METHOD FOR APPLYI NG DI FFUSI ON  ALUM NI DE COATI NG ON A SELECTI VE AREA OF A
TURBI NE ENG NE COVPONENT FI ELD OF THE | NVENTI ON The i nve Lon r.el 268
generally to conponents of the hot section of gas turbi ne 8%&11?’?5 nd in
particular, to a diffusion alumniding process for depositing an al um nide
coating onto a selective area of a turbine conponent. . BACKGROUND OF THE

| NVENTI ON I n gas turbine engines, for exanple, aircraft engines, air is
drawn into the front of the engine, conpressed by a shaft-nmounted rotary
conpressor, and mxed with fuel. The mxture is burned, and the hot
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The hot exhaust gaFgECTE ARSA Ohe PEREINE HNGIREOMPONENT di ng t hrust
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 nmetal parts require particular attention to protect them fromthese
conbusti on gases These nmetallic parts include bl ades and vanes used to

direct thegjh W NERS¢S: as well as other conponents such as
shrouds and conbustor n order to protect the netallic parts fromthe

hot, oxidative and corrosive effects of the conbustion gases,
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di ffusion coating, a process called chenical vapor deposition (CVD). In
one form the environnental coat is nmade of a diffusion nickel alumnide

or plati nuM@RﬂU@QﬂTﬂEM@W@MtO the substrate has al so proven

effective against high tenperature oxidation in addition to |
In gas 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 .
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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
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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
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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 W. % al uminumtape is placed

on the
Chipping of 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




selective area to be coated. The taped conponent is placed insi de a netal

coating box or can and packed in an inert alum nide oxi cﬁggg @)@ hol d

the tape in place and mask the nmachi ned area during the ation.
The coating box or can is 2 4 Novenber 2005 heated to between about 982.22C
(1800 F.) and about 1093.33c (2000 F.) under an inert (reducing)

at nosphere for a tine sufficient to permt diffusion of alumnum to

achi eve the desired al um nide coating thickness, typically about three to

ei ght hour deatedise betwean(abuqltl IRAR 20 1806KF.atnd hisout d0p2.:33tai20000F Aahileve a

coating thickne .ahout .54.X 05t about 7.6 10-5 about | to
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and the inert alumn xi de, powder creates rpage or distortion of the
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needed are | nproved nethods to apply diffusion alumnidé coating to a

sel ective afied Isuran engi ne conponent, which results in little or no

war page or distortion of the conmponent, hence, |ess waste. The present
invention fulfills this need, and further provides rel ated advant ages.
SUMVARY  OF Hbiwiie vedN\aNE hﬁl‘dtrErsbﬁdinnﬁa tteerprad ek pinsivat thisamatdhniteoead theeerpiet f or

appl yi ng d| ffu5| 0 coating, on sel ective area of tur.hi ne
ehbi e SomSRRETHAA {antbALFEEn SROIRRET BySeh AP AEF Ho AP o iy
quartz inf rsaé@ﬁl/el tédOedgﬁfH comiponeht) enakipethe zeshpah@m vahisdblein heraginent to
be coat ed, rat her t han the conpl ete part. Aflrst aspect of the present

i nvention PPeVREERleLOMPERYY Ny %%W@@%%ﬁ%l on netal coating to a
selective area of a turbine engine conmponent having a deficiency of netal

coating conprising the steps of. positioning a netal source coating tape in
cont act wi tWhat 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:

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.



the selective area; holding the coating tape in contact with the selective

area using a tape holder that is stable at high tenperatyre; and ting
the selective area to an effective tenperature for an ef#j@{?l"’rr&éergrﬂ@ nt of

time under an inert atnosphere to forma netal coating of predeterm ned
t hi ckness on the selective area. 3 4 Novenber 2005 A second aspect of the
present invention provides a turbine engine conponent repair system
conprising the steps of: selecting a turbine engine conponent, the
conponent Aiastond aspesebfthici preseat axeitdngovidpaa natinepangine conipogera reedial

source coati tape on the sel ectiive area;. holding the coating tape in
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coating of SalepifvecEes haldingthe spatingdars indhereapih § high temperausdimeasionally
coati ng of et | t a i i lJ de
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for about 3 to about 8 hours to achieve the desired alum nide coating
thi ckness. While the soak tine renmains the sane to achieve a desired

coati ng t hipgkBeRAidelREvaAEE oA hbn-GY G Red AITRIMM sORcE epecRd Hecagﬁn?d én % hours.

