27. March 2007 METHOD FOR SELECTI VE SURFACE PROTECTI ON Of7 ArASdRBI NE
BLADE WHI CH HAS PREVI OQUSLY BEEN I N SERVI CE FIELD OF | NVENTION Thi s

i nvention relates to the gas turbine blades used in gas turbine engines -
and, nore particularly, to selectively protecting portions of the gas
turbine blades with a protective coating. BACKGROUND In an aircraft gas
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conponents include the turbine vanes and turbine bl ades of the gas turbine,
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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 corrosiYe 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
‘example by providing the component with internal cooling passages through which

“cooling air is flowed.




27 March 2007 In another approach used to protect the hobysggli 867
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 cont ai ni ng protective coating deposited upon the substrate
material to be protected. The exposed surface of the alum num containing
protectiye co oxi di zes to ce an al um num oxi de pr.otectjve | ayer
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The present approach provides a technique for selectively protecting a gas turbine

blade which has previously been in service, and is undergoing refurbishment and/or

repair. In one application, the protective coating on the airfoil is rejuvenated, while

the underside of the platform of the gas turbine blade is given a platinum aluminide

coating. The present approach is cost effective, and is usable even with relatively
- small gas turbine blades.

According to a first aspect, there is provided a method for protecting a gas turbine blade
which has previously been in service, comprising the steps of providing the gas turbine
blade which has previously been in service, the gas turbine blade having an airfoil, a
dovetail, and a platform therebetween having a top surface and a bottom surface; cleaning
the gas turbine blade; first depositing a precious-metal first layer on at least an airfoil
first-layer region of the airfoil to form an airfoil portion of the first layer, and at least a
platform first-layer region of the platform to form a platform portion of the first layer;
- second depositing a precious-metal second layer overlying at least part of the platform
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platformfirst-layer region of the platformto forma pIab%RFgapﬂﬁbion of
the first layer; second depositing a precious-netal second [ayer overlying
at | east part of the platform 2 27 March 2007 portion of the first |ayer
to forma platformportion of the second | ayer, but not overlying the
airfoil portion of the first layer; third depositing an al um num cont ai ni ng
| ayer overlyi least the ajrfoil portign of the first |ayer and the
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and re”“ﬁhﬁ%ugﬁwaﬁ March 2007 surface dirt, oxides, and corrosion products
fromthe platform™ Such cleaning may be acconplished by contacting the
turbine blade to a weak acid bath, and thereafter grit blasting the
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preferably first deposited to a thickness of from about 0.00008 to about
0. 000125 inches (2 to 3 m. The precious netal of the second |ayer nay
conprise, for exanple, platinum palladium or rhodium or alloys thereof,
but is preferably platinum The second deposition step is preferably
acconpl i shed by el ectrodeposition. The second deposition step usually

i ncl udes the second nasking of surfaces that are not to have the
precious-netal second | ayer deposited thereon. The precious netal second

| ayer is preferably deposited so that a total thickness of the
precious-netal first layer and the
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preci ous-netal second | ayer may be from about 0.00018 to ng@@&@@&
ffu

inches (4 to 8m. The gas turbine blade is heated to inter se the
al um num and the precious netal, preferably at least in part concurrently
with the third deposition step. An airfoil precious-netal alum nide
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The gas turbine blade is heated to interdiffuse the aluminum and the precious metal,
preferably at least in part concurrently with the third deposition step. An airfoil
precious-metal aluminide coating thickness on the airfoil at a conclusion of the step of
heating may be about 0.001 inch (25 pum) greater than an airfoil precious-metal
aluminide coating thickness at a conclusion of the step of cleaning. A platform
precious-metal aluminide coating thickness on the platform at a conclusion of the step

of heating may be about 0.0025 inch (60 pm) greater than a platform




surface; cleaning the gas turbine blade; depositing a pregi,%%-hnﬁ}oa}l first
| ayer on an airfoil first-layer region of the airfoil; dep03|(f| ng a

