4 Novenber 2005 METHOD FOR APPLYI NG DI FFUSI ON ALUM NI DE COATI NG O\I A

SELECTI VE AREA OF A TURBI NE ENG NE COVPONENT FI ELD OF THI%IS 2@)
invention relates generally to conponents of the hot sect AVt eé ur bi ne
engines, and in particular, to a diffusion alum niding process for
depositing an alum nide coating onto a selective area of a turbine
conponent. BACKGROUND OF THE | NVENTION I n gas turbine engines, for exanple,
aircraft engines, air is drawn into the front of the engine, conpressed by
a shaft-nounted rotary conpressor, and m xed with fuel. The mxture is

2 Shaft. “The TTENRD§oB ARPRETTRORNBIR AL HPERIBE MR A “ang” "
drives the conpr &sHECTMEARMA ekarsRBIRESNGROVdOMPONENPack of the

engi ne, providing thrust that propels the aircraft forward. During
operation of gas turbine engines, the netal parts of the engine, are in
contact wth hot, corrosive gases. The netal parts require particul ar
attention to protect them fromthese conbustion gases. These netallic
parts incl t_p@h]gl(ﬁdpﬁ AR piePRsyused to direct the flow of the hot gases,
as well as other conponents such as shrouds and conbustors. In order to
protect the netallic parts fromthe hot, oxidative and corrosive effects of

t he conbusfﬂl@rinmﬁee rekatasi gorenatiyt @l cmmlaxm'engsoif ytpi boi be;ctianeofagqsl tugbineo t he

metallic arts ese _envi ronrrent coats nmy.be pro ed b hol di ng t he
ot to. beBHiRedndin pEEMAL T & IS OIS aRpiceh Ton destings

el enent ormﬂa@&&m@f&wa%wﬁﬂve%ofIhﬁsﬁ\e%bﬁiﬁeﬁézﬁ di ffuse into the
surface of the part to forma diffusion coating, a process called chem cal

vapor dep05|t| oné s In one form the environnental coat is nade of a
di f f usi on RFJEHEANYENTIONN al unminide. Diffusing Al into the

substrate has al so proven effective against high tenperature oxidation in
addi tion 5°) éas turbine engines, for example, aircraft engines, air is drawn into the front of the

engine, compressed by a shaft-mounted rotary compressor, and mixed with fuel. The
mixture is burned, and the hot exhaust gases are passed through a turbine mounted on
a shaft. The flow of gas turns the turbine, which turas the shaft and drives the
compressor. The hot exhaust gases flow from the back of the engine, providing thrust

that propels the aircraft forward.

During operation of gas turbine engines, the metal parts of the engine, are in contact
with hot, corrosive gases. The metal parts require particular attention to protect them
from these combustion gases. These metallic parts include blades and vanes used to
direct the flow of the hot gases, as well as other components such as shrouds and

combustors.

In order to protect the metallic parts from the hot, oxidative and corrosive effects of
the combustion gases, environmental coatings typically are applied to the metallic
parts. These environmental coats may be produced by holding the part to be coated at
temperature in an atmosphere rich in a certain element or elements, often aluminum.
These elements diffuse into the surface of the part to form a diffusion coating, a
process called chemical vapor deposition (CVD). In one form, the environmental coat
is made of a diffusion nickel aluminide or platinum aluminide. Diffusing Al into the

substrate has also proven effective against high temperature oxidation in addition to
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4 Novenber 2005 inproving adherence of the ceramc TBC. The CVD bond coat

surface forns an al um num oxi de scal e during exposure t X n ai ni ng
at nospheres at elevated tenperatures, providing i-ncreas%&e‘?ae/egrfeoﬁg@@te to
further high tenperature oxidation. Oher well-known nethods are utilized
to formdiffusion alum nide coatings. Wile not neant to be inclusive,
sone ot her of these nethods include "over the pack"” alum nizing, pack
alum ni zing, flash electroplating of nickel and platinumonto a substrate
foll owed by application of alum num by one of these well-known nethods.

Frequently,. these environ al | ayer I S e, as, a bond. coat in a .
Cher mal - barFIRETIng GURTAEP o CPPed Bt MoV Doiik! Shal GBEeeanprin i t he
di ffusi on adludidiflexild¥@le dudddesxpbiure iﬂ)«i@%}gag cbﬁﬁjxﬁﬁé‘ﬁ'tﬁo%{ahé?.@s ﬁealévategom the

hot exhaust gases to the parts by providing an insulatinhg |ayer an
al | owi ng t Hempstahwes, pgavdding tincrénsed oesistance Hanfindbert Highoempesstue olzalagossi bl e.

