METHOD FOR VAPOR PHASE ALUM NI DI NG OF A GAS TURBI NE BLADE PARTI ALLY MASKED
W TH A MASKI NG ENCLOSURE FI ELD OF I NVENTION This invention relates to the
gas turbine blades used in gas turbine engines and, nore particularly, to
sel ectively protecting portions of the gas turbine blades with a
protective coating. BACKGROUND In an aircraft gas turbine (jet) engine,
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The hotter the combustion and exhaust gases, the more efficient is the operation of the
jet engine. There is thus an incentive to raise the combustion and exhaust gas
temperatures. The maximum temperature of the combustion gases is normally limited
by the materials used to fabricate the hot-section components of the engine. These
components include the turbine vanes and turbine blades of the gas turbine, upon
which the hot combustion gases directly impinge. In current engines, the turbine
vanes and blades are made of nickel-based superalloys, and can operate at
temperatures of up to about 1800-2100°F (980 - 1150°C). These components are

subject to damage by oxidation and corrosive agents.

Many approaches have been used to increase the operating temperature limits and
service lives of the turbine blades and vanes to their current levels, while achieving
acceptable oxidation and corrosion resistance. The composition and processing of the

base materials themselves have been improved. Cooling techniques are used, as for



exanpl e by providing the conponent with internal cooling passages through
which cooling air is flowed. In another approach used to protect the

hot - secti on conponents, a portion of the surfaces of the turbine blades is
coated with a protective coating. One type of protective coating includes
an al um num contai ning protective coating deposited upon the substrate
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thereon and/or may need new coatings applied. In many cases, it is difficult to
achieve the desired combination of protective coatings and bare surfaces. There is a
need for an improved approach to such coating processes to achieve the required
selectivity in the presence and thickness of the protective coating in some regions, and
to ensure its absence in other regions. The present invention fulfills this need, and

further provides related advantages.

SUMMARY

The present invention provides a method for selectively protecting a gas turbine blade
by depositing coatings of a desired type and thickness in some regions, and preventing
the coating in other regions. The approach uses vapor phase aluminiding, a coating
technique that is relatively economical and environmentally acceptable as compared
with alternative approaches such as pack aluminiding. Transition zones between the

coated and uncoated regions of no more than about 1/8 inch (3 mm) may be achieved.



A nmethod for selectively protecting a gas turbine blade conprises the steps
of providing the gas turbine blade having an airfoil, a shank with a
dovetail, and a platformtherebetween having a top surface and a bottom
surface, and providing a masking enclosure. The nmaski ng encl osure includes
an airfoil enclosure having a top seal plate mﬁth a top opening
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The top opening of the airfoil enclosure is desirably sized so that a top gap between
the airfoil and the top opening is not greater than about 0.005 inch (130 pm).
Similarly, the bottom opening is desirably sized so that a bottom gap between the
shank and the bottom opening is not greater than about 0.001 inch (25 um). This
close fit between the openings and the respective portions of the turbine blade aids in
preventing penetration of the aluminum-containing gas during the aluminiding step.
Additionally, the top opening may be profiled to conform to a shape of the airfoil
adjacent to the platform. A space between the dovetail and the dovetail enclosure may
be filled with a masking powder to reduce the possibility that the aluminiding gas may

penetrate through the gap between the shank and the bottom opening.

To prevent loss of aluminum from the airfoil in those situations where it has been
previously aluminiding, an aluminum-containing coating may be deposited on an

inside surface of the airfoil enclosure.



