the substrate, the

which is.weld. k . i | i i d
o 05655 O B bon S SO B, e Bl o0

i nper f ect pgenttifent®hab (BAAUHE réesd iNfotapevidnicatalig! frieadlpahamgurrdg shown
in Fig. 3, a high tenperature dinensionally stable tape holder 30 is placed
agai nst t REacties dnceslynianeexide pgwderpasteys téluged-nt ai n the metal source
coating tape 20 in contact with the vane 4. The tape holder 30 is

mechani ca - At : ; Y, 5 t 4 ires 32
e S L S S e e e S S S T o

hol der mathebimnmbdvamdnes] ofitheh presgit iheentienatar provideectst oevhbictignssarmbimajasl | ps to
mai ntain the tape Eold r 30 inf ositiog on.thﬁ vane. 4. The tape hol der 30
i's requi r SFTESEHNIRGRRIFPIIIARE §f dIFES PYrh asairairtedt FURInG 698PRYy t ape 20 is
used, because as the conponent and tape 20 are brought to tenperature, as
descri bed bel ow, the adhesive binder which typically is an organic
material, is burned off, requiring nechanical attachnent to nmaintain the
metal source contained within the tape 20 in contact wth the conponent.
The high tenperature dinensionally stable wire 32, clips and tape hol der 30
are fabricated froma material that will wi thstand tenperatures above about
1093. 33C (2000F.) wi thout deform ng, for exanple, graphite, ceramc,

car bon- car bonconposites, ceram c-matrix conposites and conbi nati ons
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The high tenperature dinensionally stable tape holder 30 may be any shape
that will maintain the netal source tape 20 in contact with the chipped
region 6, as it is brought to and rmaintained at tenperature. In a preferred
enbodi ment, the shape of the inner 7 surface (not shown) of the tape

hol der 30 substantially mrrors the selective area of the region undergoi ng
repair. A heat source (not shown), for exanple, a quartz infrared lanp, is
positioned to heat substantially only the selective area of the conponent

to an effective tenperatyre for effecti.y unt, of LI under,an inert
at mospher D019 EhfRayEA diefiaett of eckishh HTonR L B, abbdorg RS TuET, "
shown in Riipwidg MBR UetdilRde desteipiiveovP|he pRfdRM kentbdasad, askeacant to the
chi ppi ng danage, 6 to nonitor the coating tenperature. The thernocouples 40,
when usedcemiurciepyith the gceomnenying ¢rawipes whichdbystigtes by swaywf exanplg) the he
coating t . . preferred enbodi nent, the selective area is
heat ed insgﬁapl%%agfﬁgt"%}g{ﬁ €re to a tenperature of about 982.22C (1800 F.)
to about 1093.33C (2000 F.) for about 3 to about 8 hours to achieve a

coat i ng t BREEREESCRIPANONIORTHE BRAWENGS ( 1 mi|l) to about 7.62 x 10-5 m (3
ml| ). The inert atnosphere is, for exanple, argon or hydrogen but can be a
non- oxi di lgi nge fit m)ther% such as_.ni téo en. B(-%ﬁaglse. on ﬁ)[at he substantially
sel ect i vel B | BAePrsentaiveiey of auur BeRt™ CLIPPIRE g6t with a metallic
source and is heated to a sufficiently elevated tenperature, netal vapor,
for exampFuréd W Rpresiaadle vigeoetritgst dppied twevage W |1 only deposit
nmetal, for exanple, alum nide coating, on the taped area. Powder maski ng of
t he machi ned surface of the conpgnent, as.required in current practice, is
t her ef or eFeyre }screprgsontatiye view ofthedaneholdes pastigneskorr the ¥a0gy a coating is
present in any adjacent areas. The present nethod of applying a diffusion
coating OfighrS@iLLldolBehfi AbwdfbHaRbAGIALREGR IAORAL Hefmalaplepar t of a
novel jet turbine engine conponent repair systemwhereby a thernmal barrier
coati ng (7BChed trothe vhmsan) is applied to the selective area follow ng the
application of the diffusion coating of the present invention. The TBC such
as, for exanpl ttriunstahildzed zirecon YSZ) deposi ted over

t he repai Egg'Peog#oy %}gé?mlgf()gtr?‘?teh optlrﬂé'esreell?f1 'r?éri%/egenc livéﬁr%ﬁé)lfﬁgxrpgl%hlhi gues well known
in the art. The followi ng exanpl e denonstrates the present method of

appl yi ng DENAILES DESCRIPTION OF EHE PREFERREMEMBODIMENTSDI ne engi ne
conponent: 8 EXAMPLE 1

Although the method of repair and the coating produced by the method of the present
invention are generally applicable to components that operate within environments
characterized by relatively high temperatures, and are therefore subject to severe
thermal stresses and thermal cycling, the present invention is not limited to these “hot

section” components of a jet turbine engine.