Chi ppi ng of the protective coating.s td nes.occurs during t.he |if.e of the
par b hi o OBA pElRLSTR meloR R BRRT IR St iR et ratints 8 ni de
coated compenA®int t&bePblisiRansimd 9t of tBescORBMHRAN indlbdd rEre URS pasient

manuf acturi ng . processes, during routine mai ntenance or through the nornmal

oper at i onal2l@RipiFiegneask alwninizies, tflashi elestroplatios eaft nickel eandy plgtnym mnte di ppi ng

damage, it J fectl t N coating
and o cont™ PR FMd Ry BFhiatEs of sl by ol SORB XA FRAE, O
only the ddiregedtsubéstavironmddtd TRfeesalsCuérvent aioadtdoaein  Mlerhaldaltiered

repair of alum nide cqQating on danaged or sel ective areas of the turbine
conponent iS¥SteRcthal uhiliasg % yhermal basigmepating jover the diffusion saluminider layer and

6, 045, 863, ,d ' r | €,. ]

proprietar ;hécr%emr{%#g?g or{rrn%;)sr&gséent } §&ﬁ)§g§ﬁ%$}§% ﬁg‘%‘g?ﬁ"%é@o‘?& @ﬁgs bgr esent

i nvent i on, peoidihg-aadheddting Hinel hod aHewingahe dxioshgisentt bevhoted tharowoalldum num
al l oy contai,hin bout _155-57 wt. % alum numtape or, alternatively, a
cobalt al GmeﬁW%FEFPS?‘ ©nt ai ni ng about 50-60 wt. % al uminumtape is placed
on the selective area to be coated. The taped conponent is placed inside a

met al coat iQkppa@Xof the protective coating sometimes occurs during the life of the part. This
chipping damage may be caused during machining of the aluminide coated
component, by poor handling of the component during subsequent manufacturing
processes, during routine maintenance or through the normal operational environment
of the turbine component. When repairing chipping damage, it is not cost effective to
remove the remaining undamaged coating and re-coat the entire turbine component.
Instead, localized repair of only the damaged surface is attempted. Current practice
for localized repair of aluminide coating on damaged or selective areas of the turbine
component is exemplified by, for example, U.S. Patent Nos. 5,334,417 and 6,045,863,

involving slurry or tape processes.

For example, in a proprietary commercial form presently used by the Assignee 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 coﬂtainjng 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




or can and packed in an inert alum nide oxide powder to hoI d the tape in

pl ace and mask the machined area during the coating oper |on ? oating
box or can is 2 4 Novenber 2005 heated to between about F.)
and about 1093.33c (2000 F.) under an inert (reducing) at rmsphere for a
time sufficient to permt diffusion of alumnum to achieve the desired

al um ni de coating thickness, typically about three to eight hours just to
acconplish the soak at the tenperature to achieve a coating thickness of
about 2. 5heated Oo Eeuu@ealabumt RB262°¢ (186® K.y afdbloortt 1098 33%b@O003F iundgr. One

I ke HO fr h h I
cxpansi on ARSHEt EROREIAROTTERS Ry e Suistikin P4 VHESER St e b i

oxi de powdes achi®aiths dyvaed alienifide @baingf thickilessf typibaly sRuedirée/®l éjglﬁQ@th
engi ne conponent, maki ngﬁt he, conponent unusabLe in the engine. The

unusabl e cd¥bdhaseemplish theesoa atihe demperpiugs Achieye £ coging thicknessafahoul; o

i nproved nmetga0d$0¢ gy MtYQ')J TG‘SthA &Lt‘{rﬂorﬁbgﬁt $Afks). Ghd Qe caaBhEERbYE ar ea
of an engi ne conponent, ts in little or no warpage or

distortion 16f32th¥91r%orrponent hence, | ess waste. The present invention
fulfills this need, and further provides rel ated advantages. SUWARY OF
THE | NVENTI ON Enbodi ments provide both an inproved nethod for applying
di f fusi on &@oweved, dailt apatressgirom ihe shérecal iexpnmioaa'nisinaacm hmb’ieeretlmngigirm

conponent and the c oduced . met hod, utili rtz
CotTared 1 ettt B shS RERRGE G et sk Siiwate

coat ed, rakéledtiveliasbatddeerpaiEdéRinRat inakihg the ThmpoRae lunBéabld R the %ﬁgﬂﬂé

i nvention 5row des a nmet hod of app Iy|n a di ffusion netal coatlng to a

sel ective apPgyngpb ]&@WBF%WQP%@S%W&RM fe8li ng a deficiency of netal
coating conprising the steps of. positioning a netal source coating tape in
contact with the selective area; holding the coating tape in contact with
the sel ect What ds ewedssli g anproegre ntetodertot 4pply idiffusicab blemsnidhi ggating iper at ur e;
and heat | ngelgcrf%esaerleae % 'a\ﬁe eggrlﬁg Jo?np%ﬂent 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:

Embodiments provide 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.