i nsi de surface of the airfoil enclosure. 3 Preferably, the airfoil
enclosure is not integral with the dovetail enclosure. The dovetail

encl osure usually has a renovable end plate sized to allow placing of the
dovetail within the dovetail enclosure. The vapor phase al um nidi ng may be
conducted by any operabl e approach. Preferably, the alum niding assenbly
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around most masks. As a result, the aluminum-containing coating is often present on

the portions that are not to be coated, when prior approaches are used. In the present
case, the closely fitting masking enclosure, coupled with the other masking techniques
discussed herein, are highly successful in defining the dividing line between the
coated and the uncoated regions. In testing, a coating-to-no-coating transition of no
more than about 1/8 inch (3 mm) has been achieved. This good resolution of the
coating-to-no-coating transition is particularly important for small gas turbine blades,
often no more than about 2 inches (50 mm) in total length. Additionally, the reusable
masking enclosure is very cost effective to use, as compared with more complex one-
time masking techniques such as tape, slurry, or powder masks. Production efficiency
with the present approach may be improved even further by building the masking
enclosure so that two or more gas turbine blades may be placed into the masking

enclosure.

Other features and advantages of the present invention will be apparent from the

following more detailed description of the preferred embodiment, taken in conjunction



encl osure. Qther features and advantages of the present invention wll be
apparent fromthe following nore detailed description of the preferred
enbodi ment, taken in conjunction 4 with the acconpanyi ng draw ngs, which
illustrate, by way of exanple, the principles of the invention. The scope
of the invention is not, however, |limted to this preferred enbodinent.

BRI EF DESCRI PTI ON OF THE WNGS  Figure 1 js a perspectiye view of a gas
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encl osure. DETAI LED DESCRI PTI ON Figure 1 depicts a gas turbine blade 20

whi ch has preferably previously been in service, or which my be a

new make article. The gas turbine blade 20 has an airfoil 22 against which

the flow gmﬁpbWE@ﬂ%pzﬁg ARERFGEIUri ng service operation, a
, an

downwar dl y ext endi ng shank 2 and an attachnment in the formof a dovetail
26 which attaches the gas turbine blade 20 to a gas turbine disk (not
shown) of Figuee §asa parspmctiee viewgifagas Airpinabladem 28 ext ends transversely
outwardly at a location between the airfoil 22 and the shank 24 and

dovetail 26. The tfarm28 has a to rface.30 adjacent. to the airfoil
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pl atform pgdiacent to the shank 24 and the dovetail 26. An exanple of a gas

turbine blade 20 with which the present approach may be used is the

CF34-3B 1 high pressure turbine blade, although the invention is not so
i nmited. Figure 3 is a schematic sectional end view of the gas turbine blade in the masking

enclosure; and

Figure 4 is a schematic sectional side view of the gas turbine blade in the masking

enclosure.

DETAILED DESCRIPTION

Figure 1 depicts a gas turbine blade 20 which has preferably previously been in
service, or which may be a new-make article. The gas turbine blade 20 has an airfoil
22 against which the flow of hot combustion gas impinges during service operation, a
downwardly extending shank 24, and an attachment in the form of a dovetail 26 which
attaches the gas turbine blade 20 to a gas turbine disk (not shown) of the gas turbine
engine, A platform 28 extends transversely outwardly at a location between the airfoil
22 and the shank 24 and dovetail 26. The platform 28 has a top surface 30 adjacent to
the airfoil 22, and a bottom surface 32 (sometimes termed an “underside” of the
platform) adjacent to the shank 24 and the dovetail 26. An example of a gas turbine
blade 20 with which the present approach may be used is the CF34-3B1 high pressure

turbine blade, although the invention is not so limited.



The entire gas turbine blade 20 is preferably nmade of a nickel - base
superal l oy. A nickel -base alloy has nore nickel than any other el enent,
and a ni ckel -base superalloy is a nickel-base alloy that is strengthened
by ganmma-prine phase or a related phase. An exanple of a nickel-base
superal | oy with which the present invention may be used is Rene 142,
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gas turbine blade are eroded, oxidized, and/or corroded away so that its shape and
dimensions change, and coatings are pitted or depleted. Because the gas turbine blade
20 is an expensive article, it is preferred that relatively minor damage be repaired,
rather than scrapping the gas turbine blade 20. The present approach is provided to
repair, refurbish, and rejuvenate the gas turbine blade 20 so that it may be returned to
service. Such repair, refurbishment, and rejuvenation is an important function which
improves the economic viability of aircraft gas turbine engines by returning otherwise-

unusable gas turbine blades to subsequent service after appropriate processing.

