27 March 2007 METHOD FOR VAPOR PHASE ALUM NI DI NG OF A GA Negy7 BLADE
PARTI ALLY MASKED W TH A MASKI NG ENCLOSURE FI ELD OF | NVENT I'S 1 nvention
relates to the gas turbine blades used in gas turbine engines and, nore
particularly, to selectively protecting portions of the gas turbine bl ades
with a protective coating. BACKGROUND In an aircraft gas turbine (jet)
engine, air is drawn into the front of the engine, conpressed by a
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t he hot conbustion gases are passe rough a turbine nounte n the sane
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an airfoil section o e tur vanes, h turns the shaft
and .provides power to the conpressor. The hot exhaust gases flow fromthe

back of t i iving it and the aircraft forward. The hotter the
conmbust i oﬁmﬁm‘@ﬁ%@ges, the nore efficient is the operation of the
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gas tenperatures. The maxi mumtenperature of the conbustion gases is
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conponents of the engine. These conponents include the turbine vanes and
tur bi ne bPEREEUVEFOANE: gas turbine, upon which the hot conbustion gases
directly inpinge. In current engines, the turbine vanes and bl ades are
made of nickel -based superal |l oys, and can operate at tenperatures of up to

about 180BATIOGRO{MNED - 1150C). These conponents are subject to danage by
oxi dati on_and c¢orrosive Many approaches have been used to increase
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and corrosion resistance. e corrpgm 1dn and processing o he

burned, and the hot combustion gases are passed through a turbine mounted on the

same shaft. The flow of combustion gas turns the turbine by impingement against an

airfoil section of the turbine blades and vanes, which turns the shaft and- provides

power to the compressor. The hot exhaust gases flow from the back of the engine,

~ driving it and the aircraft forward.

The hoﬁer 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 xcombustion 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 corriponents 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




base material s thensel ves have been inproved. Cooling techri used,
as for 1 -------- -- -- 27 March 2007 exanpl e by provid?ﬁaﬂ#ﬁgzﬁgﬁponent
with internal cooling passages through which cooling air is flowed. In
anot her approach used to protect the hot-section 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 ni ng protective
coating deposited upon the substrate naterial to be protected. The exposed

surface of a 1 taini 0 Y i n i dize pr oduce
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Di fferent ¢olihg ©is flotved.ne gas turbine bl ade require different types and

t hi cknesses of protective coatings, and sone portions require that there
be no coating thereon. The application of the different types d

t hi cknessd8 BPUSF GPReeshy bsedoar nEr_ﬂbegt e E‘_Bffé““oﬂl_e@%?m%n%l Pp npﬁ>f2§1§n_t ion of
~coating depaaédsl ONtHeNuPlile blddediiORBatedRIHe aUstoRBi{d €odiRS! OreOfpe &ftf | Ci ent
coating techni ques, can pose difficult problens for gas turbine bl ades
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thereon and/or nay n new coati.ngs applied. | cases, it.is
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processes to achieve the required selectivity in the presence and

t hi ckness tfundadyipg $WeiEatd-ve coating in some regions, and to ensure its
absence in other regions. The present invention fulfills this need, and
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for selectively protecting~a gas turbi epositing coatings of a
desi red t ppdecting codingk rapd soinp pedivas regienbst thed hprev enting ghdrdva, dbating in

application of the different types and thicknesses of protective coatings in some
regions, and the prevention of coating deposition in other regions, while using the most
cost-efficient coating techniques, can pose difficult problems for gas turbine blades
which are new-make or are undergoing repair, and may have existing coatings 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 régions. The present invention fulfills this need, and further provides related

advantages.

SUMMARY _

Herein disclosed is 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.




ot her regions. The approach uses vapor phase al um nidi ng, ?‘I\Ea‘i’é}{idfﬂ _
technique that is relatively econom cal and environnent a? y acceptable as

conpared with alternative approaches such as pack alum niding. Transition
zones between. the coated and uncoated regions of no nore than about 1/8
inch (3 nmm may be achieved. 2 27 March 2007 According to a first aspect
of the present invention, there is provided a nethod for selectively
‘protecting a gas turbine blade, conprising the steps of. providing the gas
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having its airfoil and its dovetail within the masking enclosure, such
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3 27 March 2007 turbine bl ade whi ¢ch has previoysly been in service and
havi ng an®ai9Pdin alugind ARRSSHIMDHY: ind dBRreAtiar vaporiiese Ammding sstEibet ween

having a WH_tﬁb‘r%ﬁcf@rbﬁﬁdblﬁd@‘ﬂﬁﬁﬁ%]iﬁ'.uéif‘f%ﬁe‘?nd WO bRk Wi P nRbkiRg OVi di ng
t he gas turbine blade includes the step o cll eani ng the gas
: enclosure, such that aluminium is deposited on an exposed portion of the gas turbine

blade that is not within the masking enclosure.