The desired thickness of the coating may vary with tinme, w onger times

provi di ng effacRédre estadi sngsmapie heldl inndageoduinezengting asing ¢ bishl tepparatees i on,
on'the. 1 ap agnensiRY Su6E clARARTT ARG SRR Ol GRIR dsed o Dbl g™t ' 10
surface ar eclecttijeasrenttot @ tdating etginpamtune chefr gloduh gOR262A°Cnél 808° Redmiabeul
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 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.



Optionally, a thernal barrier coating (TBC) such as yttriumstabilized
zirconia (YSZ) may be deposited over the repaired alum 4ﬂe colgt 2@?5 of the
present invention when the diffusion alumnide is part o Vi

barrier coating system One advantage nay be that the coating produced
denonstrates a distortion-free, alum nided engi ne conponent. By avoi di ng
the significant warpage caused by current practice of heating the entire
conponent in a packed coating box, there can be little to no resultant
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reducti on. l\/askl ng of machi ned surfaces with al um num oxi de powder is no

| onger required due to the |ocalized heating and application of coating
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provi de cost reductlons and major increases in the performance of deV|ces
such as aircraft ls( turbi ne engines. 4a 4 Novenber 2005 Ot her features and
advant ages B§Faush&askigett the m@mmﬁ il ngressaph ek Arothergadveniage sy Rsni n

nore det ai ipd nles6EdsPls Iﬁ&ecéhw}&ﬁné}ﬁzﬂf)ﬁﬁfeﬁ@lyqﬁgpgirféﬁpﬁmcﬁ&l‘sﬁfbe' 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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conjunction with the acconpanying drawi ngs which illustrate, by way of
exanple, the principles of the invention. BRI EF DESCRI PTIa]g\I O le—ilg:qﬁ
DRAWNGS Figure | is a representative view of a turbine Vanevsiaeh ppi ng
damage. 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 4 is a representative view of an alternate enbodi nent
depicting thernocouples attached to the vane. Figure 5 is a

phot om crograph of .the repaired selective area of Exanple 1. DETAILED
DESCRI PTI HE PREFERRED EMBODI MENTS Al t hough the nethod of repair and
the coati %Stg?iroéﬂ@éﬁ B @ﬁ%ﬂﬁg@%%ﬂm Prepnt pﬂ%‘é’@g{‘ willbee Appasent dremdisier al | y

appl i cabl e (i FREPRRRAN fedifta! dBRSHADE B Bk N pRAHIO AR ner NAUIBR' G | 20 Dy
an t

relatively high Tenperatures, are therefore subject to severe thernal
stresses anonjuheiomavitictpe laceunpanhingpirasiags whivhélitstate, bg wagiof xampledh¢ o t hese
"hot sectian'. onp nents .of a jet turbine engine. Exanples of such hot
section CORBB?IIBE’ISS ﬁ’ﬁdﬁ"{f&EO‘?'he hi gh and | owpressure turbine nozzles and
bl ades, shrouds, vanes, conmbustor |iners and augnentor hardware of gas

t ur bi ne enBRIBE DEJCHIPTAOR ORTEE BRAWINGSH used in these turbine parts or
airfoils for aircraft engines and power generation equi pnment may include
ni ckel, cobalt, or iron based superal|oys. The alloys may be cast or
wrought su @uaﬁflWsr.ep%gw@swwogawblnﬁﬁmwahe@pmd@p@gqll, GTD- 222,
Rene 80, Rene 41, Rene 125, Rene 77, Rene N4, Rene N5, Rene N6, 4th

gener ati ongsg) - - oy X, and cobalt-based
HS- | 88. Thggg%%eﬁy %%%&tﬁgﬁﬁivghgﬁxé?fe%gﬁeedd@%@"Hegh tenperature 5 4
Novermber 2005 applications, still require protection resulting from

envi r onnmenFiglreah t/acepiekatative viaredBthie dapmttiobder positioned on the vane.