One aspect of the repair in some cases is to apply a protective coating to the bottom
surface 32 of the platform 28 and the adjacent portion of the shank 24, Because the
bottom surface 32 of the platform 28 and the shank 24 are relatively isolated from the
flow of hot combustion gas that impinges against the airfoil 22, it has been customary
in the past that they not be provided with a protective coating. However, as other
properties of the gas turbine blade 20 have been improved to allow ever-hotter
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In the past that they not be provided with a protective coating. However,
as other properties of the gas turbine blade 20 have been inproved to

al l ow ever-hotter 6 operating tenperatures for increased engi ne efficiency,
it has becone apparent that the bottom surface 32 of the platform 28 and
the adj acent portion of the shank 24 of the gas turbine blades 20 of
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bat h, such; i ARl ] It t ur bi ne
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the regions that are to be coated in the present operation, specifically the bottom

surface 32 of the platform 28 and the adjacent portion of the shank 24. The remainder

of the gas turbine blade 20 is also typically cleaned as well. Any operable cleaning
procedure may be used. One effective approach is to contact the turbine blade 20 to a
weak acid bath, such as diammonium versene, and thereafter to grit blast the turbine
blade 20.

A masking enclosure 50, illustrated in Figures 3-4 with the gas turbine blade 20
therein, is provided, numeral 42. The masking enclosure 50 comprises two parts, an
airfoil enclosure 52 and a dovetail enclosure 54, which are preferably not integral with
each other. The airfoil enclosure 52 and the dovetail enclosure 54 are boxes with
solid walls and openings therethrough as will be described subsequently. The
function of the masking enclosure 50 is to prevent aluminum deposition on the
enclosed portions and to permit aluminum deposition on the unenclosed portions
during the aluminiding process. The respective walls 56 and 58 of the enclosures 52
and 54 may be made of any operable material that will not significantly degrade when
exposed to the elevated temperature conditions of the aluminiding process, and are
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function of the masking enclosure 50 is to prevent al um num deposition on
the enclosed portions and to permt al um num deposition on the unencl osed
portions during the alumniding process. The respective walls 56 and 58 of
the encl osures 52 and 54 may be made of any operable material that wll
not significantly degrade when exposed to the elevated tenperature
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pl aced between the wall 58 of the dovetail enclosure 54 and the wall of

the hol der..59,to precjsely_positio t he dquetajl .enc]Jqsure 54 and to
provent i 00F APl gaelegireTstbisappieally sipRarbdne boxigcholdrod. sbaWighat e 60
Wi th a topiQpesibifofif H'iﬁﬁr??i@f:%@ﬁ) Ia-H%F. 2R &P@" B9 hO flal nd sized
to recei velﬁe airfol Ie 22 of the garsC t ur bi neg b alglepgogtaﬁg(%g%}ﬁ@%ﬂg , Wth

t he airfowallZ8 abitbhedaieta] énclcowgtbstand thowald pé thertplde? S8nd precisely gasiionnt eri or
of the airfoil enclosure _52. The top.seal plate 60 preferably contacts and
rests upo#letcl‘f’éfetagﬁnglﬁ?‘frﬁéga@‘ét(b?ref’?{gltp#%ﬁ’@?wg% with a close contact

t herebetween. The top opening 62 is preferably shaped, sized, and

her cb | _shape
| mensi ongdle $QfdiNalcIGubOR? 8aPa §dp sAEHRRER b f‘*fﬁl%%ém‘%zﬁn? f}ggéém?ﬁ%‘?p .