Examples of such hot section components include the high and low-pressure turbine
nozzles and blades, shrouds, vanes, combustor liners and augmentor hardware of gas
turbine engines. Substrate materials often used in these turbine parts or airfoils for
aircraft engines and power generation equipment may include nickel, cobalt, or iron
based superalloys. The alloys may be cast or wrought superalloys. Examples of such
substrates are GTD-111, GTD-222, René 80, René 41, René 125, René 77, René N4,
René N5, René N6, 4™ generation single crystal superalloy - MX-4, Hastalloy X, and
cobalt-based HS-188. These superalloys, although developed for high temperature



A coated scrap aircraft engi ne vane segnent manufactured from Rene 77

ni ckel - based superall oy was coated and the coating was intentionally
darmaged. Al um nide coating was renoved froma snall area of the convex side
trailing edge of the airfoil exposing substrate netal to sinmulate chipping.
Hal i de activated self adhesive CODAL tape was applied to the small area of
exposed substrate and held in place using a graphite tape hol der and
graphite felt. Two therm)coupl es were placed adjacent to the exposed area
of substr e p n ng d el ontrol the
coating t%srpplé:%tg I%’t g{lﬁ I% ﬁ%g (ftggr?\l \%ﬁsﬁﬁn fé%ﬁt ?%VI? Opl{n%%{?ftean é’getggr@garlrponent
was pl acedetetiGratien.an ar gon at m)sphere chanber and the snmall area having the
exposed substrate was heated to 1 OS 1. 67C +/ - (-3. 890) ( 1925 F. +/25 F.)

t enper at up.e_ usi 0 wat t rtz for four The Iarrp was
cycl ed by{{ Wé@ﬁs IgUsesyhg ?f'at stltwntﬁtlﬁt f% H%aﬁ &t ur e
range. In&ttﬁ%tfgx%reti &Xtﬁ)dixﬁ&ﬁ'df%ﬂ? QH@@%W 'at afbflkst orti on
or war page of the component ta gra I c eval uation e area showed

evi dence eaiging lopmpomat,t foe ajﬁempteeda it Ltmlmedeand'mc havang a)tseladmatarﬁa ® x 10-5

m(2 ml e The re ent t || area were .
subst ant i QT‘II’ E’ﬁﬁ%‘?t”e@‘f’@&"“ﬂ’? ﬁtl#;eafﬁ e’| ané}gquorﬁg'ﬁﬁ\ge‘b‘e%h‘cﬁescri bed
in connecmﬂaﬁaw xTnBtaISFP@%k és@dexm@leﬁslr@ﬁﬂe&m&sﬂnﬂg%ﬁy b%htf&eeﬁdﬂutlbed in the
art will recognize that resent invention is capable of other

vari at i onélf@lﬁ@nrﬂmmﬁli@aﬂppb% axienwironmentalcoatieg, fatexemple arpbemisabapor
enbodi rrena%)fogi%n aMn?ﬂgﬁ%ogt? mm&lowgfm ﬂ{ead[per than in any way limting on,

t he scope e present Vet on as presented in the appended clains. 9
PARTS LIST Fig. 1. 4vane6ch| ppi ng damage20t ape30t ape
hol der 32wir'hepda hicativmglloved for thal “4pdth ecpairocfuln sldofivatmaiofimperfection

si dell6susc ptor118sus eptor wall 12 usc tor interiorl36coversl3 8gas
sour ce14OE’ot§‘8 &P‘(li%t@%t%a iCRPERE WHAMY tg%?‘g‘s‘i e uapRgeAndfisiprtionsre E‘F“ét or

syst em 4058GULRNGliuPURIGHBARARS PHIredRRssmRdeRBtv el ifidiincbdliy

tenperature profile, nozzle thernocouple 304 tenperature profile, nozzle
t her nocoufhlaeit 30fed efrdier greasecansk ashér| like coptaplimanthmwnstbeagempdecd308 t enper at ur e
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ther n‘DcouRI Ehown in Fig. 2, a metal source coating tape 20 is positioned using known methods