A first aspect of the present invention provides 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 in contact with
the selective area; holding the coating tape in contact with the selective area using a
tape holder that is stable at high temperature; 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.



effective tenperature for an effective anount of tinme under an inert

at nosphere to forma nmetal coating of predeterm ned thic &ess on h@g

sel ective area. 3 4 Novenber 2005 A second aspect of the% gemier 2i2nt i on
provi des a turbine engi ne conponent repair system conprising the steps of.
sel ecting a turbine engi ne conponent, the conponent having a selective
area to be repaired; positioning a netal source coating tape on the
selective area; holding the coating tape in place with a high tenperature
di mensi onalA yecoad alpeet dhthe prededeinyverltoat progidssib sirbinei emlging conipynéheemdd ecti ve
area to an effective. . teg‘jgerat uiir;rg for an effecti.ve anount of tine under an

i nert at moSPHEPSOIHTSIORITRY YRS OhSFgFine artige SPEE° FOTERARE G MRk ness;

and appl yi mgviagtahelsdabe Bk tb 6 rgRaledngbstionidy £dfkLsoiree dokthigClipess the t he
metal coating. Either halide activated or non-activated al um num squrce

tape can b&S'appiciasen; Saldingthe spatingtapyia riensveith ahighteppraatirrdimentioptibce
during coaliBfe Wil folfer! itihe MBLAMT ﬂ@g{*ﬁfgslhéyi FveYarsh B! & [ AREGNO! der

The quartz In anp can be use _ nl'y selective area to a
coati ng t ergapettureefonfanadftagtive gRor@of] thige @nder) ant megtbamospheGO®. 8B8EVE2000 F.)

dosirod ol i BRTRERY R fmBHE thodya B0 Bl bl HiePl ol R e

t o achi eve peeddesmined titickatesiy thhrkabessingt he overal | cycle tinme can be
reduced to 6 to 12 hours. The desired thickness of the coating may vary
with tinme, with longer tines providing thicker coatings. Due to the

local i zed IPemkt RElIRNEHIRRA 08 BbA-ABtvaledTuMHRInY 308Ce SRARGpbH&TA AR t ape
can only deposit al um nide coati ngl on the taped area. As a result, no

maski ng of afg3eo heospsindeand max e heldl isunlseecduringeepating acinata high teraperalgteons
under goi ng ' ' r.eoi ' : i 19
(T80 %auch fakldiny SubloTgit ofder, TR AR ARl RET oty GITUED |
repai red abeleétniederesotat ancpatifigt temppragsendf abore n@32022°Gherg00t ) ¢ fabosi on

al umi ni de i169§’.?§°tc a%%“t .e{mr@elr a%alrr{ei'teegtm%gp teirg or Xﬁ&ﬁr@ to about § 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 can be reduced to 6
to 12 hours. The desired thickness of the coating may vary with time, with longer

times providing thicker coatings.

Due to the localized heating and application, aluminum vapor generated from the tape
can only deposit aluminide coating on the taped area. As a result, no masking of the
component machined surface area adjacent to the regions undergoing coating is

required.

Optionally, a thermal barrier coating (TBC) such as yttrium-stabilized zirconia (YSZ)
may be deposited over the repaired aluminide coating of the present invention when

the diffusion aluminide is part of a thermal barrier coating system.

One advantage may be that the coating produced demonstrates a distortion-free,
aluminided engine component. By avoiding the significant warpage caused by current
practice of heating the entire component in a packed coating box, there can be little to

no resultant waste from scrapped parts, with significant cost savings.



One advantage may be that the coating produced denonstrates a
distortion-free, alum nided engine conponent. By avoidi ng,.the si %p{)%l cant
war page caused by current practice of heating the entire 8}%’8[%% n a
packed coating box, there can be little to no resultant waste from
scrapped parts, with significant cost savings. 4 4 Novenber 2005 Anot her
advantage nay be that there is a 65%reduction in heat up cycle tine and a
75% reduction in cool down cycle time, with resultant cost savings. Current
practice reemther @dvintagy hanbe tpt drede oo b5 Yomduaion ieheatf urgeyvde tineyant-al 2

hours per o cle,. due, .to the heating u nd cqoli.n wn of a.large
taas compr (S Ctr BRI i o 0% ute ks ht FRuBH 531 PE. CBahamucdy T
anot her adveqiiegtonghieatde dhdsdoghddviteydlesl ofipetieralds 5-12¢@uBtgep Bach\sle] tge Of
machi ned surfaCﬁs wth %lﬁﬁm um oxi de pgwder iS no I,o%g';e)él equi red . due to
the |ocal i2&F heting iy C%Dglagi gha diree gatss rgmpEset Pa RN ARGy ¢ he
enbodi ment $owlECHRUSReFREH Rehpehedthe conponent is not necessary, yet another
advant age may be that the process is nore environnentally friendly than