According to a second aspect of the present invention, there is provided a method for

selectively protecting a gas turbine blade, comprising the steps of: providing the gas




turbine bl ade; providing a masking encl osure conpri sing: ILf

) arch 7
encl osure having a top seal plate with a top opening there rougn and
sized to receive the airfoil of the gas turbine blade therein mnth t he
airfoil extending through the top opening and the top seal plate
contacting the top surface of the platform wherein the step of providing
the nmasking enclosure includes the step of depositing an
al um ni um contai ning coating on an inside surface of the airfoi

encl osure, al'u.\?ﬂlg b?adg%fcth(ﬂa% RI%O% ée%dl ﬁgﬁdginﬁﬂha% lﬁd a sﬁliﬁk%t that
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maski ng powder; hereafter vapor phase alumniding assenbly with the
gas turbi rep @Iala]daehat}ump opening thérethroughend siseddio rextedvielthanitfhil of thigasmaski ng
encl osure alu um deposi ted .on an exposed. portion of the
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service, and it is cleaned ﬁrlor to placing it into the masking encl osure.
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ap

respect i vEOWRIR PPEIRS therethrush ardyyizee o figrennd; the shapk; shescalist pladngBREty at i on of
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top opening nay be profi to conformto a shape air adj acent
to the pl atpof piacmgs'.qnﬂmbs abmp\xéé‘mlﬂgtmspdm/bemén thndotdial aalvibée dovetainc| osur e

may be filled with a maskin wder educe the 055| | it at the al
uni ni di ng bi “FF&Vlﬂbé‘n’e‘f‘;%‘{geg‘f‘%% "ﬁ"?fé"%eéﬁ’aB@tW?e% R‘gﬁ F%mé d the
bot t om opgRiNthe @R turbine blade having its airfoil and its dovetail within the masking

enclosure, such that aluminium is deposited on an exposed portion of the gas turbine

blade that is not within the masking enclosure.

In an application of interest, the gas turbine may have previously been in service, and it

is cleaned prior to placing it into the masking enclosure.

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 pm). 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
réduce the posmblhty that the alumlmdmg gas may penetrate through the gap between the -
shank and the bottom opening.
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27 March 2007 To prevent |oss of alum numfromthe airfoﬁ%ﬁhﬂd{ﬂﬁﬁe
situations where it has been previously alumniding, an

al um num cont ai ni ng coating may be deposited on an inside surface of the
airfoil enclosure. 3b 27 March 2007 Preferably, the airfoil enclosure is
not integral wth the dovetail enclosure. The dovetail enclosure usually
has a renovable end plate sized to allow placing of the dovetail within

t he dovetail enclosure. The vapor phase al um niding may be conducted by any
oper abl e ’P{P?E&@l@thloss BF Sl Yom! B8 ANk GinARSR Bhote iShik2HRH Phase
alum nided froma solid alumnumsource that is not 1 n physical contact

Wi th the previnnsly ciluminidénge mb| alumiiapesonpiiizisg cahting miayibegddpesited ef fanci ent
fast, envir.onnent al fr.i.endl y approach for depositing an
aIuninun}@%ﬁ?%f%?ﬂgﬁﬁgngﬁwﬁb¥ﬁ% t hi cknesses required for gas turbine
protective coatings. However, it is difficult to selectively and precisely
deposit the alum numon only those regions of the gas turbine bl ade where
it is required, without depositing it on other portions, such as the
dovetail, where its presence is not permtted. Many maski ng techni ques
have been used, but the avail abl e techniques do not provide a sufficiently
good definition of the nmasked fromthe unmasked regi ons because the _
al um num contai ning vapor is so nobile that it penetrates through or around
nost masks. As a result, the alum numcontaining coating is often present
on the portions that are not to be coated, when prior approaches are used.
I n enbodi nents of the present case, the closely fitting masking encl osure,
coupled with the other nmasking techniques discussed herein, are highly
successful in defining the dividing |ine between the coated and the
uncoated regions. In testing, a coating-to-no-coating transition of no nore
than about 1/8 inch (3 mm has been achieved. This good resolution of the
coating-to-no- coating transition is particularly inportant for snmall gas
turbi ne bl ades, often no nore than
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~about 2 inches (50 m) in total length. Additionally, the 5%%§aphﬁwnasking
enclosure is very cost effective to use, as conpared mﬁt% nor e conpl ex