opening 62 is not greater than about 0.005 I nch
al um ni di dye dos opemn 62 rig altkipeyt ahl gieedrib aetdine thetarfoid 22off thheaaiturbiel

encl osur e . Jo. furthe revent, uch f.low of al unm nidin s into the
Tnter: or  biadehabereiyoiit. BB BeaiETaT Sficudivd fhrduel s ap oBn e S3g0d 1 abl y
made W t hidihend QRerRP 8Pk 67 ANBRRE 550 THRMEP 5 b 66 BRSO bliGcROT ti on

of the airfoil 22 which is adjacent to thlhe pFatkormZ : Anﬂ{ynm e surface
66 of t heawhidstsSpontha thp saifade3i0lof dimcplofone2$ Fiths ghosefoentabl therebetiveeh. Wit h a
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on the  petween the airfoil 22 and the top opening 62 is not greater than about 0.005 inch (130
pm), so that aluminiding gas cannot readily flow into the interior of the airfoil
enclosure 52. To further prevent any such flow of aluminiding gas into the interior of
the airfoil enclosure 52, the top seal plate 60 is desirably made with the top opening
62 shaped to conform to a shape of the portion of the airfoil 22 which is adjacent to
the platform 28.

An inside surface 66 of the wall 56 of the airfoil enclosure 52 is preferably coated
with a thin aluminum-containing coating 68. The aluminum-containing coating 68
prevents the depletion of aluminum from coatings that are already present on the
surface of the airfoil 22 within the airfoil enclosure 52 during the subsequent heating

associated with aluminiding.

The dovetail enclosure 54 further includes a dovetail guide 70 in the form of a slot
that receives a lower end 72 of the dovetail 28 therein. The dovetail guide 70 holds
the dovetail 26, and thence the entire gas turbine blade 20, in the proper orientation
relative to the dovetail enclosure 54 and the airfoil enclosure 52. The function of the

dovetail enclosure 54 is to prevent deposition of aluminum onto the dovetail 26 during
8



surface of the airfoil 22 wthin the airfoil enclosure 52 during the
subsequent heating associated with alum niding. The dovetail enclosure 54
further includes a dovetail guide 70 in the formof a slot that receives a
| ower end 72 of the dovetail 28 therein. The dovetail guide 70 holds the
dovetail 26, and thence the entire gas turbine blade 20, in the proper

orientatiq relative to the dovetail enclogure 54 d t airfoil

encl osur e B SUbpERHCRt MAROT HHasss aqF‘F?H“giB%\??Pai ﬁ@ﬁem@e&f&a@ﬁféﬁ% 3 bpfeent
depositio - &l O, ' afbin E q vapor
phase a|u@P%%3€§gW§?§g# ﬁﬁ%Pﬁ%ggﬁg?aﬁbgﬁg 74 §§e§¢%§?¥§#ﬁﬁ§b§ﬁﬁﬁg 76

t her et hr oshdnksiaped and sized to fit around the adjacent portion of the
shank 24. The bottom opening is 76 shaped and sized so that a bottom gap 78

bet ween t hank 24, and e bottom openjng .76 i S nQ reater thap about
- 001 | nctiie PR APEILag 5 74 THRRL S Herde LR EEHOTGH. &P EHECSFah s PR gas
into the batgd g sﬁuohh%pelﬁﬂgw Is n@NGLASU RN 4ot 0,00 fngﬁ éyﬁﬂ%”t

alum niding step. AdditionalTy, a space 80 between the dovet and the
wal | 58 ofminimgizel dhe ipandtrating | af sthe ealddinndipg qgas iioteatheyintdner fdfl the dowktall a

maski n owder 82 that is filled through.g fill-hole.84 (which is
t her ;aa? t gﬁ\ﬁgf’ﬂﬁaﬁ% HW& e wHpseduat @?mgwﬁaw&pai Aianalir & wace $hle
maski ng pQuRRlen tﬁédé\fexaqrﬁ ehPBleYwaD 58 %Fﬁgle &d&!@faﬂa&ﬁﬁos&%% ﬁajé%hﬂ&-am . The

gas turbine blade 20 i1s aced, nuneral 44, into the maskin ncl osure 50,
to form &n fdlednvithci mgslass eobidyr 83 tlast is ditledi thrabighur SH-Hdlel 84 Tevhivhhiseve thi s