on the vane 4 to cover the chipped region 6. The metal source coating tape 20 may
be, for example, any of the current practice metal source coating tapes, such as
CODAL tape, manufactured by the Assignee of the present invention. The tape 20
may contain, for example, halide activated or non-activated iron aluminum alloy
containing about 55-57 wt. % aluminum or, alternatively, a cobalt aluminum alloy
containing about 50-60 wt. % aluminum. All that is required, however, is that the
tape 20 contain a metallic source that can serve as a reservoir of replacement material.
The metal source may be, for example, aluminum, chromium, aluminum chromium
alloy, silicon aluminum alloy, titanium aluminum alloy, vanadium, vanadium
aluminum alloy, cobalt aluminum and combinations thercof. The metal source
coating tape 20 may optionally contain a halide carrier compound, such as, for
example, aluminum fluoride, aluminum chloride, ammonium fluoride, ammonium
chloride, potassium fluoride, potassium bromide and mixtures thereof. Addition of a

halide carrier compound permits a halogen to react with the metal source at elevated



WHAT IS CLAIMED 1S: 1. A method of applying a diffusion netal coating to a
sel ective area of a turbine engi ne conponent having a deficiency of netal
coating conprising the steps of: positioning a netal source coating tape
(20) in contact with the selective area; holding the coating tape (20) in
contact with the selective area using a tape holder (30) that is stable at
hi gh tenperatures; and heating the selective area to an effective
tenperature for an effective anount of tine under an inert atnosphere to
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dimensionally stable clips to maintain the tape holder 30 in position on the vane 4.
The tape holder 30 is required even though a self-adhesive metal source coating tape
20 is used, because as the component and tape 20 are brought to temperature, as
described below, the adhesive binder which typically is an organic material, is burned

off, requiring mechanical attachment to maintain the metal source contained within

the tape 20 in contact with the component.

The high temperature dimensionally stable wire 32, clips and tape holder 30 are
fabricated from a material that will withstand temperatures above about 1093.33°C
(2000°F.) without deforming, for example, graphite, ceramic, carbon-carbon-
composites, ceramic-matrix composites and combinations thereof. Optionally, the
high temperature dimensionally stable tape holder 30 further includes a high
temperature dimensionally stable cushioning material 34 intermediate the tape holder
30 and the metal source coating tape 20, for example, a felt material of, for example,
graphite, ceramic, carbon-carbon composite, ceramic matrix composite and
combinations thereof. The cushioning material 34 compresses upon initial placement
in contact with the metal source coating tape 20, subsequently expanding to fill the

void created as the adhesive binder material is burned off.

The high temperature dimensionally stable tape holder 30 may be any shape that will
maintain the metal source tape 20 in contact with the chipped region 6, as it is brought

to and maintained at temperature. In a preferred embodiment, the shape of the inner



11 7. The nethod of any one of the preceding clains, wherein the step of
hol ding the coating tape high tenperature dinensionally stable tape hol der
(30) is fabricated froma material selected fromthe group consisting of
graphite, ceram c, carbon-carbon conposite, ceramc matrix conposite and
conbi nati ons thereof. 8. The method of any one of the preceding clains,
wherein an inner surface of the high tenperature dinensionally stable tape
hol der (30) substantially mrrors the selective area. 9. The nethod of any
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stabl e tape hol der I ncl udes a cushioning material (34) internediate

t he t ape Hbﬂﬁgioq"!@ﬁf%tené"net al source coating tape (20). 10. The nethod
of claim9 wherein the cushioning material (34) is a felt material selected
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substantlally only the selective area of the component to an effective temperature for
an effective amount of time under an inert atmosphere to achieve the desired metal
coating thickness. Optionally, as shown in Fig. 4, one or more fhennocouples 40 may
be placed adjacent to the chipping damage 6 to monitor the coating temperature. The
thermocouples 40, when used in conjunction with a controller, can precisely control

the coating temperature.