preci ous netal second |ayer on at |east part of the platform wherein the
preci ous-netal second layer is thicker than the precious-netal first

| ayer, depositing an alum num containing |ayer overlying at |east the
precious-netal first layer and the precious-netal second |ayer, and heating
the gas Pregiaysractal dumigide coatmedihickngs atiecanclisionues thadgtepnd qlrasiigous net al |
The convggﬁibgqgaﬁsugﬂ%%ﬂoge has been not to coat the bottom surface or
underside (i.e., the surface adjacent to the dovetail and renote fromthe
airfoil) of the pl atfor({n The = present, approach not only refurbishes and
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According to a third aspect, there is provided a method for protecting a gas turbine
blade which has previously been in service, comprising the steps of providing the gas
turbine blade which has previously been in service, the gas turbine blade having an
airfoil, a dovetail, and a platform therebetween having a top surface and a bottom
surface; cleaning the gas turbine blade; depositing a precious-metal first layer on an
airfoil first-layer region of the airfoil; depositing a precious metal second layer on at
 least part of the platform, wherein the precious-metal second layer is thicker than the
precious-metal first layer, depositing an aluminum-containing layer overlying at least
the precious-metal first layer and the precious-metal second layer, and heating the gas

turbine blade to interdiffuse the aluminum and the precious metal.

The conventional practice has been not to coat the bottom surface or underside (i.e.,
the surface adjacent to the dovetail and remote from the airfoil) of the platform. The
present approach not only refurbishes and rejuvenates the airfoil by adding a new
platinum aluminide protective coating, but also provides a first-time platinum
aluminide protective coating to the bottom surface of the platform (if there has not

previously been a platinum aluminide protective coating on the bottom surface) or




line 3-3 of Figure 1, but before the deposited |ayers are igure 4

is a schematic sectional view of the bottom side of the pghﬁﬁﬁgg%%ﬁ t he gas
turbi ne bl ade, taken on line 4-4 of Figure 1, but before the deposited

| ayers are heated; Figure 5 is a viewlike that of Figure 3, after heating
t he deposited |layers; and Figure 6 is a view like that of Figure 4, after

heating the deposited | ayers. DETAILED DESCRI PTI ON Flgure 1 deplcts a gas

tur bi ne Bigkras 2p ewisting plsisum abumiide proecsive coatingran e botthm syaice ofir bi ne

bl ade 20¢haga@fndi TGl AL pwe&ﬂew&ng QU6 tROLirf6R E@cuﬁ]hlzp n gas

i npi nges durln service operation, a downwardly extendi ng shank 24, and an
at t achneaad withiless plasinwmotham theqetinin alpeninide protaetivecatng pre thechotiony bi ne
bllade 205} of9RSp fa%ﬁhrlﬁleqb%ﬁe 085t %yp%un%%&? cﬂﬁ?rotcéﬁ tnacengi ne. A
platform 28 extends transversely out ocation between the

ai rfoil same tme; the dovetat apdaccy n@nmnemceﬁadwa requizgveend denating weh thn t he

ot her hapgpinklagsipl atform 28 has a top surface 30 adjacent to the airfoi
22, and a bottom surface 32 (sonetinmes terned an "underside" of the

pl at f or adj acent to t he shank_ 24 and the dovetail 26. An exampl e of such
a gas tQihsrdeatyresfwdastvantagescefsthegmesent inyentiomvgl bhsrappstang fxam Bie bl ade.
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superal l oy.. A “nickel -base alloy has nore nickel than any ‘ot her el enent,

and a ni %%vn%@eém% theercspmpinying drayyingse mhagsdlugrateybst way of sxamplengt hened
by gamBgRireipksstehdinyéntidne ket RIFIRe infdhifraERb Ch&F e er THiaked tPase
superall y mnhg{ ich the present i nvention may be used i s ReneR 142,
havi ng at & Mefton in wei ght percent of about 12.0 percent
cobalt, about 6.8 percent chrom um about 1.5 percent nolybdenum about
4.9 per CBRIEF DESCRIPTIOROOF T3B DIeAPERNGS heni um  about 6. 35 percent
tantal um about 6.15 percent alum num about 1.5 percent hafnium about
0.12 perﬁent ar bon, about 0.015 percenb goron bal ance ni ckel and m nor
el ement stIBUHuE IS HFESHFSHYYICHY 8 SRodRIOIrde ot 'so Iimited. 5 27 March 2007
The gas turblne bl ade 20, which has previously been in service, was