el osut o UeHSatHE DlgEDn eowall 1 of the, stk el e Aot BRVBRHBEBOWFO  he
dovetail gpgl %&l?énfﬁeﬁ%u@%%&%%%h%ﬁﬂ re 54 is preferably provided

with a renovable end plate he dovetall 26 slides into the dovetail
guide 70 with the end plate 90 renoved, and then the end plate 90 is
i nst al | ed Th#lges airbihobladed¢ isodaved, Hinérsl 44) sta theadashirey enclosumi S0f i forrfR2. The

al um nidin assenbly 88 h the ajirfoil d the dovetail 26 of the gas
Furb] me bl gLOSEEE distmbly B o aear MO IOHET Sdu b aghitve TS Sismbly’ the gas

turbine blade 20 is first inserted into the dovetail enclosure 54. To permit the

insertion of the gas turbine blade into the dovetail enclosure 54, the dovetail enclosure
54 is preferably provided with a removable end plate 90. The dovetail 26 slides into
the dovetail guide 70 with the end plate 90 removed, and then the end plate 90 is
installed. The airfoil enclosure 52 is installed over the airfoil 22. The aluminiding
assembly 88 has the airfoil 22 and the dovetail 26 of the gas turbine blade 20 within

the masking enclosure 50.

The aluminiding assembly 88 is vapor phase aluminided, step 46, preferably from a
solid aluminum-containing source that is not in physical contact with the aluminiding
assembly 88. Aluminum is deposited on an exposed portion 92 of the gas turbine
blade 20 that is not within the masking enclosure 50. In the illustrated embodiment,
the exposed portion 92 includes the bottom surface 32 of the platform 28 and the
adjacent portion of the shank 24 between the platform 28 and the dovetail 26 although

the invention is not so limited.

Vapor phase aluminiding is a known procedure in the art, and any form of vapor phase

aluminiding may be used. In its preferred form, baskets of chromium-aluminum alloy

9



The al um ni ding assenbly 88 is vapor phase alum nided, step 46, preferably
froma solid alum numcontaining source that is not in physical contact
with the aluminiding assenbly 88. Alum numis deposited on an exposed
portion 92 of the gas turbine blade 20 that is not within the masking
enclosure 50. In the illustrated enbodi nent, the exposed portion 92

i ncl udes t bottom . surfagce 32 of. the atform 28 and. th adj acent portion
of t he. ShBRIEDHeFOT B VHER AR oA 65 B Of e o Papiae bials 1t HEtgh 1 he

I nvent i onphgeNimdfied! i1 4 Rfort. VEROFet @&ﬂaﬁ}dg Thi'h m&mtﬁ%m&%gmcedure
in the arP, and any form of vapor phase alumniding may be used. In its

pr ef er r ed 268 oftypicdblysketys tadbirehbladesu aseaprocessedntagetiny) 19 hpatkd 6h saraamgon

iti d withi bout, 1 i 25 th t ur bi bl ad b
Phase al GATHISIGEE & HEGUIBEYE Of A6 5D B PO EARTF o (e EHURT €D ¢ hor
Lurbi ne biglor 20t YPRAL! oCreid U WeBbaLES: 3PaRROPRSEd oast her) 1

heated in an argon atnosphere”at a heating rate of about per

m nut e t ondAndtesypRriak uvldclo tinabautninub® 75 Hepc2iéd, (dbd8fien 3W6) codied do abouthat

t enper at ur, or ut hours +/- 15 mnutes, .during which tinme alum num

i s deposi 25@,1? @%@’%Sﬁ%%%@%%r%méﬁn?@a%‘%u eseéﬁwse&fgmpemeﬁ FeHd& to room
t enper at ugg. .l L Sl i to alter the

t hi cknessQ%?edtIﬁ?ﬁg%ggﬁﬁﬁgg?%tﬁlgﬁ%ﬁ%%?al i nggﬁrggﬁé@éﬁ e present invention
has been reduced to practice with gas turbine blades that are about 1.8

i nches (4Thenpreseninoyentsinnitpst been agphiced ¢d peictica sathdzaaltorhéne Bladest thanaret i on