one-time maski ng techni ques such as tape, slurry, or powder masks.
Production efficiency with the present approach my be inproved even
further by building the masking enclosure so that two or nore gas turbine
bl ades may be placed into the maski ng enclosure. Qther features and

advant ages of the present invention will be apparent fromthe follow ng
nmor e det aidredraBBs ahé RIifFAN edlodupe iPmef Q{t(éjg?ﬁi R OHE "RVELail Lt RBuleN TEON] UNCL i oN
4 27 March 2007 w th the acconpanyin raw ngs, which illustrate, by way
of exanpl élovetnid epelpsiss psually hes at waiovekle sad phte siped sralley glacingeofi gention i s
not, howev Emn i ferred enbodinment. BRI EF DESCRI PTI ON OF
THE DRAW alegurggfgg?ﬁg&gggggective view of a gas turbine blade; Figure
2 is a block flow diagramof a nethod for selectively protecting the gas

" turbine DlhgdeapdEi phase Buinmiding cineyreiid combetddohgl amyndpariably afprodvd. gas

t ur bi ne bl in the ski enclgosure; and Figure .4 i sche iC

Socti onal T2t gl ol R e SRAEY s pAh e EHE SR R Bitibsur e
DETAI LED REeafiRinrddutdd tiz S4oeinbhileml SdntacBwBitge himbiffe A&ty 20 which has
preferably previously been in "service, or which nay be a new nmake article.
The gas turbine bl ade 20 has an airfoil 22 against which the flow of hot
conmbust i oNRPAPMRTRfHEidding is Ay cdigigtclasto sayirmmspially friendlyh werreacy fext endi ng
shank 24, ¥ t hent 0.t he fo ﬁyg E |k lch ,.attaches

t he gas t% E?ﬁ@g é%gﬁgﬁﬁggm%m6%§ﬁydfﬁﬁﬁg I'S g%ﬁg?h@ﬁ%a% %ﬁnyﬂgégas

turbi ne pogoie. coatingsatHoowener? 8t éxtidhadt tor ssbvedigehy eedissiy déposiatthe | ocati on

between the airfoil i .
L unu%um on only those regions of the gas turbine blade where it is required, without

depositing it on other portions, such as the dovetail, where its presence is not
permitted. Many masking techniques have been used, but the available techniques do not
provide a sufficiently good definition of the masked from the unmasked regions because
the aluminum-containing vapor is so mobile that it penetrates through or 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 embodiments of the present
case, the closely fitting masking enclosure, coupled with the other masking techniques
discussed herein, are highly successful 1n 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, shury, 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
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.22 and the shank 24 and dovetail 26. The platform 28 has ce 30
adj acent to the airfoil 22, and a bottom surface 32 (songgﬁﬁgg§%gpﬁed an
"underside" of the platfornm adjacent to the shank 24 and the dovetail 26.
An exanple of a gas turbine blade 20 with which the present approach nmay
be used is the CF34-3B1 high pressure turbine blade, although the
invention is not so limted. 5 27 March 2007 The entire gas turbine bl ade

20 is prevaﬁﬂ cke : ral [ - | I oy has
nore ni cke ?%a%°°gﬁg&ﬁ%%aﬂﬁe§éﬁh%§ﬁﬁ§yﬁibg’k‘lé%%fa?‘é“@ﬁegﬁé aP: oé‘ es?s a

ni ckel - basfahaldventidraThe scopé bEthgtiesmeion byn@ahowever,  limitqdhoshis prefarrsde| at ed
phase. An exanple of a nickel-base superalloy with which the present

i nvent i oreMRgAiBet sed is ReneR 142, having a nominal conposition in weight
percent of about 12.0 percent cobalt, about 6.8 percent chrom um about
1.5 percent nol ybdenum about 4.9 percent tungsten, about 2.8 percent
rhenium about 6.35 percent tantalum about 6.15 percent alum num about
1.5 per ceRRIBFDRSCRIPHONOFIHR DRAWENGScar bon, about 0. 015 percent boron,
bal ance nickel and m nor elements, but the use of the invention is not so
limted. The preferred enbodinent is utilized in relation to the gas

t ur bi ne DTigers 1392 RESBECUYS y1evppha ganturynadede; i n service, and that enmbodi ment
wi |l be described although the invention may be used as well in relation

Lo new Mg R0t §lkk R @t U Pidtol iBRlecallly BU:ERIDAR: PANIAS| Y been

in service, 1's manutfactured as a new nmake gas tu |'adeé, and t hen used
i n aircraladeengi ne service at |east once. During service, the gas  turbine
bl ade 20 is subjected to conditions which degrade its structure. Portions
of the s turbpine blade are eroded, oxidi zed, apd/qr. corroded. anay so
that its GEHE ErﬂjSCh&F}ﬁ‘Bﬁ§F‘Eﬂ?§laLﬁ"&ﬁ§’é?W @ecgaaﬂlrﬁgge bipde 15 thedpaskingdepl et ed.
Because the rurbine blade 20 is an expensive article, it is preferred
that relatively mnor danage be repaired, rather than scrapping the gas
turbi ne bl ade 20. The present approach is provided to

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 apprbach may be used is the CF34-3B1 high pressure

turbine blade, although the invention is not so limited.