manuf actured as a new nmake gas turbi ne blade, and then used in
aircraft-engi ne service at |east once.
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During service, the gas turbine blade 20 is subjected to ¢oRgii{d AR Which
degrade its structure. Portions of the gas turbine blade are burned away,
eroded, oxidized, and/or corroded, so that its shape and di nensi ons
~change, and coatings are pitted or burned. Because the gas turbine bl ade
20 is an expensive article, it is preferred that relatively mnor damage
be repai r Eigure Atihebldckaliagramayfiai metht & dorgastdcting itheegdsitabineXladeThe pr esent
approach is provided to repair, refurbish, and rejuvenate the gas turbine
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airfoil It has been custorrary in the past that it not be provided with
a prot ectlve coat| ng. _Howeve as other properties of the gas. turbine

bl ade 20 kgyee 5 w@ewew&ﬁ«rdhefopfﬂﬁgw%aﬂew@anngtth@demgwélaw@ #hper at ur es

for increased engine efficiency, it has becone apparent that the bottom

surface ioale GRAACRAIKRTBANTFigirey, hRsiUhdafing thOdjdePRybREe bottom surface
32 to inhibit and desirably avord darrage from oxi'dati on and corrosion. The

pr esent approach Is primarily addressed to the circunstance where it
becones apE'gAQ]UEDt]DESCRM@qprot ective coating is required on the bott om

surface of t Iatfor it has been in service ure 2
1T et £ ackdgoty LADHES f.gaS BEbS AUl whicblos pRooRIE Rean BeREA TR ade 20
whi ch ha&uﬂﬁ@/ bmaelzo Beeanl ArfBAr Y1 Ggaiafdwhedl tHee Holobh hbﬁbbhibﬂﬁidno f the
protectlve coaté g}that .S pre ent ogthearfml <§121a ei‘g addltlon
of a protiBPfEes Ay service OPFI@ 18a? gPTRnErdly extgn guﬁﬁflﬁ I such
as descr Idtlﬁduﬂélﬁh\éﬁ thé Sorpi of a?iadetaﬂtBSwa thlPl iazttzd&h%hﬂlﬁ etuﬂﬁ@blabego h@ 2,
east sone t e sur es of .t ai rfoj of .t he rovi.de

t ur bi ne tﬁaa bige gt Eﬂsﬁt%& ‘# the a5 ttbing cenging. rfg %lﬁ@ ggaeﬁg%‘fﬁ num
alhum' nLdeer@drsdhg oﬁfwd:rﬁlg( atyaah;ckml | etiweeh ke airfoil I’Zl,eorbﬂietcﬁm mu‘:u‘ md?th%Z 0 3
t he ot her S i t ot e coat | an
t her ef or éh"i"p(a%fégéhig tﬁﬁrdén Hetﬁﬁlo)(%e}@ﬂg Ff[ gr@r oded
to sone agjaesrit.to Ghe airfoil 22, and a bottom surface 32 (sometlmes termed an “11nder31de”

of the platform) adjacent to the shank 24 and the dovetail 26. An example of such a

gas turbine blade 20 is a CF34-3B1 Stage 1 high pressure turbine blade.