bet ween the expose tion. 92 of.th as turbine b)Jade that was, al um ni ded
and the BBV rnfgesp (45amidens, gpingdhe dbsioash %ﬁﬂ@ae VEnI \nedisttion) 8 i nch
(3 ). p i . Leds diwi di ; _

parti cul a?%&%%ﬁ%ﬁf%&({rﬁgﬁ ?%\Q/’gﬁlﬁtelr%ﬁ tﬁg]sﬁybﬁg%&ng %g%%%@eglllﬁg%%ﬁ% for

pur poses dbvathil 26 thabtvaonot ty e abmsinidod waks oalyiabost 1H8 dhobr(B amak pentidingay be
made w thout departjng. . fromthe spirit and scope of the invention.

Accor di ngPiecisehygeonir iyiding linenot to be |inmited except as by the appended
clainms. 10

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

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

10



CLAIMS: 1. A nmethod for selectively protecting a gas turbine bl ade,
conprising the steps of. providing the gas turbine bl ade having an
airfoil, a shank with a dovetail, and a platformtherebetween having a top
surface and a bottom surface; providing a maski ng encl osure conprising: an
airfoil enclosure having a top seal plate with a top opening therethrough
and si zed io E?.eive the airfoil of the gas turbine blade therein with the
airfoil ' through the top opening and the top seal plate contacting
the top surface of the platform and a dovetail enclosure including a
dovetai | gui deatfiahod @&ege‘y&ﬁvayIp?&@ét_inge@gamﬁiﬂ@bﬁe&%ﬂﬁsldgeﬂmels&pgnd a
bottom seal plate with a bottom opening therethrough and sized to fit
around t hef:shank; thereafter placing the gas turbine blade into the masking

enclosure to forman _al unj nj.di assenbl y:. and thereafter vapor phase

2l um ni di ng t hEroXI i e grnriias BRaF bavine wl ndilya Sk PR adeylibanday g 1 ts
ai rfoi |l apdifhins tHeHREAlh WbinBlaNod DG ARSI RBoRARs@FMee, such that al um num
is deposited on an exposed portion of the gas turbine blade that is not
within the naplvignenuassog encl@surefémmprisingyd of claim 1, wherein the step

of providing the gas turhine bl ade, i.ncludes the steps_of providi.ng the gas
CUr bi e bl ade. whi Shah oA doe Bty bt 3 108 e B AEL o FRR PRI e gas

turbine b{h@f@mog’%h ahesin®d odcQle flealifbil of rtl%ez as Wi Madd'Berlie Rif@f thPr OVi di ng

t he masking enclosure includes the step o epositing an
al um num aidotl aixténdgnge thaeughgthe toppemsg cded she tagc seabplatd eomtbeting the tepicl osur e.

11

surface of the platform, and
a dovetail enclosure including a dovetail guide that receives a lower

end of the dovetail therein and a bottom seal plate with a bottom opening therethrough
and sized to fit around the shank; thereafter

placing the gas turbine blade into the masking enclosure to form an
aluminiding assembly; and thereafter

vapor phase aluminiding the aluminiding assembly with the gas turbine blade
having its airfoil and its dovetail within the masking enclosure, such that aluminum is
deposited on an exposed portion of the gas turbine blade that is not within the

masking enclosure.

2. The method of claim 1, wherein the step of providing the gas turbine blade
includes the steps of:
providing the gas turbine blade which has previously been in service, and

cleaning the gas turbine blade.