.repair, refurbish, and rejuvenate the gas turbine bl ade Zgﬁﬁ’ar&??@of.t may
be returned to service. Such repair, refurbishnment, and fejavéenation is an
i mportant function which inproves the economic viability of aircraft gas
turbi ne engines by returning otherw se- unusabl e gas turbine blades to
subsequent service after appropriate processing. One aspect of the repair

i n some cases is to apply a protective coating to the bottom surface 32 of

the platf ﬁ]hﬁ" ' t ' Chadh e 4 he

bott om sur ‘g]gg&?gé%f t e@g%ag‘tg? grlﬁn%g‘%ﬁ%gg {h%%é Eﬁg%ﬁ gbgsiéemﬁgﬁgg f’ve y

| sol at ed hickehBasealidy leny nodre nivkekcthab asyt dther gasertaid d mipkakbas apetatiey t he
airfoil 22, it _has been customary_. in the past that they not be provided
with a pritaesickeldase aloydat [ysuppihenedsby garama-prmsydhiass aka selated Phases t ur bi ne

bl ade 20 Rav i ed t = PRI TN SR
olace 27 RAERanBRILAHURLSE Aol Yy B SOt Blesedt iagention piaybe ped
i ncr eas ediseRigichd 42f Rdvirigenaymiriat chraposieaoieweaphaseatdint bhaiout h2.0 fepédnom

surface 32 of the platform 28 and the adjacent portion of the shank 24 of

the gas tabelli shoubpSamsscepbrhspmium,abeeidl.& ﬁgﬁcwégnql?lgﬂené@u?wt procrceent ve
cor oot ort WH1ER ot B BreGRR el BT 1 BRROE B 3 heBR o

have beenalifnemindubolit 1.5 psREMi laeniinm, alsit 039G5trdet Edibon, Gbsut WHGYRE@nNET € i t
beconmes apparent that such a protective coating is required on the bottom
surface 3boren, balengsl micke rand2@ingn dlements bud dhavenof Plor iiventiaf it het sthank 24

only aftel{‘.lpt h(g gas turbine blade 20 has been in service. Simlar

consi der atgrd apply to new nake gas turbine blades, if the need for the

protective coating is known during the initial manufacturing process.

Figure 2 Thd pefdrrii@mbaddihéh & itBed Rpfedaion th e @ gbine bictdenhioN s i on. The
gas turbine blade 20 as descri bed above is provided, step 40. If the gas

t urbi ne bpravieusly bres ipesarvice, nandethat eabodimens wille beslgsaibed salthough the
rovi di ng, st 40. The ¢l eani.ng nornal | i nvol yes t renoyal qf rface
it socrveiprany baftal IR IR OiRs | D b Tihe tlhac™

20, which has previously been in service, is manufactured as a new-make gés turbine

blade, and then used in aircraft-engine service at least once. During service, the gas
turbine blade 20 is subjected to conditions which degrade its structure, Portions of the
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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- bl ade 20