The entire gas turbine blade 20 is preferably made of a nickel-base superalloy. A

nickel-base alloy has more nickel than any other element, and a nickel-base

superalloy is a nickel-base alloy that is strengthened by gamma-prime phase or a
‘related phase. An example of a nickel-base superalloy with which the present

invention may be used is Rene® 142, having a nominal composition in weight percent
“of about 12.0 percent cobalt, about 6.8 percent chromium, about 1.5 percent
~ molybdenum, about 4.9 percent tungsten, about 2.8 percent rhenium, about 6.35
- percent tantalum, about 6.15 percent aluminum, about 1.5 percent hafnium, about
-0.12 percent carbon, about 0.015 percent boron, balance nickel and minor elements,
 but the use of the invention is not so limited. |




27 March 2007 The gas turbine blade 20 is first cleaned, ,$}§£R4307The
cleaning normally involves the renoval of surface dirt, soot, oxldes, and
corrosion products fromthe coated surface of the airfoil 22 and fromthe
bare metal of the bottom surface 32 of the platform 28, although the
nature and extent of the dirt, soot, oxides and corrosion products may
vary accofhé gas tuebinbdlddelt, mbicholmstprevigadytheehiim servicagwa@ hanifactred as ase,
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i ncl udes nfQtrBqiiR€a coating on the bottom surface 32 to inhibit and desirably avoid damage
from oxidation and corrosion. The present approach is primarily addressed to the

circumstance where it becomes apparent that such a protective coating is required on
‘the bottom surface 32 of the platform 28 only afier it has been in service.

Figure 2 illustrates a preferred approach for protecting such a gas turbine blade 20

- which has previously been in service and requires both rejuvenation of the protective

. coating that is present on the airfoil 22 and also the addition of a protective coating to
the platform 28. The gas turbine blade 20, such as described above, is provided, step
40. In the case described here, at least some of the surfaces of the airfoil 22 of the as-
provided gas turbine blade 20 are coated with a protective coating such as a platinum

~ aluminide coating of the type known in the art. The bottom surface 32, on the other
hand, usually initiafty has no protective coating thereon, and therefore it presents bare
metal which has been oxidized and/or corroded to some extent.




relatively pure netal and also alloys of the netal.) Plati ' e
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. overall performance 1s degraded due to t cracking. Additionally,” the
expensi véhfp‘ﬁ(@élpéus nmetal is wasted. The method further includes a second
depositing, step 46, of a precious-netal second [|ayer 70 overlying at

| east parpthe Qhethi® cohtiiiled WiHPR¥sE Hﬁfbsﬁﬁlgf,’fsteghﬂ, bf b predidisemetad firrlayer 60
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Figures 3 and 4. In the usual case, the airfoil first-layer region 62 includes only

portions of the surface of the airfoil 22, such as the pressure side and the leading edge.

The precious-metal first layer 60 is usually not applied to the trailing edge of the

- airfoil. The precious-metal first-layer 60 is not applied to the surface of the dovetail

26. Figures-3 and 4 illustrate the layers that are respectively deposited upon the

* airfoil first-layer region 62 and upon the platform first-layer region 66. The same first

layers 60 are deposited upon these regions 62 and 66, but the subsequent layers are

different.

The precious metal that is deposited in the first deposition step 44 is any operable.
precious metal such as platinum, palladium, and/or rhodium (or their alloys with each
other or with other metals). (As used herein, the naming of a metal includes both the
relatively pure metal and also alloys of the metal.) Platinum is the preferred metal
deposited in the first deposition step 44. The platinum-containing layer is preferably
deposited by electrodeposition. For the preferred platinum deposition, the deposition
is accomplished by placing a platinum-~containing solution into a deposition tank and
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28, but not on the airfoil 22. The result is that the tot ' ss of
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The method further includes a second depositing, step 46, of a precious-metal second
layer 70 overlying at least part of the platform portion 68 of the first layer to form a
platform portion 72 of the second layer, but not overlying the airfoil portion 64 of the
first layer. That is, as shown in Figure 4 the platform portion 72 of the second layer
70 is applied overlying the platform portion 68 of the first layer 60 on the platform
28, but not on the airfoil 22. The result is that the total thickness of the precious metal
on the bottom side 32 of the platform 28 is greater than the total thickness of the
precious metal on the airfoil 22. The greater thickness on the platform 28 is required
because the platform 28 initially had no protective coating thereon, while the airfoit
22 had such a protective coating. The second depositing step 46 may be
accomplished as a separate step from the first depositing step 44, or it may be
accomplished by continuing the first depositing step on the bottom surface 32 of the
- platform 28 while discontinuing the deposition on the airfoil 22. Equivalently, the
deposition may be accomplished by performing the complete deposition on the airfoil
22 and separately performing the complete deposition on the bottom surface 32 of the -
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i nterdi f fijshdd¥Cof MAIRCI&R: protection afforded by the subsequently formed platinum