3. The method of claim 1 or 2, wherein the step of providing the masking
enclosure includes the step of:
depositing an aluminum-containing coating on an inside surface of the airfoil

enclosure,

11



4. The nmethod of any one of the preceding clains, wherein the step of
providing the masking enclosure includes the step of: sizing the top
opening so that a top gap between the airfoil and the top opening is not
greater than about 0.005 inch (130 gn). 5. The nethod of any one of the
precedi ng clains, wherein the step of providing the nmasking enclosure

i ncl udes the s of : .providin he top.seal, plate wth the top.opening
brof i1 ed fo cobrriftiod ol s RUPAT B FrrEting e HATELENe S8 AL WEGAEE o m 6.
The net ho : HRCEH clainms, wherein the step of

provi di ngﬂle?{%%s%se%?%aﬁgr%%gre |%C‘F[3des the step of sizing the bottom
openi ng so t hasizmghld topropeEipg be thee e tort gep ehacdn thedirfoileand it topropepiepi ng i s
not greater than ahout 0.001 inch (3@5 . 7. The nmethod of any one of the
pr ecedi ngisdiohersater feapbewt 000 ek f”"‘g oviding the masking encl osure
includes the step of: providing the airfoil enclosure that is not integral
with the dovetail enclosure. 8. The nethod of any one of the preceding

cl ai s, wher ei ht hetlzidejd aaf ope of thedi precedineclainskwherenihk aprof provddindes t he

step of: Provi di ng the dm&g@l enclosure with a renovabl e end pl ate sized
to al | ow thSImsKing sHelopyre Ha st ki n the dovetail enclosure. 9. The
nmet hod of any : e. pr { hay L e i ng

i ncl udes a st egfbglll&%% Ihﬁ }103) %%fsagg‘geg“@@%ﬁpwgﬁ‘g‘g&éﬁ’gﬁﬁn@@iﬁéﬂ o%et ai l
encl osur eshwipt bf thersuddil Sdjacepowdte plalformThe net hod of any one of the

precedi ng clains, wherein the step of vapor phase al um niding includes the
step of. 12 vapor phase alum niding the alum niding assenbly froma solid

alum oLy, 60U e flfHod oF a9 onk B BV &AnCRRRC hinteld tnb Up b kit "9
the masking enclosure includes the step of:
sizing the bottom opening so that a bottom gap between the shank and the

bottom opening is not greater than about 0.001 inch (25 pm).

7. The method of any one of the preceding claims, wherein the step of providing
the masking enclosure includes the step of:

providing the airfoil enclosure that is not integral with the dovetail enclosure.

8. The method of any one of the preceding claims, wherein the step of providing
the masking enclosure includes the step of:
providing the dovetail enclosure with a removable end plate sized to allow

placing of the dovetail within the dovetail enclosure.

9. The method of any one of the preceding claims, wherein the step of placing
includes a step of:
filling a space between the dovetail and the dovetail enclosure with a masking

powder.

10.  The method of any one of the preceding claims, wherein the step of vapor

phase aluminiding includes the step of:

12



11. A method for selectively protecting a gas turbine blade, conprising the
steps of: providing the gas turbine blade which has previously been in
service and having an airfoil, a shank with a dovetail, and a platform

t her ebetween having a top surface and a bottom surface, wherein the step
of providing the gas turbine blade includes the step of cleaning the gas

tur bi ne bl ade; providing, a msking enclqsure conprising: an, ajrfoil
encl osure havi NP Rigse slupinising Qiev@lpwnagmgpasaeﬁ%%r%omt%éﬁﬁ& ARSHBHand

sized to | ' | . : herein with the
airfoil e&?lgﬁ%l#l%tgfstmﬁir: g{fgﬁgif %‘e&%‘oa%p‘g‘égﬁf%n%%&lﬁ%% Stélglglytéeal pl ate contacting

the top surface of the platform wherein the step of providing the masking
encl osure includes the step of depositing an al um num containing coating
on an insitde sdrmstheddpr selectivalyrmrgiertinghe 2as tirkine blndeacorerrsing theeiPSosur e

i ncluding g dovetail guide that receives a |lower end of the dovetail
therein and a bottom seal plate with a bottom opening therethrough and
sized to fit apiiding ke ghamkcbidehsladafihich phagteripuslyebgasint surbicaeanil ade
into the masking enclosure tqQ forman alum niding assenbly, wherein the
step of phavpagniaHil;feshank suthy devetail, apd @ lﬁa@cpat‘glerab@tvw&@rybams ad¥Pet ai |
and the d Il qe r | ; ' p P t her L er 1 vapor
phase al ugq&%%c |'?{n“g(;1 ?%@R%UW%%%@@%%W Wi Q%%@]g}fsg% utr%g%ﬁg btlﬁdgde

havi ng it $nchidek €id stepnef dldanirgalie b turbdhd Blade;t he maski ng encl osure, such that
alum numis deposited on an exposed portion of the gas turbine blade that
i s not within PHRYidipgarmaskingsaslese eompmsinghe net hod of claim 11, wherein