.the regions that are to be coated in the present operatio?7ha3?¥h&hcally
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
cl eaned 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 di ammoni um versene, and thereafter to grit blast the turbine blade
20. A maski.ng: ol t ' ' - ] t ur bi ne
SR ARG 1o inbigaddR Bl S Jercy o Wppph g
conpr i sesbdtiom pafae 32ad thaplatfoirh 28ramtd abeiedjadedt portioa of dvestank 2dnflthsur e 54,
whi ch are preferahl ot infegral with each other. The ajrfoil ,enclosure
52 and t HESdRRbBIeIdes ) Qistiivaniss CRBCE B OHITPIOLSIYEl coutings ta#diRibeni ngs
t herethro | nes o ' : s T k e
maski ng eaﬁ%rhoe gﬁ%ﬁg& %%OIF@&?%%% ?g\%ﬁ%lagﬁﬁfn%%é’éﬁg S r@}%%rg%%& ;l %ﬂﬁ &h %ﬁhos ed
portions sppiied @ garinitineabladesnhinn ltapdsti prsvicuslytihgetvienisladd@ssedas ttheons
-during the alumniding process. The respective wal]ls 56 and 58 of the
encl osur edreymstagergwhere fpbheosmesaprarent thatsush a Pappdiveeoaingis readiredsn | not
signific e, el e ndi tions
of “The ol reaofabta W hneHRRTR 24 Gd WnELREELTFOBIRG ) i)
ni ckel - bagty aftdralye y3itaiding Hlhde Bk hasdeabirscpadd. i Singlsr @tistletAidngasply tr bi ne
bl ade 20 that is being processed. An exanple of such a nickel-base alloy is
ReneR 14mw-make ge/arling blades, af theanesd forstheynsoteetiveycogting by knavn duringbox| i ke
hol der 59, she | lgure 3 but omtted fromFigure 4 for clarity. Wdges
86 may béhﬁﬁg%%ﬁh¥éH%é§§i PRE%hal | 58 of the dovetail enclosure 54 and the
wal | of the holder 59 to precisely position the dovetail enclosure 54 and
Lo pr evertigirs illadttdsnDhrateorcllapprati Cirlpr@iolng b ivaRiSSTR: g@nushl pl at e
60 with a top opening 62 therethrough. The top openin% 62 I's shaped and
i z6d to tlelsdi0as depabetabeyd is 220\ded: Fiep gl If e ganubine blade 20 has becn

in service, it is cleaned as part of the providing step 40. The cleaning normally

involves the removal of surface dirt, soot, oxides, and corrosion products from at least
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 biast 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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‘bl ade 20 therethrough, with the airfoil 22 extending thro e
opening 62 and into the interior of the airfoil encl osurgggé%r&l%ée&ltoop seal

pl ate 60 preferably contacts and rests upon the top surface 30 of the
platform28 with a close contact therebetween. The top opening 62 is
preferably shaped, sized, and dinensioned so that a top gap 64 between the
airfoil 22 and the top opening 62 is not greater than about 0.005 inch (130

nm, sot bqu;;rh' bl i LNgerd.ar. 0f the
airfoil %t(‘: osur reul%m%go@ ll,l tﬁg%hpmgﬂt%g{laéégucehfegl%wgk %éﬁuﬁr%l%rwéc}i ng gas
i nto the bladee20 that 3¢ beinp graxesdedi | Areredrnyslarod sidh) atriekel-bpsesaioly ipRehe® 60 i s
desirably de with the top opening 62 shaped to conformto a shape of the
portion o]f‘gfhe 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 th Wi NSRS 34N 1SRt d il ot NLay; ,‘f}j coating
68 prevg%}tfésa% he depl eti on o%%lﬁﬁnélﬁ??l?%n%ncgg??ﬁgs tewg}t gg’rge a rggdy
present dfigied bis ordfigekfrom Ripnee difof dadity2 2Veddek 86 midyebegiladedibetvasen tlesur e 52
during the bsequent heating associated wi th alumniding. The, dovetail
encl osur e"‘@i% BE&'H@PV‘F%’E Fﬁﬂ%%’r%s‘gé%ﬁhﬁi"fﬁ ité‘éh‘?léerl ¥ forgeqisihpesition s| ot

t hat recej il V&S r]&nﬁ : tail 28 therein. The dovetail guide
70 hol ds%%(ﬁgveg%%/et Al 26,@&@%‘(&%&0@&%‘ e"ﬂjé’lh‘% ‘re gas turbine blade 20, in
the proper orientation relative to the dovetail enclosure 54 and the
airfoil €elel asoi en83surd3@ Hawactop caalgflate 166 witlowadpicherdng b2 shorethfvhighs t o
prevent deposition, of aJumi numonto the dqvetail, 26 during 8 27 March 2007

t he subselfifeitP WsPHE GFnisDapad Mdntizdng weepe the psellad ekl 955 4wdings has a
bottom | : . Si ' t adj acent
portion g?%h%wméﬁéﬂrl@ﬁ%ﬁwgg%ﬁ Qgr@nggf){%ﬁglr?g [ s%%é%g%e e%ﬁg%g i %@d so that
a bot t omigpthd Sntbédérverahe bintoilsdnelvure 2. arte tbpeedlqilite H0gREBIablY coatde Not
greater than about 0.001 inch (25 nm, to .

and rests upon the top surface 30 of the platform 28 with a close contact therebetween.

The top opening 62 is preferably shaped, sized, and dimensioned so that a top gap 64

between the airfoil 22 and the top opening 62 is not greater than about 0.005 inch (130

um), 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 subseqﬁent 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
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.m nimze the penetration of the alumniding gas into the izath?:{r;'ﬂ?ﬁod:?f t he
dovetail enclosure 54 during the subsequent al um niding Step.