aluminide protective coating. If the total thickness t,+t, is greater than about
0.000125 inches (3 um), the excessive amount of the precious metal may create a
single-phase platinum coating which offers reduced protection.

A precious metal-aluminide protective coating is formed, step 48, by third depositing,
step 50, preferably by vapor deposition, an aluminum-containing layer 80 overlying at
Jeast the airfoil portion 64 of the first layer 60 and the platform portion 72 of the
second layer 70, and heating the gas turbine blade, step 52, to interdiffuse the
deposited aluminum and the deposited precious metal, which is preferably platinum.
- The steps 50 and 52 are preferably performed at least in part concurrently in the
preferred vapor phase aluminiding deposition procedure described subsequently.

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 pellets are positioned within about 1 inch (25 um) of the gas turbine

blade to be vapor-phase aiuminided, in a retort. The retort containing the baskets and

" the turbine blade 20 (typically many turbine blades are processed together) is heated
9




70, and 80, either during the repair operation, during Su9§§€afq{‘l ¢¥ervice,

or both. After the heating step 52, the airfoil precious-neta um ni de

protective coating 90 is preferably about 0.001 inch (25 m greater than

an airfoil precious-netal alumnide coating thickness at a concl usion of

the step of cleaning (that is, prior to the steps 44, 46, and 48), and is
preferabl jn &n @b@ttho@alﬁfwit hohalnmgt rdle @F1gboun GHER (3(1"83)t per3fhimjte tora

| ayer 62 frEéS ediralegt LIS 46 D TAORRES (BlngT sRle b RiRoBlRGE |,
plr eci ous- amﬁgB halrslnh/mlﬂanmeds; dgnngmﬂhulesmn@ahmmmnalsubpomt&ﬂ atntldh@t eE) of
cl eani ng, ,and i %) t 0 40
Fo 80 gn SIPH Sonfecih 8a8 33N ({AFE) AR Hionte Rhapt Cppdfilre TR iRy 35

pr eci ous- teatpeatades mayube vared trgakiér thiecthivbmedsusf the ad)innrmmecsmtemmg layeeani ng,
and the bgttom surface 32 is bare netal, the total thickness of the

preci ous-netal al um num protective coati ng on the bottom surface 32 of the

platform 28 is about 0.0025 inch (60 m). The thickness of the pI atform
i nt erdi fstcmlse me@asduénmabhﬂdeéaOumdut@IdemmeddayewMO,a%rambS%x)e teft eat er

than or ect | vet c%} sﬁ‘fon g(geﬂif:ﬂfa% | &6 U?@datﬁi ) qwe geQHSfoﬁﬁtﬁ{

al um ni de pr resen roac en reduced to

practi ce intardigfuséd aﬁﬁp’r phi@humlf alluhguﬁ@spmtecaﬁﬁl czaatu@g }Qﬂdéﬂfé' ethp raitfed thirsle
t |
coaLl 19 18R Ul e BBHIIBLENAUA stk pRAG R Vel Y
2007 i npvey éhe pl@tm@nrfu“sﬁ lasicr regian 6 dhese mﬁ@dzfﬁm@@@twn@play%mt W& tines,
as Conpargaguagg s eéuaegﬁ I ke mﬁ% exﬁwé £:560, T ealESE hiddesliongaai 1
een H trat t sno