Figure 4 is a representative view of an alternate embodiment depicting thermocouples

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 appliczibie 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



Referring now to the figures, where |like parts have the sanme nunbers, in

accordance wth a preferred enbodi nent of the invention, &Ber i @gomn I n
Fig. | ajet turbine engine conponent, for exanple, a jé% 4 e%ﬁgo ne 4,
having a selective area of inperfection in the environnental coating, for
exanple, a chipped region 6 in which substrate netal is exposed. The

envi ronnental coating nmay be, for exanple, a diffusion alum nide applied
for environmental coating, for exanple, a chem cal vapor deposition

al um ni de coating, well known in the art. The present invention allows for

the "spot" repalr of the selectjve area,of Lnperfection .in the ‘

envi ronmentag§ H%aggﬁ’ nﬁll BT PRSI grvithga PYERyEneRa "Hﬁdz"t' othermes

probl ens - aktporaioad With current practice. Pre-treatnent of the selective-
area is to the extent that it is free of dirt, grease, and other I|ike
contam nants _nyst be renoved. As shown in Fig. 2, a netal source coating
tape 20 i s Bsdenng gawdoths Hgumn oviiererbikeparts hayg thesameamembiers.dn cosasdanche

chi pped regi; . u > - e be, for. exanpl e,
any of the%gg?? gﬁ:tfglgfdac %’@delmﬁi?‘t%flctﬁg g‘ﬁ%@e‘&goté%gﬁ% g@%’g@é‘, Flsg.l(! H % tul@55AL
tape, manukaginerethpoyerithforAsaingdsea §ét tuftdn@vased] havingnd iselBetivehared afe 20
may contain, ;r?r .exanpl e, halide activated or non-activated iron al um num
al oy cont@PFHEHOR I the epsiranmeptal epating, fon exareple, achippedarepipgl 6/in whishbal t

al um num akl¥mteCRRERI D RPo@R0U o 9 ' I af
required, h_owevgr, 'S lt ha?ost%he ?ngg@g%m%%nrﬁpa%ﬁgh%{&lﬁ goéggirrnc%lé’t fat can
serve as adHBs@mauminde applibd femaniromntreali cahting, Thicexamiphd, acheinial vaper be, f or

exampl e, al.um pum . chrom um. al um num chrom um alloy, silicon alum num

alloy, ti tgFﬁoﬁﬁP&Ia&fﬂlﬁ‘?{fg"QPﬁ‘%,‘v ARa¥dntheAhadi um  al uni num al | oy, cobal t

al um num and combi nations thereof. The metal source coating tape 20 may

opt i onal | yThepiedér ifvelfibn Meoveafor HRI“sEAMRYARDS (B !Sllechie afellof if¥GIRESA

al um num f| uoride, alum num chloride, ammonium fluoride, anmmohium

chloride, Hothasayisnmenidcoating wihew shasienificantdearpans andsdistorsiontpelriens .

AGi 10N Offeia PG ALE | BlosCO M PRUBGRELI T e Bl 950, 01d BRUlh D the
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



4 Novenber 2005 tenperatures to carry the netal ions to the surface of the
conponent where they react wth the substrate, the procqﬁﬁ oflyhgﬁg%is
wel | known. Optionally, to pernit ease in placenent and i'hi?YEPH tion
of the metal source coating tape 20 over the inperfection, the netal
source coating tape 20 is self- adhering. As shown in Fig. 3, a high
tenperature dinensionally stable tape holder 30 is placed against the
nmetal. source coating tape 20 to naintain the netal source coating tape 20
in contact with the vane 4. The tape holder 30 is nmechanically attached to
the vane 4, for exanple non:reactive wires. 32 which circ cribe both
the vane 4 ‘STRESRPTES PABEYiBY mER S topie e Eng Soapsabs phpg BEX fofoq i « n
hi gh tenper githiie subitfid) Shopratdsy ofwlhEs Ghil Rfiow® Nai ntain the tape hol der 30
in position on the vane 4. The tape holder 30 is required even though a