Additionally, a space 80 between the dovetail 26 and the wall 58 of the
dovetail enclosure 54 may optionally be filled with a maski ng powder 82
that is filled through a fill-hole 84 (which is thereafter plugged) in the
wall 58 of the dovetail enclosure 54. The masking powder 82 is preferably
an inert gRhShaRGESHPBr ARasd aHiFhiifting! k8926 pbiiRisBA k1898 12 d SorRnRced,
nuner al 44, inf@g t he Easgl?arslg encpglénfre %0, toM% orsm Igén al u}%ﬁgrﬁ I ng assenbly
88 as seeopdning-7q dhcesth®ugh shaped cndesizedt toi St avsmirtiieyadjddent pasiontofrthé ne bl ade
20 is fir%t | aaerted into the dovetail enclosure 54. To permt the

i nsertion® e gas turbine blade into the dovetail enclosure 54, the
dovetail enclosure 54 is preferably provided with a renovable end plate
90. The deNet@idm Shenttd B8 shiflel anll BB b both 36 78 b¥¥nlebn plate
90 renoved, andn%héen t%]e er?dél%l ﬁlﬂ@gg&’?&sfﬁ{aﬁs?%g% Q’he al r?%ﬁl%cl osure
52 i s i ns24lahédhe\bettomhepening @6 lis 23t gfdaterathamviabowti 01 dsche(@H unhS8tdas t he
airfoil 22 and the dovetail 26 of the gas turbine blade 20 within _the
maski ng eRENBEs: thespenetrption, of, the, plymnidings gaminjo die interjofpek thedevetail

al um ni de 6 r 0 . | | um taLn ource
that is n‘%{dq%hl%gﬁésﬂi ca e@%n@%‘%ﬁu\%\# tt M%lagj'gju%eﬁ' [ d‘gggﬂg?éési@grﬁ)'f’@ cgggOSAl um num
i s deposi betaeemnthanioeutnid 26chndahé wall B2ofothe idbectgihsndlosubs i mayl gpdiendl®y t hat is
not within the masking enclosure 50. In the illustrated enbodinent, the

exposed pos filledh vath a gaaskmgspawder S8t thahissiilled gwough %)}‘ﬁllrhfée Waﬁwféﬁhﬁ@ﬁ and
h dj ' f ) . ,
Govet ai | SECARATILARR i 0t BEICIAtNE doREANBRTo1 ISP, hi BLTLiER Rl "

al um ni di §Wisipsefaralyoringt adstuéesuch at Bltindnd., and any form of vapor phase
alum niding may be used. In its preferred form baskets of

chrom um al um num al | o 9 27 March 2007 . pellets are positioned within
about 1 iﬂms(smbmﬁbl%% 0rie plased, numprahd4,5piwdhe mgsldes pre 50, to form

an aluminiding assembly 88 as seen in Figures 3-4. To achieve this assembly, 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
mstalled. The airfoil enclosure 52 is installed dver 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 chr_omil.un-aluminum alloy
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.phase alumnided, in a retort. The retort containing the b %? god the
turbine blade 20 (typically nmany turbine bl ades are processe ogether) is
heated in an argon atnosphere at a heating rate of about 50F (30C) per
mnute to a tenperature of about 1975F 25F (1080 14C), held at that
tenperature for about 3 hours +/- 15 mnutes, during which tine alum num -
i s deposited, and then slow cooled to about 250F (120C) and thence to room
t enper at Uﬁﬁletsﬂi'@?@slﬁd:ﬂ&%ﬁﬁﬂ abSUTNEheH P59SmyBYthE %as H@BinE B1ale 1ibd Sipot e

thi ckness of the deposited al um numcontaining ["ayer. The pr esent i nvention
has been pl@é@n@bmweqbrra@tmtoet wWhehretpas cantaibing éheobasbiets andh dle tartene bladeit 1. 8

h t h d d.ab The t t
bet ween A BRISBLEd: FRe Qécﬁ%p%rﬁéﬁraaess%ﬁfss r)&s%%mfaa;%%uln"ﬂ. ded
and the ﬁemglslﬁ,uré at?aqwtaﬂagra\e@muaht S@‘FQ?@@) Bk oAS PR A?ﬁrﬁ M{? uft/ 8 inch