procedur e enon 0 W Nno r uctlon I n the nechani cal
hi gh cyc|recqmzagl¢ea3c@pfamt|laxeysa@ﬂld arpdntsrdiffaseds withpash sthefi (rhergmayhe or to

repair. ﬁh i Qﬁ}rﬁ ad ftfohﬁH'xe%E1n§r5§0Qﬂ a{'ﬁ-&? pethtubd 6 dH&M?I@ZS"F dJWFtIQGSWC

descri be e tal | pur pose S nD | f 6|ons

i ust rat | on u
and enhare bréntasd fesa gmermfrbout 3 todd neaptes to fyth (‘:‘(’I%J%ep'iml ?Yf'éﬁ scope

of the imyge Qs kAR shiss ts&vi, bt Bbthed except
as by the a%%e%éaélﬁgfal msg”lﬂ%){epz rr%%m? QaAe&ﬁ’én

Afler the heating step 52, the airfoil precious-metal aluminide protective coating 90 is
preferably about 0.001 inch (25 pm) greater than an airfoil precious-metal aluminide
coating thickness at a conclusion of the step of cleaning (that is, prior to the steps 44,
| 46, and 48), and is preferably from about 0.0007 to about 0.0013 inches (18 to 33 pm)
in thickness. The platform interdiffused precious-metal aluminide proteetive layer 92
is preferably about 0.0025 inch (60 pm) greater than a platform precious-metal
aluminide coating thickness at a conclusion of the step of cleaning, and is preferably
from about 0.0017 to about 0.0033 inches (40 to 80 pm) in thickness. In the usual
 case where there is no platform precious-metal aluminum coating at the conclusion of
the step of cleaning, and the bottom surface 32 is bare metal, the total thickness of the
precious-metal aluminum protective coating on the bottom surface 32 of the platform
28 is about 0.0025 inch (60 pm). The thickness of the platform interdiffused
precious-metal aluminide protective layer 92 may be greater than or lesser than that of

the interdiffused airfoil precious-metal aluminide protective coating 90.

The present approach has been reduced to practice using the approach of Figures 1
and 2 to produce protective coatings 90 and 92 such as described herein and
illustrated respectively in Figures 5-6. The addition of the underplatform coating may
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1. A nethod for protecting a gas turbine bl ade which has i been in
service, conprising the steps of providing the gas turbingﬁg%gﬁgi&%ich has
previ ously been in service, the gas turbine blade having an airfoil, a
dovetail, and a platformtherebetween having a top surface and a bottom
surface; cleaning the gas turbine blade; first depositing a precious-netal
~first | aymaprove the ¢aasiomresistancoiof the surfadechyyeup tetfirontiofess srecampdred 1o t o

forman g i ri t of [ r st y . : | @ff

first-I a%l%l{ gggwgﬁ%ﬁl%eg%eagﬁ iof%dr%' t o@%r%sg?%tr%#m%%?ﬁg nﬁ%f _%1% %ﬁHe first
| ayer; sedamehstteteddptshoy no reductioui: the tedchaaicaligh syele fatigrd gapabilist of east
part of t f Eﬁﬂ%r 1 : I.L.st layer to forma platformportion
of the sé@gﬁgﬂkg§g§, u%‘»ﬁgp“%@E%F§F%B he airfoil portion of the first

| ayer; third depositing an al um num contai ning |ayer overlying at_|east the

airfoil Aphougbra particularrembadimentee! thednvension| kast baem deseribeshinodetpih o econd

| ayer; a i ¥ gl ; : b Eﬁgd o ' and

t he preci‘ou %é?gF?ﬂ%@ﬂ%ﬁbWﬁggﬁg?ﬂ%?ﬁ%?g#ﬁ]?ﬂf? eré%ﬁéﬁﬁehg?agyg?ﬂ&ﬁ1

provi di ngwitheut (deperting feome shefspirgr and grere OF dheagvention; néwpag%glﬁa@i%g no
protecti ( N { , ‘ w@tform 3. The nethod of
clain11,gﬁw%?ﬁﬁﬁgggﬂ%l%ﬂgnggggﬂg?tcIégﬁﬁggﬁéﬁ%PSﬁggﬁthe steps of renoving
surface dirt, oxides, and corrosion products fromthe airfoil, and