current practice since alum num oxide powler waste is reduced. Continuing
and often igke t ' o) L; e | a syche as the
pr oversnt Llopigind’ Sk AT 3 MInRRSRIGE AE RO SManRl ot

i ncr eases imchinké spefadasr with adinafiuceviide poswdeh iano dongar abguigas doe tdithee

engi nes. 4a 4..Novenper 2005 .0t her features and advant ages ,of.the present

i nvention %ﬁa}le\é‘glé‘eggﬁ%?%dg@w?%}ﬂnt%oa I@WBW%"&@%F@%@?&H@E}%’E%H ption of
the preferred enbodi nent, taken in conjunction with the acconpanying

drawi ngs which illustrate, by way of exanple, the prjnciples of the
i nvent i on. Beravse nissking) ¢ithexqompongnt ipRalPegessary. gist anofthersadyantage egalieat i ve

view of a i BidRodRIR MbleRnCRbRRIMRM1IGITRES than current practice since aluminum

oxide powder waste is reduced.

Continuing and often interrelated improvements in processes and materials, such as the
improvements of the embodiments, can provide cost reductions and major increases in

the performance of devices such as aircraft gas turbine engines.
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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 ansoffigure
4 is a representative view of an alternate enbodi nent deﬁrg?Y er 200
t hernocoupl es attached to the vane. Figure 5 is a photom crograph of the
repaired selective area of Exanple 1. DETAI LED DESCRI PTI ON OF THE PREFERRED
EVMBODI MENTS Al t hough the nethod of repair and the coating produced by the
nmet hod of the present invention are generally applicable to conponents
that operate within environnments characterized by relatively high
tenperaturgf d are thgéefore s§b ject to severe thermal stresse and
therg

t her mal ea'turﬁé Bidcadvantages, ahiheopresent dpyenfipn; wilibs aprages drom

section” C?@l&%ﬁgt ol deedifel TdHé B6n €8P A€ p '%?nb%ﬁm?élﬁ % ction
conponents i nclude the high and W- pressure tur I ne es and bl ades,
shrouds, vaaeenctporitisthe actdmmenyingridawingswhiobiilliramtwby ayhbf gemnplehbi ne
engi nes. Subst.rate teri Is often used in these turbine parts or airfoils
for ai rcrgf‘fmg% ‘%‘f?& Bwer generation equi pment may i ncl ude ni ckel,

cobalt, or iron based superal | oys. The alloys may be cast or mwought

super al | oy BRIEFDESCGRIPTIONWGI THEUWDRAVANGS ar e GID- 111, GID- 222, Rene 80,
Rene 41, Rene 125, Rene 77, Rene N4, Rene N5, Rene N6, 4th generation

single cry}gt al superalloy - MX-4, Hastailoy X,  and cobalt-based HS-188.
These supef Uy §a1§P’E@ﬁ%§W@d’é@f’éP6ﬁ§H ;g vag Wih cippieg dewage.5 4 Novenber
2005 applications, still require protection resulting from environnental

and/ or theFf%L‘e,?g%l%hfeQr@atl‘BQaevﬁgfﬁrrrtaanggﬁ 4 fo0pd Pl gUr €S, wher e i ke

parts have t'he sane ers, in accor a preferred enbodi nment of
the invention, there is showmn in Fig. 1 a jet turbine engine conponent,

f or exanpl Eiguee 3 ista reprebintasive anivov df thh dapieriplder peditaricdon the eaeof | nperf ecti on
in the environnental coating for exanpl e, a chipped region 6 in which

ZUb strate %i’% issa reé\é R 9entative v1ew o \E{IIlEl Gt te%lbogl%?énlt Hgimrzrt?r}{g tBEe:ﬁnJC(()){lp[ xanpl e,

attached to the vane.
Figure 5 is a photomicrograph of the repaired selective area of Example 1.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Although the method of repair and the coating produced by the method of the present
invention are generally applicabie 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 superatloy - MX-4, Hastalloy X, and
cobalt-based HS-188. These superalloys, although developed for high temperature



di ffusion alum nide applied-for environnental coating, for exanple, a
chem cal vapor deposition alum nide coating, well known | theb aré 5The
present invention allows for the "spot" repair of the sel LD of
i nperfection in the environmental coating w thout the significant warpage .
and distortion problens associated with current practice. Pre-treatnent of
the selective area is to the extent that it is free of dirt, grease, and
ot her |ike contam nants nust be renoved. As shown in Fig. 2, -a netal source
coating tape 20 is positioned using known nmethods on the vane 4 to cover

t he chi pped reggi.on 6...The metal source cpating tape 20 y e, for

exanpl e, agayp @‘?‘utoﬂse i FENIre Jrgiepiir rewiting t‘Sg‘r &R q“?i’g ?“Q%Est,he@ﬁﬂ!h as
CODAL t ape,defagiotiiagat ured by the Assignee of the present invention. The tape
20 may contain, for exanple, halide activated or non-activated iron