(3 M, provi ding a precisely controlled IVI Ing |1ne:
parti cul a197énlf)dx:l2ﬁg§n(1080 + H4°C)n ekt atothahzbmnltmatmedﬁmcabbbeﬁ hmlrsj&l-alﬂ for
purposes of ill Hstratl on, .various m)dlél cations nhanc ments may be

made  wi tHYHESy PhIEDE e, Alpminggy 1s; depgsiteds apg, SO eFoOlfet FhoHt

Accordin oy AER ended
cl ai msI %SO;F?HN@r%jn 200‘%’5&?:35&‘?"%: ée?a mt%gécftt?gr Sgﬁg%{)?@m% %W[Ee:gfl ng a

gas tur bi vazieltaalésr thothpuknsisrnd thendepstiedalumiumpeomsining tayehe gas t ur bi ne

bl ade havi ng an airfoil, a shank with a dovetail, and a platform
t her ebet having a to;igl grfac and a bottom surface i}r ovi di ng a maski ng
encl osure Pt it r%@nu% a5 PP Yeay @sﬂ?@‘cﬁd‘%ﬂhéasdw s thab@ee with a

top openi t | RERL&lR 94 S [ as
turbine b ge t her eelgrg w%ﬁﬁrbﬁg hﬁﬁ?% g(%:aé |c%§g§g(fl %P{S)‘Eegh@%em{'%gm%pem ng
and t he tmpwesmcthe pkpdsed ponioac?i eighe Iges ttmhnne blade that was aluminided and the

dovetail 26 that was not to be aluminided was only about 1/8 inch (3 mm), providing a

precisely controlled dividing line. .

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

invention is not to be limited except as by the appended claims.
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.surface of the platform and a dovetail enclosure includip gfargrb ai l
guide that receives a lower end of the dovetail therein an tom seal
plate with a bottom openi ng therethrough and sized to fit around the
shank; thereafter placing the gas turbine blade into the masking encl osure
to forman alum niding assenbly; and thereafter vapor phase al um niding
the alum niding assenbly wwth the gas turbine blade having its airfoil and
its dovetgjamNgs:hi n t he nmaski ng encl osure, such that alum numis deposited
on an exposed portion of the gas turbine blade that is not within the
maski ng encl osure. 2. The nethod of claim1l, wherein the step of providing
t he gas tlr bi né nithetbforjseleictivly pm’cectmg@ysctﬂrblqﬂbiademcnglpnbmggh@stbpﬂ bi ne
bl ade mhlqh has previously been in service, and cleaning the gas turbine
bl ade. The method of claim1l or 2, wherein the step of providing the

masking encl qﬁwlalﬂgrtﬁé gﬁﬁ&ﬁlﬁ@bﬁa@&vﬂ{%mpﬁﬁ@ﬁ'éghaﬂc #hal devbanadgent ai ni ng

coating on an inside surface of the air enclosure. 1] 27 March 2007
4. The nglldttanothembgtweae hafing héopsuebedambp bétminmsyrfasker ei n t he step of
providing the naaklng e clos e includes the step of: sizing the top
openi ng so t hdoRUgs 1§ HSREPESLoi | and the top openi ng is not

greater than about vﬁe%ﬂ ) &]oétx.lrg’%aéa g 3 topSealBh E‘lﬁdwﬁfl Bo‘g&n]gjgst he

precedi ng cl ai ns, rein t e step provridi ng e nas ure
i ncl udes thérethsduph anfl:sizeddvireieing thbairfubofthalgap habine Wildde thd:remtwm dreni ng
br Of I_l ed tx%mf %Qtfegcrhg]gttgro%gh the top opéning and the top seal plate contacting the top
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.
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.Shape of the airfoil adjacent to the platform 6. The ”Eta9ﬂ%9&1ﬂﬂw one of
the preceding clainms, wherein the step of providing the masking encl osure
i ncludes the step of: sizing the bottom opening so that a bottom gap

bet ween the shank and the bottom opening is not greater than about 0.001
inch (25 gm. 7. The nethod of any one of the preceding clains, wherein the
step of providing the masking enclosure includes the step of: providing

the airfojl enphoOspihediofahy bife Mothe pRicedinh |c13‘iﬁ1§,hvﬁéi'ﬁnﬁﬂé’&&ﬁ‘hf{)ﬁﬁﬁiﬁggure- 8.

The nethod of any one of the preceding clainms,” wherein the step of
provi di ngthe titaeking shélpgpreimclulssithe stapaifudes t he step of : providing the

dovetail enclosure with a renovable end plate size o allow placing of
the dovetai | witié HSAR ORIYRS 5 thatd fopgRp 8’%‘”@9%‘%’@%‘%@35@8 e of the

precedi ng %Péel% RS 6D 01008 | @il acing includes a step of: filling
a space bgtwe n te]he dovet al | é%gﬁ?%ehggvet ail enclosure with a masking
powder. 10. The nethod of any one of the preceding clains, wherein the step