In the preferred embodiment, the selective area is heated in an inert atmosphere to a
temperature of about 982.22°C (1800° F.) to about 1093.33°C (2000° F.) for about 3
to about 8 hours to achieve a coating thickness of about 2.54 x 10”5 m (1 mil) to about
7.62 x 10° m (3 mil ). The inert atmosphere is, for example, argon or hydrogen but
can be a non-oxidizing atmosphere such as nitrogen. Because only the substantially
selective and localized area of the component is in contact with a metallic source and
is heated to a sufficiently elevated temperature, metal vapor, for example, aluminum
vapor, generated from the tape will only deposit metal, for example, aluminide
coating, on the taped area. Powder masking of the machined surface of the
component, as required in current practice, is therefore not necessary, as, no material

capable of forming a coating is present in any adjacent areas.

The present method of applying a diffusion coating on a selective area of a turbine
engine component is also part of a novel jet turbine engine component repair system
whereby a thermal barrier coating (TBC) (not shown) is applied to the selective area
following the application of the diffusion coating of the present invention. The TBC
such as, for example, yttrium-stabilized zirconia (YSZ) may be deposited over the

repaired bond coat of the present invention using techniques well known in the art.

The following example demonstrates the present method of applying a diffusion

coating on a selective area of a turbine engine component:
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substrate metal to simulate chipping. Halide activated self-adhesive CODAL tape

was applied to the small area of exposed substrate and held in place using a graphite
tape holder and graphite felt. Two thermocouples were placed adjacent to the
exposed area of substrate to be repaired for monitoring and to precisely control the

coating temperature in combination with a controller.

The taped component was placed inside an argon atmosphere chamber and the small
area having the exposed substrate was heated to 1051.67°C +/- (-3.89°C) (1925° F. +/-
25° F.) temperature using a 12,000 watt quartz lamp for four hours. The lamp was

cycled by the controller to maintain temperature within the temperature range.

Inspection of the repaired vane segment showed no sign of distortion or warpage of
the component. Metallographic evaluation of the area showed evidence of achieving
the desired aluminide thickness of about 5.08 x 10~ m (2 mil,) see Fig. 5. The regions

adjacent the small area were substantially unaffected.

Although the present invention has been described in connection with specific
examples and embodiments, those skilled in the art will recognize that the present
invention is capable of other variations and modifications within its scope. These
examples and embodiments are intended as typical of, rather than in any way limiting

on, the scope of the present invention as presented in the appended claims.
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PARTS LIST
Fig. 1.
4 vane
6 chipping damage
20  tape
30  tape holder
32 wires

34  cushioning material
40  thermocouple

114 interior side

116  susceptor

118  susceptor wall
120  susceptor interior
136  covers

138  gas source

140  conduit

141  gasinlet

142  end walls

143  pressure sensor
144  regulator system
146  regulator system
148  gas outlet

150  second end wall

Fig. 3

302 temperature profile, nozzle thermocouple
304 temperature profile, nozzle thermocouple
306 temperature profile, nozzle thermocouple
308 temperature profile, nozzle thermocouple
310  temperature profile, susceptor thermocouple
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WHAT IS CLAIMED IS:

1. A method of applying a diffusion metal coating to a selective area of a turbine

engine component having a deficiency of metal coating comprising the steps of:
positioning a metal source coating tape (20) in contact with the selective area;

holding the coating tape (20) in contact with the selective area using a tape

holder (30) that is stable at high temperatures; and

heating the selective area to an effective temperature for an effective amount of
time under an inert atmosphere to form a metal coating of predetermined

thickness on the selective area.

2. The method of claim 1 wherein step of positioning the metal source coating
tape (20) comprises positioning a metal source selected from the group
consisting of aluminum, chromium, aluminum chromium alloy, silicon
aluminum alloy, titanium aluminum alloy, vanadium, vanadium aluminum alloy,

cobalt aluminum and combinations thereof.

3. The method of claim 1 or 2 wherein the step of positioning the metal source
coating tape (20) further includes positioning a metal source coating tape (20)

that includes an activator compound.
4. The method of claim 3 wherein the activator compound includes a halide.

5. The method of claim 4 wherein the activator compound that includes a halide
is selected from the group consisting of aluminum fluoride, aluminum chloride,
ammonium chloride, ammonium fluoride, potassium fluoride, potassium

bromide and mixtures thereof.

6. The method of any one of the preceding claims, wherein the step of holding
metal source coating tape (20) in contact is accomplished with a self-adhering

tape.
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intermediate the tape holder (30) and the metal source coating tape (20).

10. The method of claim 9 wherein the cushioning material (34) is a felt material
selected from the group consisting of graphite, ceramic and combinations

thereof.
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