al um num al | gy . contai ni ng about 55-57 wt. % alum numor, alternatively, a
cobal t al uRSitIHRERPHLO %Eg%ﬁivﬂgyr‘abb@pﬁaﬁ%thﬁsa{% aymbgraumacogrfianchat i s
required, | . -CO ' tal Li c.source, t hat can
serve as a%‘g{:%ﬁeg?ﬂf&o‘%ﬁ?&edﬁ g@eont‘falﬁgﬁﬁég tel(%ll’gfl %quﬁ'%%oqﬁéf% lgséﬁjgégﬂvebe, for
exanpl e, alenghawempoherayriformexaidplei 140 WibiasTivine 4ahbhvihe ©iséle@br @bamfnum ‘
alloy, titanium alumnum all oy, vanadiu vanadi um .afum' num al | oy, cobalt
al um num aﬁ'ﬂp?g%?ﬂ%é‘f Bﬁrﬁ‘virﬂ%?‘%‘ﬁ?l. COPHB&:PB’E sxampler - ehippegriepiog @ wpwhish g
optional | y sgipbhal ‘hal J ar fry.er. , f.or , e

al um num f Ispor i %e?le%l B?ﬁe‘r)lcg%eghl %?JSFEWU%&#EO@%QQ a{‘?rrrrgnl ﬁml:’ 2

chl ori de, ddfwgsiawminideanptied fpyensssimentirooniing fonskamipld, urchsmidabygof .

Addi tion of, a .halide carrier compound.permits a halogen to react with the
metal sour SEPOsftIOH “Satﬁnwgﬁ@@?’még ¥enperatures to carry the netal
lons to the surface of the conponent where they react wth the substrate,

t he procesThepresbtit tivenfionBldwRO WM “shRT r QAR dfithe §PedBSE Tch o?ﬁﬁﬁer.fééﬁgﬁ acement
and initial retention of the nmetal source coating tape 20 over the

i nper f ect i Bhtheeperenmental soatingewibentithgsignificart Ovarpagseind-distditionipaeblems  shown
NG 3 aRolth@H iR B "BRSLOAAELY oS HE R R PSS Hothe Xtent

that it is free of dirt, grease, and other like contaminants must be removed.

As shown 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
éontaining about 50-60 wt. % aluminum. All that is required, however, is that the
tape 20 contain a metallic source that cén 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 thereof. The metal source
coating tape 20 may optionally contain a halide carrier compound, such as, for
example, aluminum fluoride, aluminum chloride, ammonium fluoride, ammonium
chioride, potassium fluoride, potassium bromide and mixtures thereof. Addition of a

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



I s placed against the netal. source coating tape 20 to maintain the netal
source coating tape 20 in contact wth the vane 4. The Hgﬁe hq%dgb Ois
mechanical |y attached to the vane 4, for exanple,. by nontP8HIS res 32
whi ch circunscribe both the vane 4 and the tape holder 30, or the tape

hol der may be attached with high tenperature dinensionally stable clips to
mai ntain the tape holder 30 in position on the vane 4. The tape hol der 30
is required even though a self-adhesive netal source coating tape 20 is
used, because as the conponent and tape 20 are brought to tenperature, as

descri bed bgl ow, .t he adhesj ve bi nder, ich.typically is an,organic
mmreriar . | CUPRANE ogany e fe g e S GF cabandsal Segledifnfar ¢ ne
netal sour Cgith @ b&afk, Whd fobess bIRhicBREwed khdwgont act with the conponent.
The high tenperature dinensionally stable wire 32, clips and tape hol der 30

are fabricated froma material . that will wthstand tenperatures above
about 1093.9ptonallyotopermipicpssoii Peesraenti ang, injtipl reteation of the apstelt wureeer ani c,

car bon- car bgn;: OSht eran 6- rj Lt.es | I.QRS

Cher o - - phng 20 ciee (RERARIECOHB ¥ P SRLbETaRRl: R IR SE° o) cer
30 further adhetitgleAs shdwipin Fipehpehigl tenepeetitire iimemidnalty Stadlel tepechidBér@di ng
material 34 internmedi ate the tape holder 30 and the netal source coating
tape 20, f ol Placgdpgaanst thepaetal seprcs cogfingdape (1o maigiain the metalsgpice goatingr ani c,