of vapor _phase alum niding includes the step of: 12 27 March 2007 vapor
phase al uhi ni dHifgnethed & awi?ﬁwgﬁgeaﬁeﬁﬂwfwmwl@r@m@%@n T9uidngs our ce
that is ngt nia?kiﬂ%XﬁélSﬁJre ﬁlglﬁtd@é%e‘é‘iehrb it he al um ni di ng assenbly. 11. A nethod
for selectively protecting a gas turbine blade, conprising the steps of:
provi di ng t he masidingr fhe rtep kaldelatehwvith theasord bpatiig profildie en confortwiace and
having an_airfoil, a._shank with a dovetail, and a pl atformtherebetween
havi ng a $hape ofdhe pislodl adingeny tp tharlaf it f ace, wherein the step of providing
the gas turbine bl ade

6. The method of any one of the preceding claims, 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).

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, wheréin the step of vapor

phase aluminiding includes the step of:
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-includes the step of cleaning the gas turbine blade; providing @-g@sking
encl osure conprising: an airfoil enclosure having a top seal f %e wth a
top opening therethrough and sized to receive the airfoil of the gas
turbine 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 nasking enclosure includes the step of

deposi ting an alpdfipRse AaRkdiinebe %ﬁﬁin&gngas@ﬁlbu;n%ﬁﬁa%hhaﬁﬁnﬁﬁnﬁ he
airfoil enclosure, and a dovetail enclosure including a dovetail guide that

recei ves wutaptbat is notdn physi¢ad coeestveiti the Bbimghidirgredsemtiipt t om seal plate with
a bottom opening therethrough and sized to fit around the shank;
thereafter placing the gas turbine bl ade i nto the masking enclosure to form

an al umpy di ng ASEE R Vselcbi& df; ifotdd an ttﬁlfblrgel Iﬁﬁdé"goingﬁk#lg‘?ﬁe Gesd ep of

filling a space between the dovetal vet ai sure Wwth a
maski ng pefider; and thereafter vapor phase al um ni di ng t he al um ni di ng

assenbly with the gas _turbi v its alrf and its dovetail
Wi thin the nasmpw&%n@aeo%%r@rebl g’%dﬁh‘at% %r}@&mﬁ‘ﬁw@ S%Ibé%lsf’%(é?eoﬁ’dan
exposed h [ a,dq% ski ng
encl osur gﬁ R’%{fo:ﬂ]l'ﬂ}hh gﬁgﬁ&o‘%’ﬂﬁ Pa@%e% CII\B %%fﬂh;[? ﬁ}ﬂeg?él%e\g&’ééﬁfﬁhﬁ@\e/a gﬁﬁg t he
nmaski ng esnefhos und a botok eedaceh evhsiteqrp tiaf stegs iof ipngviding th@{gas)pﬁbinﬁg)lsdm that a

top gap between the airfoill and the to opem ng is not greater than about
0. 005 mclﬁc\flfi@dhﬁftepﬁéczmn\&ﬂ@rga@%‘?me Bde;The nethod of claim 11 or 12,

brovi di ng  he B ncingl S Melcdt TRt e, TC 05 brof [ Ted to conformto a
an airfoil enclosure having a top seal plate with a top opening
therethrough and sized to receive the airfoil of the gas turbine 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; thereafter |
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
*includes the step of: |
sizing the top opening so that a top gap between the airfoil and the top opening
-1s not greater than about O._OOS inch (130 pm). |
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.shape of the airfoil adjacent to the platform 14. The et 94 o@py one of
clains 11 to 13, wherein the step of providing the nasklng encl osure

i ncludes the step of: sizing the bottom opening so that a bottom gap

bet ween the shank and the bottom opening is not greater than about 0.001
inch (25 pm. 15. The nmethod of any one of clains 11 to 14, wherein the
step of providing the nmasking enclosure includes the step of: providing
the airfoil enclosure that is not integral with the dovetail enclosure.

16. The met hod of any one of clains 11 to 15, wherein the step of providing
the maskihg ehbe @mﬂml phelaimdd ohé2,swhereinf the ptepy 0 proyiding theomasking

encl osure wi,th a re bl e e?d plate sized to allow placing of the

dovet ai | ﬁ??%mﬁ”Pﬂg ﬁ% &8%PPLencl osure. 17. The nethod of any one of claims

11 to 16, whergiopidide ! OB Sl m&owﬁhﬁé% %Jgsse n@@éﬁl@d't&‘%ﬂﬁ'} dhg step

of : vapor phase al um ni di ng the al um ni di ng froma solid al um num
sour ce t hstiape of thetirfail hycsittaltheplatfoms. wi t h t he al umi ni di ng assenbly. 14

14.  The method of any one of claims 11 to 13, 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 greaterr 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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