removi ng surface dirt, oxides, and corrosion products fromthe platform 4.
The nethod of any one of the preceding clains, wherein the step of cleaning
~includes the step of contacting the gas turbine blade to a weak aci d bat h,
and thereafter grit blasting the gas turbine blade. 5. The nethod of any
one of the preceding clains, wherein the step of first depositing includes
the step of first-depositing the precious-netal first |[ayer by

el ectrodeposition. 12
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------ - ---- 27 March 2007 6. The nmethod of any one of ' | ai s,
wherein the step of first depositing includes the step o?ﬁﬁﬁgs ﬂ%ggking
surfaces that are not to have the precious- netal first |ayer deposited
thereon. 7. The nmethod of any one of the preceding clainms, wherein the step
of first depositing includes the step of first depositing platinumas the
preci ous- GEIAAMSs rst | ayer. 8. The nethod of any one of the preceding
clainms, wherein the step of first depositing includes the step of first

d iti th ' - |, f I t o t
050008 15 abitGibHos PPRuL athes, B tladk, WHBEKAE B Rucly BRAREC
pr ecedi ngsecviee,romprtsangeihe stepe oft ep of second depositing includes the step
f d-d EP: - - L el ect i tion.
20. “The. et hod? oy Iddfl U GARL BIoAE WAl BRE PRLGR) bk B BRIEE 1RERR, L1 O

second dwupne bladg haniriguatesirfolle astovptailf wcgem&mﬁwrmwmw&g gfen are

not to hagﬁgf r : | second | ayer deposited thereon. 11. The
met hod of ar?%pgar?gagl?d S‘%?éecgédi ng clains, wherein the step of second

deposi ti ng i nctleandng thegas turbinstbladsecond depositing pl atinum as the
pr eci ous- net al : : A2 t f any one of the preceding
BFAGRAR Giectalha U800 4

clains, wherein't sec ting includes the step of ;second
deposi ting the preditdeastms airfoik fisvidayeyisgionoof b airfeibie ) form; ank atadl of

t he preci o BE Rk fki1gter 8yfr and the precious-netal second layer is from
about O.I%B%fgg‘{o ggout?&%ﬁ%z inches (4 to 8 pm. 13. The nethod of any

one of the precedi iy leasha platfopmelisst-layentegionpf tie plptfonn to dyasa PlattPritne udes

the st epdjbi’tiérh&ftﬂe‘fﬁ&q%éri ng the alum numcontaining |ayer by vapor phase
deposition. 14. The net'hod of any one of the preceding cl ?i ns, wherein the
step of third Seerndodepositige precious-sactpl sspond laven gverhang &t {gsteat 8f heeast in
part ConGytdiii pottion of the first layer to form a platform portion of the second layer, but
“not overlying the airfoil portion of the first layer;
third depositing an aluminum-containing layer overlying at least the airfoil
portion of the first layer and the platform portion of the second layer; and

heating the gas turbine blade to interdiffuse the aluminum and the precious

metal.

2. The method of claim 1, wherein the step of providing includes the step of
providing the gas turbine blade having no protective coating on the bottom
surface of the platform. '

3. The method of claim 1 or 2, wherein the step of cleaning includes the steps of
removing surface dirt, oxides, and corrosion products from the airfoil, and
removing surface dirt, oxides, and corrosion products from the platform.

4. The method of any one of the preceding claims, wherein the step of cleaning
includes the step of contacting the gas turbine blade to a weak acid bath, and
 thereafter grit blasting the gas turbine blade.