(e step of provid up G THRHLIR SAERESK G MPIRER AR M hir
i s not gr@ak@hroupRandkiesd tdrddeive ithchirfoll 3T thY gasl@rbine blade therein with the
airfoil extending through the top opening and the top seal plate contacting the top
surface of the platform, wherein the step of providing the masking enclosure includes
the step of depositing an aluminum-containing coating on an inside surface of the
airfoil enclosure, and
a dovetail enclosure including a dovetail guide that receives a lower
end of the dovetail therein and a bottom seal plate with a bottom opening therethrough
and sized to fit around the shank; thereafier
placing the gas turbine blade into the masking enclosure to form an
aluminiding assembly, wherein the step of placing includes a step of filling a space
between the dovetail and the dovetail enclosure with a masking powder; and thereafter
vapor phase aluminiding the aluminiding assembly with the gas turbine blade
having its airfoil and its dovetail within the masking enclosure, such that aluminum is

deposited on an exposed portion of the gas turbine blade that is not within the

masking enclosure.

12.  The method of claim 11, wherein the step of providing the masking enclosure
inchudes the step of:
sizing the top opening so that a top gap between the airfoil and the top opening

is not greater than about 0.005 inch (130 pm).
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13. The nmethod of claim 11 or 12, wherein the step of providing the masking
encl osure includes the step of. providing the top seal plate with the top
opening profiled to conformto a shape of the airfoil adjacent to the
platform 14. The nethod of any one of clains 11 to 13, wherein the step of
provi ding the masking enclosure includes the step of: sizing the bottom
opening so that a bottom gap between the shank and the bottom opening is
not greater than about 0.001 inch (25 gnm). 15. The nethod of any one of

ol ai e 11150 LneWAha B tEnot By 95, RAEKIRGENGE FRRKhEUERERRYI ©

I ncl udes the step prov he“al'r enclosu I's not Fntegral
with the d@ﬁlﬁilﬁfbhlchﬂeéfbﬁlsfe@of.m The nmethod of any one of clainms 11 to 15,

wherein the step .of prow di ng.the nasking encl osure_jncl udnzqthe step of.
providing the @Bvidiag thefn sl plateviih the Bpapsping RAfled| tar @nigreip £o aI | ow

pl aci ng o% %{a%fﬁ%va%tlﬁ? L‘djﬁ%&levd;ﬂ"ggﬁtﬁ etail enclosure. 17. The nethod of

any one o e step of vapor phase al um niding
includes the step of: vapor phase alumniding the alum niding assembly from
a solid alum num source that is naot in physical contact with, the
al umi ni di A8 asdbpmrgphod af any one of claims 11 to I3, wherein the step of providing the
masking enclosure includes the step of:
sizing the bottom opening so that a bottom gap between the shank and the

bottom opening is not greater than about 0.001 inch (25 pm).

15.  The method of any one of claims 11 to 14, wherein the step of providing the
masking enclosure includes the step of:

providing the airfoil enclosure that is not integral with the dovetail enclosure.

16.  The method of any one of claims 11 to 15, wherein the step of providing the
masking enclosure includes the step of:
providing the dovetail enclosure with a removable end plate sized to allow

placing of the dovetail within the dovetail enclosure.

17.  The method of any one of claims 11 to 16, wherein the step of vapor phase
aluminiding includes the step of:
vapor phase aluminiding the aluminiding assembly from a solid aluminum

source that is not in physical contact with the aluminiding assembly.
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