car bon- car | : My i [ nt: . [ |

t her eof . Tﬁgﬁ%gés) | onltatrﬁgmrrtg?érl a{é 4?%&%%@5@%?%%3%@%‘@2}3&% alcigér]rglr?t I n
cont act wi tvantHeforekahplsdiyr wm-woctivierngrdsdf2eviich csetmsegbe hothythexperdindg t 0
fill the wvoid cr ed _as the adhesi bi nder materjal. is.burned off. The
hi gh t enper'df Jfe® g‘?’fﬁj@ﬁél%or?él @P%iﬁoéjeefd'ﬁ@’ E’SI %F@Cﬁg‘i)vﬁﬁyité‘ KpesHdise t hat
will it SRIgRkdle SR fembiaRin A fafe BORLASH iMiphlibhSn 4 pRRA, " €0l On
6, as it is brought”™ to and maintalned at tenperature. In a preferred
enbodi nment , Thehiepshelde HY istrhquitedrioen thavigh erdelfradBei6e swtal swwcq amting fapen)  of

t he tape hqlder 3 ubstanti,.al ly mrrors, the selectiv rea of _the region
under gor ng AeparFT RER m U enneh bty 20 oE WRURY  CRPHaT o
infrared | a¥Boritied bERW, hePAiEsivO bid@at 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, subsequeﬂtly expanding to fill the

void created as the adhesive binder material is burned off.

The high temperature dimensionally stable tape hoider 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



substantially only the selective area of the conponent to an effective
tenperature for an effective anmount of tine under an inert atnos eto
achi eve the desired metal coating thickness. Cptionallyﬁ%ﬁWQ#ﬁ%z&ﬁ% Fig
4, one or nore thernocouples 40 nmay be placed adjacent to the chipping
damage 6 to nonitor the coating tenperature. The thernocouples 40, when
used in conjunction with a controller, can precisely control. the coating
tenperature. In the preferred enbodi ment, the selective area is heated in
an inert atnosphere to a tenperature of about 982.22C (1800 F.) to about
1093. 33C (20QPmEe Q 0 E@H§ .achieve.a. .coatin

t hi ckness of aboeuinog. @fé’l@ %th%t?ﬁfohn%ﬁ %‘}"ﬁiooﬁxg ou eﬁif#g%or;;( tﬁ%g%e%%%?%% ).

The inert atthospimredesoifgaepsixanpl e, argon or hydrogen but can be a
non- oxi di zi ng at nosphere such as nitrogen. Because only the substantially

sel ective arlg | qcal i zed .area of. the conponent is in contact with a nmetallic
befiSapich (poj

source and &8teq oWpk dpisempls, adquatiz infrred lasa, a% H?Sét,iom?étt‘alhe%tapor ,
for exanpl e subdtaially Bnly/ MBI lecBRNGERDEMe fobﬁigbﬁé}ﬁ t ﬁzgéﬁ*ééd‘}e BAbYa PR ¢
on the tape hde

metal , for exanple, alumnide coating, area. Powder nmasking
of the machispefiestive aweumsfofitiee undarpanaert atrassphewto raehicve teudasivad npetact i ce,

5 present. Cane BEERESC QbuoRilly, 3 il & SRESHBATORemRP Y R Iy |
di f fusi on coaipldesd adiacent & B chiPid ®Rdet 630 nd¥oP fhe c%&_ﬁﬁg‘f‘eng)t%fgeﬁ@.e fthe! S

al so part of a novel jet turbine engi né conmponent repalr system whereby a

thermal bar fheapoeesples i), whemused ioconimstinl with @ ppitiadigr,t@ntirecissly eattiole ar ea

follow ng t ; ' i f the diffusion coating of the present
i nventi on. ?ﬁe@%&%@%@lggﬂ for exanple, yttriumstabilized zirconia (YSZ)
may be deposited over the repaired bond coat of the present invention

usi ng t echnlytheprefetred kmbudinicat, tthe sdédiive Hea & dleht@iiin gn Sxcfith®splep®ashr at es
t he present, nethod of @ﬁgﬁ)'%ﬁ m\@%@f@usi on _coating on a.selective area of a
turbi ne engfcﬂ’é’e &k @hput 382 A piggbopk 93 B °C (2000° F.} for about 3
to about 8 hours to achieve a coating thickness of about 2.54 x 10> m (1 mil) to about
7.62x10%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 surféce 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, yitrium-stabilized zirconia (Y SZ) 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:




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

ni ckel - based superall oy was coated and the coating was quention y
danaged. Al uninide coating was removed froma small ared &FVFHE £¥hvex
side trailing edge of the airfoil exposing substrate netal to sinulate
chi pping. Halide activated sel f-adhesive CODAL tape was applied to the
smal | area of exposed substrate and held in place using a graphite tape
hol der and graphite felt. Two thernocoupl es were placed adjacent to the
exposed area of substrate to be repaired for nonitoring and to precisely
control theEXe0dPLBQ@ tenperature in conbination with a controller. The