sel f -adhesi ve nmetal source coating tape 20 is used, because as the
conponent aAEtienaHE, o pemeit $assuhplacemens mndr initipl aetention @€ she mrse] swIesw, t he

adhesi ve bi L.chntVni Ly | o] ' [ -] ff,
requiring nec g%ﬁ@%iggfﬁgtﬁﬁék pr%wﬁg%n@%ﬁﬁa%hggkgé5%h§gtg%§q%gg 5ﬁﬁéd

W t hin t headhefigg.28s slovanin Bigl 3,\a Hifh tdipetmine diraadsionhlie shiblhapeiglésraiour e
dinensional |y stable wire 32, clips and tape holder 30 are fabricated from

a material FRIACChganshiheraeiahguicsepring lapedl tagsdistaip el goursg eoatimgo o oF . )
wi t hout defgpdmh@gy cohflet SRR Ganed! aﬂl&'tgﬁe dhcﬁ&ér%‘ig me%ﬂ&ﬁ&ﬁg%ﬁﬁ%ﬂ&the
tironally,

conposites, teramc-matri X composites conbi nat1ons théreof.
t he high tempdy for exanplebynsinoreadtive veiraif2eviialp eirdiohsteibe BOthfthe vdverd andcl udes

a high tenperature, di nensionall t apl e cushi oni material 34
i nt er medi at'8° t/ARS HAJET s e e, o an a@aﬁ?%wébéf@n&m%@%, f or
exanpl e, a diglhsifRl§ stMle Sfips {o%aﬁ@tgﬂ%eebag% %%BQPBG) Sn gﬁﬁfi@lmoﬁ%th& _?;%]1?)4‘.' car bon

conposite, ceramc matrix conposite an i nations thereof.
cushi oni ng Thettepé héldgB kisnmpqusdeyen fongh pi selfadhediec meth sourcacating dare wi t h

t he net al urce coating tape 20, subseguentl,y expandi to fil] the wvoid
created as S‘)I?)hg 'éﬁgﬁ’egffc\’}'é&b% rC‘%%HOé‘FWa?“quaPB n@rﬁplﬁff”f‘ghqqo 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, 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



The high tenperature dinensionally stable tape holder 30 may be any shape
that will ~maintain the netal source tape 20 in contact @h&h tq% %&hpped
region 6, as it is brought to and naintained at tenperature THy"
preferred enbodi nent, the shape of the inner 4 Novenber 2005 surface (not
shown) of the tape holder 30 substantially mrrors the selective area of
the regi on undergoing repair. A heat source (not shown), for exanple, a
quartz infrared lanp, is positioned to heat substantially only the

sel ective area of the conponent to an effective tenperature for an

effective anpugt ' ' tﬁ;[}]ﬁgﬁﬂ‘ t hi eye.the desired.
nmetal coating t%ﬂoﬁﬁg@)ﬁ?‘?%*@?&% S om{‘]ﬁﬂ‘;}’e’ﬁfg‘.’fgi‘,‘e ge %cu ¥ 2o
t her nocoupl abe tgiomyndelyping repaie] adj acent to the chi ppi ng danmage 6 to
nonitor the coating tenperature. The thernocouples 40, when used in

conjunction wth a controller, can precisely control. the coating ‘
t enper at ure .‘X\?lﬁg‘}tsﬂgmﬁ R’é?te‘h’f’w’ 'fmpﬁ% Rrquagty @@%ﬁi@ﬂms Besitioned tpdgated i n

an | NE1 L o ATty Al Phe SRR B B B 27 2l b 001!