t aped conponent was pl aced inside an argon at nosphere chanber and the snal

area having ,t he exposed sybstrate was heated to 1Q51.67C +/- (-3..89 (1925
F. +/- 25 F%coa@ﬁﬁ@aaﬁwréﬁ@ggwa VAo FEBSHt %ﬁ?‘_tfa‘fﬂﬁ‘_&gt méﬁlﬂf é7o?lgk‘§§has‘??our s.
The | anp M&peﬁﬂﬁ&%ﬁs *EMatEéi'&&ﬁ@%&%ﬁdﬁa&iﬁmﬂﬁbﬁﬁl?‘ne < ERCARMhRIe WohtHg the

t enperature range. lnspection o repaired v gnent showed no sign
of di storti was mmowed fragea sthall sree of thepoment sideMetibihg odgeayfithecaicfod lewpasingn  of

the area sho evi dence .of , achj.evi ng ,.the desired inid | ckness of
about. 505 SUPoEets Mgt siflae ghippign ik sagld el dipe RONME BT ¢
area were syashpyiel 3 the Al £ref beekpotd HY@dte 'R hPIdSA Plice S g@?hih,as been
described in connection with specific exanples and enbodi nents, those
skilled in tipe helder gnd| graphityyfilze Twatthermocpues vere iplaced tadinsentstac dhgabl e of
ot her vari ations, and ificati,ons wwthin its scope, ., These ,exa s and
erbodi ment ssPacd iR oh8dtsal b Bttt lo? maniioRSEREA © ATERoLCAGRY i g
on, the scoggitif tdniiRradi@Se BémbinXesi with a @sntedIRgent ed in the appended cl ai ns.
9 PARTS LIST Fig. 1. 4 vane 6 chipping damage 20 tape 30 tape hol der

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.




32 wires 34 cushioning material 40 thernocouple 114 interior side 116
susceptor 118 susceptor wall 120 susceptor interior 136.,covers gas
source 140 conduit 141 gas inlet 142 end walls 143-pré€§ﬂw%§§%%é§$ 144
regul ator system 146 regul ator system 148 gas outlet 150 second end wal l
Fig. 3 302 tenperature profile, nozzle thernocouple 304 tenperature
profile, nozzle thernocouple 306 tenperature profile, nozzle thernocouple
308 tenperature profile, nozzle thernmocouple 310 tenperature profile,
susceptor thernocouple 10 4 Novenber 2005 WHAT IS CLAIMED I'S: 1. A nethod
of applying a diffusion netal coating to a selective area of "a turbine
engi ne conponent having a deficiency of nmetal coating conprising the steps

of :
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  pgas 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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positioning a netal source coating tape in contact with the selective area;
hol ding the coating tape in contact wwth the selective ar‘ﬁﬁ usi ng @%ape
hol der that is stable at high tenperatures; and heating ‘éve&:qeg e area
to an effective tenperature for an effective anount of time under an inert
at nosphere to forma netal coating of predeterm ned thickness on the
sel ective area. 2. The nethod of claim1l wherein step of positioning the
nmetal source coating tape conprises positioning a netal source sel ected 4
fromthe gNVeHATAOASLAINIED ISof al um num chrom um al um num chrom um al | oy,
silicon alum numalloy, titaniumalumnumalloy, vanadium vanadium
al um num al l oy, cobalt alum num and conbinations thereof. 3. The nethod of
fcI ai hm 2 yvhelr egmetﬁma oft &iplyhg ao@ifﬁlﬁo?imgalt tetinpttala saattioe amabh f _ﬂgurlbirg:pe

urt her incluydes positioning tal source copating tape that includes an
activat or EBHPBEMAPONENt WU EAAOHFIY OF MEfaCaRSPBISIBR SRR ALR or conpound
includes a halide. 5. The nethod of claim4 wherein the activator conpound
that i ncl ugdgsitienil@h infieal sbsrcé B4tk e4helih @BhthAayitH MeReleQRRIasdd; Ng of al um num
fluoride, alum num chloride, amonium chloride, anmonium fl uori de,

pot assi um fl uori de, potassium brom de and m xtures thereof 6 Tqﬁérret hod
of any onehgiiingbesoatingtang in pentagt Wil iecselectivg atcp isingra 98¢ boldgr thegisal
source coatj,p@ o e &tacind S acconplished with a sel f-adhering tape.
11 4 Novenber 2005 7. The nethod of claim1, wherein the step of holding
the coati ng tape high tenperature dinensionally stable tape holder is
f abri cat edhesting therselestive|areasta ae reélgctiyo mpriatgro iy aoaledtvengmennt@iaphite,
ceramc, C - n. ' r a11.C 11X ipt :

conbi nat i o?lig&? %3?%2? 8 Qe?éf_%ﬁ%g%qgf C aiam#élmﬁggg{%g%gnﬁeﬁﬁgm %ntfrd face of
t he hi gh t dnplexest onehe selective area.

2. The method of claim 1 wherein step of positioning the metal source coating
tape 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 2 wherein the step of positioning the metal source coating
tape further includes positioning a metal source coating tape 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 in contact is accomplished with a self-adhering tape.