1093. 33C (2000 F.) ftor "about 3 " to about urs to I eve a coatl
t hi ckness ofanzgbativeamaunt dfime (thderian)inerd atdonphere 2o G2hieve teTdasiré® nivitdl ) .

ot i 21 ng atHUREHEn: Oofndil; Ao yBive nI5e & oo ortiboginsertlnt fdmey

sel ective aid plaeedhdjaast & @0 cBippid
source and s heated to a suf'fpl ciently el evated tenperatur nmet al vapor,

for exanpl e hesmoeauplan 40, ahen usebireccajungtion ovith 4 eontegler,wiahl previsely demiredj t
netal, for i: ,nide coating, on the taped area. Powder naski ng
of the machlmnge @?ﬁ%ﬁlggmgge

Is therefore not necessary, as, no material capable of form ng a coating

i s present Imthenpyefedidiembbdiarengshe SHective as@nis hartel O af ina@p@intspigré to a
ea of a _turbine conmponent is

di ffusi ' | ' I
2l s part ofoperrdeiotebou et AHER D wompuh D 1SEUOR0G S b abarc? eby a
ther mal | bar f Bout®abil %o AchiRob-a dodfthg BRAANEIs d5bBEPE 584 109 oh (Pt kS Riduy e area

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:

%&sﬁoﬂmm&ﬁﬁﬁ@&h idolied THEL al | i C

the component, as required in current practice,

|




followi ng the application of the diffusion coating of the present

i nvention. The- TBC such as, for exanple, yttriumstabil g& |r§ ia
(YSZ) may be deposited over the repaired bond coat of t

i nvention using techniques well known in the art. The follomnng exanpl e
denonstrates the present nethod of applying a diffusion coating on a

sel ective area of a turbine engine conponent: 8 4 Novenber 2005 EXAMPLE | A
coated scrap aircraft engi ne vane segnment manufactured from Rene 77

ni ckel - based superall oy was coated and the coating was intentionally
damaged. Al EXAMPBEE¢oating was renoved froma snmall area of the convex
side trailing edge of the airfoil exposing substrate netal to sinulate

chi ppi ng. | i de ,activated se]f-adhesive COD S to the
smal | area 6f°08%f8<aR aUtIBLENgE VARRPRRIER! hRD P%@dﬂﬁmhge ?gf &ﬁk?lﬁ)ésedt ape
hol der and ggRRINoY Svak @bdted Ix‘ﬁpﬂlb '&Sétﬂ%%&%%ﬁtl&@d’lﬁrl fani Rhaces AflindffRlobfhd he

exposed area of substrate to be repal ng and to precisely
control thewas Imtqvn@; fioenpsmall aree of the comixixrride tmmlmg tdpeat dlmmairioll legposinphe

t aped d insi t ha th N
o 6o havi ng iR E TR Stmls sbiEphas el atdost by ‘éqr?fgﬂg@ae (1925
F. +/- 25 Fyhs a@me&@wﬁnaﬁareaoﬁeﬁp%s&%b@@a& afd RENdZn IpER SR {,mteour S.

The lanp was cycled by the controller to maintain terrperature W thin the

t enper at ur etaparipdder Ia@p@@pﬁlﬁn felt. tHwo ribgmioceeplom vers glpved tadisoniet s si gn

of distortign ol n Met.al | o raphlc val on of
Che ar o shomotbeL R BREEipte o SPABS R aontiSrPe aBdE pcfial Fantl HBE o
about 5. 08 ¥oaliflg feriPefatur@iih combiRgtidn @ith @ codtbdlleregi ons  adj acent the smal |
area were substantl ally unaffected. Al though the present invention has been

described in connection with specific exanples and enbodi nents, thgse
skilled in Thetepsd cqmmqneﬂb%@ﬂraezeél inpigle ap geopraweprherq ehagher and fhe smallapl e of

other vari ajLopsiAile TN SN WVRERED 1d §65156RPCH. (§85C) (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.