11



di nrensional ly stable tape holder substantially mrrors the selective area.
9. The nethod of claim1, wherein the high tenperature d| hbﬁ/s stabl e
t ape hol der includes a cushioning nmaterial internediate t ?5%5: der and
the metal source coating tape. 10. The nethod of claim9 wherein the
cushioning material is a felt material selected fromthe group consisting
of graphite, ceram c and conbinations thereof. 11. The nmethod of claim!]
further including the step of fixing the high tenperature dinensionally

st abl e t apé.dledmetitod oHelatmnpowhntein tRe sldpeofrabhiinlg dhe chafing 18perhighei n t he

met hod of f|X|n t he,.hi gh. t enpe r si.onal | ahl e tape .hol.der is
mechani cal °BC tﬂ{g ?‘ﬂ@%‘%ﬁ‘d"’sﬂ? f%ﬂ% ?a]?e\/\hgﬁ%f rfst% %@Eeﬁ Eﬁ %éa( Y of
fixing thesblegted tfesmetisd Ugudi rensisengl by shphite tcapanitol dﬂbon&aﬂﬁ;lnect ed

fromthe group consisting of wiring and clipping. 14. The method of claim

| wherein FH@PQ%%F&HW@IPWE%‘F%P?%@ apdeeombingfionsdierspfa  quartz infrared
| anp. 12 4 Novenber 2005 15. The nethod of claim1 further including the

step of placing one or nore thernocouples adjacent to the selective area
to nmonitor and precisely control the effective tenperature. 16. The net hod

of claim 18Vmeeh1@tﬁdaeoﬁfcfa‘?ﬁ1t 'lv%fhte?émea[rﬁﬁrﬂfe? s‘u?fa@@%ﬁth%% gzteﬁﬁe('a%@&o F.)
to about 1093.33 C (2000 F.). he nethod of claim1l erei

ef fective gfmemsionslly $tn’ele|tspfab@ldﬁr subs@mt@llwmrm@mhe selpetivesarea8. The met hod
of claim1l wherein the inert atnosphere is selected fromthe group

consi sting of argon and hydrogen. 19. The nmethod of claim1l wherein the
predeterm ned netal coating thickness is

9. The method of claim 1, wherein the high temperature dimensionally stable
tape holder includes a cushioning material intermediate the tape holder and the

metal source coating tape.

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

thereof.

11. The method of claim 1 further including the step of fixing the high temperature

dimensionally stable tape holder to the component.

12. The method of claim 10 wherein the method of fixing the high temperature

dimensionally stable tape holder is mechanical.

13. The method of claim 11 wherein the mechanical method of fixing the high
temperature dimensionally stable tape holder is selected from the group consisting

of wiring and clipping.

14. The method of claim 1 wherein the substantially selective area is heated by a

quartz infrared lamp.
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about 1 ml| to about 3 ml. 20. The nethod of claim2 mherein the diffusion
nmet hod coating is an alum nide coating about 1 ml to ab ?%

t hi ckness. 21. A turbine engi ne conponent repair systen1conpr|5|ng e
steps of selecting a turbine engine conponent, the conponent having a
selective area to be repaired; positioning a netal source coating tape on
the selective area; holding the coating tape in place with a high

t enper at ur e di nensi onal | stabl e tape hol der; heating substantially only
t he sel ect ilve Theemethodaef efairact ifughereinsbrding the fstap Oémla@iﬁ$on¢m masunt  of

time under t o@S@e@%@ﬁ%@a{ﬂﬁo %hé %el%gtweee\ll %ﬁ 99 qﬁ{n%hor an %sél% co%tro} the

predet er m ne coa
pr edet er m ré@ctivd ekapesauteo the rret aI coatl ng. 12a

16. The method of claim 1 wherein the effective temperature is about 982.22° C
(1800° E.) to about 1093.33° C (2000° F.).

17. The method of claim 1 wherein the effective amount of time is about 3 hours to

about 8 hours.

18. The method of claim 1 wherein the inert atmosphere is selected from the group

consisting of argon and hydrogen.

19. The method of claim 1 wherein the predetermined metal coating thickness is

about 1 mil to about 3 mil.

20. The method of claim 2 wherein the diffusion method coating is an aluminide

coating about 1 mil to about 3 mil in thickness.

21. A turbine engine component repair system comprising the steps of:

selecting a turbine engine component, the component having a selective

area to be repaired;
positioning a metal source coating tape on the selective area;

holding the coating tape in place with a high temperature dimensionally

stable tape holder;

heating substantially only the selective area to an effective temperature for
an effective amount of time under an inert atmosphere to achieve a metal coating of

a predetermined thickness; and

applying a thermal barrier coating of predetermined thickness to the metal

coating.

12a