exanpl es and enbodi nents are intended as typical of, rather than in any way
limting on, the scope of the present invention as presqp&gd i r5H§
appended clainms. 9 PARTS LIST Fig 4 vane 6 chi ppi ng danage I%ape %0 t ape
hol der 32 wires 34 cushioning material 40 thernocouple 114 interior side
116 susceptor 118 susceptor wall 120 susceptor interior 136 covers 138
gas source 1.40 conduit 141 gas inlet 142 end walls 143 pressure sensor
144 regul ator system 146 regul ator system 148 gas outlet 150 second end

wail Fig. 3 |

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

10



302 tenperature profile, nozzle thernocouple 304 tenperature profile,

nozzl e thernocouple 306 tenperature profile, nozzle ther4 cou Iee206’>§)8
tenperature profile, nozzle thernocouple 310 tenperaturen%?‘() 8

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 netal coating conprising the steps |
of : positioning a nmetal source coating tape in contact with the selective J
area; hol dWHAIHE CloAINMED I8ape in contact with the selective area using a
tape holder that is stable at high tenperatures; and heating the selective
area to an effective tenperature for an effective anmount of tinme under an
inert atnodpkenetiod é0applyingnat diffusioatmdeial efatinpadet evlgtiinedreat bf akmdig on the
selective area. 2. The nethod, of . cl ai 14\her,ei n step of positioning the
metal sour CBEIEBSATPRpent haying sy %‘gog%?r FoRtngsomPREng thesBersaf sel ect ed

fromthe group consisting of alum num chrom um alum num chrom um all oy,

silicon al P&iﬂ&ﬂh@bhﬁal sotireé aalitMB AU cOmERaLikiOthe sMe@ipdiaw®;, vanadi um

al um num al | oy, cobalt al um num an conbi nati ons thereof. 3. The nethod of
claim2 wherein the step of  positionj ngwi he netal source coat{' ng . tape
further in8pldisthscoptingiapan sompstayith Mg selechye piea gsingfetaps Bpldep Baifes an
activator cQRRAYARh thnpd@rddBidyod of claim 3 wherein the activator conpound
includes a halide” 5. The nethod of claim4 wherein the activator conpound

that includes a halide is selected fromthe group consisting of alum num
fluori de, heatienthe sehactive geca 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 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



ammoni um chl ori de, ammoni um fl uori de, potassiumfluoride, pot assi um

brom de and m xtures thereof. 6. The nethod of any one of regﬁ(g{n
clainms, wherein the step of holding netal source coati ng Y)?@ﬂ? tact
is acconplished with a self adhering tape. 11 4 Novenber 2005 7. The net hod
of claim1, wherein the step of holding the coating tape high tenperature
di rensional ly stable tape holder is fabricated froma material selected
fromthe group consisting of graphite, ceram c, carbon-carbon conposite,
cerani ¢ mat7 iThecoefivel o€ chuk towherwt ithastdphef holding thd lweatirg hagk highcl ai m
1, wherein_,an in urface t he hi gh tenper.at nsi onal | tabl e
Lape. o deteBapanaR: Farg apeflyorabienechec BTV Hbicaleg Fhme abi¥ilon
claim1, wkeleied tfhemhitgh g@ﬂFercahsiE;ﬁngh ﬂﬁn@aﬁﬁiﬂM YeeBdraie, ecaﬂbaﬁ&:a{fhz;lnder

i ncludes a cushioning material internedi ate the_ tape hol der and the netal
source coatPHOPlpecTampic makixeampRpisrand compiatigisriereofhe cushi oning
material is a felt mterial selected fromthe group consisting of

graphite, ceram c and conbinations thereof. 11. The nmethod of claiml
further including the step of fixing the high tenperature dinensionally

stable tapg, I’lq{edﬁlretﬁog Bh%lﬁﬁ”‘?om}em% intfee S'E?FaEQQJfOtfl'leCllu hr@eill‘%em&{eei n the

met hod of fixing the hig n'ﬁerature dimensional |y stabl"e tape holder is
mechani cal dH![lQHSqurﬁéIYnﬁ@W@da eldar subistantisdlyaninrars éhereed hetivecatieanmet hod of
fixing the high tenperature dinensionally stable tape holder is selected
fromthe group consisting of wiring and clipping. 14. The nethod of claim
| wherein the substantially selective area is heated by a quartz infrared

| anp. 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.

12



12 4 Novenber 2005 15. The nethod of claim 1 further including the step of

pl aci ng one or nore thernocouples adjacent to the sel ect) gﬁﬁg
nonitor and precisely control the effective tenperature.d%rg‘f ezﬁg% hod of

claiml wherein the effective tenperature is about 982.22 C (1800F.) to
about 1093.33 C (2000F.). 17. The nethod of claim1 wherein the effective
anount of tinme is about 3 hours to about 8 hours. 18. The nethod of claim
1 wherein the inert atnosphere is selected fromthe group consisting of
argon and Hydrldgemethpd. offknimet Hodhert inclusding thevstapevh placengopee@remnianed

metal coati thickness: i toqLoml t hout. mql . 20.. Th hod of
claim?2 V\het?%fnr? %ﬁée&ﬁ?ﬁa 8%}%}%%%?%18%“‘660%?? r%g rlgésilllil:'[iogf %]Idu?ﬁeﬁlg%}g °°§BT§F |hheg about
1 ml| to aleffistti® widperatutehi ckness. 21. A turbine engi ne conponent repair
system conprising the steps of selecting a turbine engine conponent, the
conponent having a selective area to be repaired; positioning a netal

sour ce coatlibn@ht apethod of vkaisel evitarsin the eéfectivd dinmgerithse Bogboung822ped n

pl ace with i, t enpe re  di lgnally stable tape holder; heating
subst ant i aI(WHo%otaﬁguégﬁgécﬁ %@Béa&)o an effective tenperature for an
effective amount of time under an inert atnosphere to achieve a netal
coati ng of redet erm ned thi.ckness; and applying.a thernmal _Qarrier
Coating of "B LR FETIATRTER bRYEESs A e tveoun g s atpyy 3 Hours &

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.
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4 Novenber 2005 METHOD FOR APPLYI NG DI FFUSI ON ALUM NI DE COATI NG ON A
SELECTI VE AREA OF A TURBI NE ENG NE COVPONENT ABSTRACT A %hod for2 @ippl yi ng
di ffusion alum nide coating on a selective area of a turb 8ven%lﬁeéig
conponent and the coating produced by that nethod is disclosed. A quartz
infrared | anp heats only substantially the |localized area of the conponent:
to be coated, rather than the conplete part. Either halide activated or
non-activated tape (20) is applied on the area to be coated and is held in
pl ace during coating using a high tenperature dinensionally stable tape

hol der (30) mapfreRIFER APPLVENGRNFLEISION ACORMINIDE TRSATIHEG 0N wnf r ar ed

lanp is used to heat only the desired area to a coating tenperature of
about 982. 22C (18EELECGTIVE ARBAIOH GOBUBBINEXENGINIECOMPONENAN i nert

at nosphere for about 3 to about 8 hours to achieve the desired al um nide
coating thickness. No powder masking of the machined surface area is
required. Due to the |localized heating, alum num vapor generated fromthe
tape will only deposit alumnide coating on the taped area. Figure 3 13

ABSTRACT

A method for applying diffusion aluminide coating on a selective area of a turbine
engine component and the coéting produced by that method is disclosed. A quartz
infrared lamp heats only substantially the localized area of the component to be
coated, rather than the complete part. Either halide activated or non-activated tape
(20) is applied on the area to be coated and is held in place during coaling using a
high temperature dimensionally stable tape holder (30) manufactured from graphite or
ceramic. The quariz infrared lamp is used to heat only the desired area to a coating
temperature of about 982.22°C (1800° F.) to about 1093.33°C {2000° E.) under an
inert atmosphere for about 3 to about 8 hours to achieve the desired aluminide coating
thickness. No powder masking of the machined surface area is required. Due to the
localized heating, aluminum vapor generated from the tape will only deposit

aluminide coating on the taped area.

Figure 3
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