5. The method of any one of the preceding claims, wherein the step of first
depositing includes the step of first-depositing the precious-metal first layer by
electrodeposition.
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13 27 March 2007 15. The nmethod of any one of the precedzﬁmagé@d‘()s,,
wherein an airfoil precious- netal alum nide coating thickness on the

airfoil at a conclusion of the step of heating is about 0.001 inch (25 m
greater than an airfoil precious-nmetal alumnide coating thickness at a
conclusion of the step of cleaning. 16. The nethod of any one of the
DL?CEdi ngécl ai Ehe T&hm:cbdi of anpl ahd folnpmcedihg?daimmtwhemiﬁmhmhim a:xﬁaﬁtsngb

t hi ckness ,on t.he .pl at.f orm at oncl ysi on the, ste ting.is about
0. 0035+ nfpRetE e BetE st ot fES skt nfasr b ot e TRu Pt RS-

coati ng t hietdt fiestdaydr depositedithieean of the step of cleaning. 17. A nethod for
protecting a gas turbine. bl ade which has previously been in service,

conprising the ; oyl di t ' e '

o evi ousl § booht Tranf of R HIE sEIné dieciie’ YRhE luRAC NS itk
dovet ai | , depoditargpingluides thet step aifefirat depdsitiignplatintmpas ther precieusmetal st t om
surface, 1@9 ein the platformhas no protective coating on the bottom
surface o e platform cleaning the gas turbine blade; first depositing a
platinumfirst layer on at least an airfoil first-layer region of the
airfoil t& forhhamethod of lanypenet pbitheo prachdingi ¢laims, aylsreinathg gep 108t a

pl at f or m &4 .84+ | f - ‘m-a t tj on of
Phe. 1 r st qPoytink UERESME P of At Ugbrfngl e preihyaiad At Tyel20 4 21

| east parthicknoasind from abow Q981 6howi0.00H 2iinehes (@fed M. f or m a pl at f or m

portion of the second |ayer, but not overlying the airfoil portion of the
first layer; FEidehdd Br%}"gﬁ‘@aﬁk%ﬁ i RIahSCWherif QRé I BY seford

deposi ting by vapor deposit m containing | ayer "overlying at
| east t hedeppsitipg inchedfosithmstep of he first |ayer and the platform portion of

the second | ayggind-adpdsRingithé ﬁf&%ldetﬁ%hbﬁwlflggﬁbrﬁéﬁcﬁﬁdéﬁb%oﬁl ade to

interdiffuse the al um numand” the platinum e nethod of claim 17,
wherein e SUAR Qitod’of any s oF Hieoprogding Slaims. wheretn the step of second
depositing includes the step of: .
second masking surfaces that are not to have the precious-metal second layer

-deposited thereon.

11.  The method of any one of the preceding claims, wherein the step of second
depositing includes the step of:
second depositing platinum as the precious-metal second layer.

12.  The method of any one of the preceding claims, wherein the step of second
depositing includes the step of: )

second depositing the precious-metal second layer so that a total thickness of
the precious-metal first layer and the precious-metal second layer is from about
0.00018 to about 0.00032 inches (4 to & pm).

13.  The method of any one of the preceding claims, wherein the step of third
depositing includes the step of third depositing the aluminum-containing layer by

vapor phase deposition.

'14.  The method of any one of the preceding claims, wherein the step of third
depositing and the step of heating are performed at least in part concurrently.
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of first depositing the platinumfirst layer to a thicknessypf.f s@m about
0. 00008 to about 0.000125 inches (2 to 3 m. 14 27 March 2007 19. The
nmet hod of claim 17 or 18, wherein the step of second depositing includes
the step of second depositing the plati numsecond | ayer so that a total
t hi ckness of the platinumfirst |layer and the plati numsecond | ayer is

from about50. 0PRd getitodbPHhy ofle @W&Zpi}e@é&iﬁ? At Owherdin ag Qirfdih reviiugod of
I,

any one of clajnms 17 to.19,. wherein an airfoil platinu al um ni.de..coat i ng
Y clenos oSt Bignigidercoping dhigkssn on Jar BRIadk ot ponsRisioToRt HESEP I RS out

0. 001 i nciy £bé@t OO0 GHERALZS ;uh?l @featdt (Ban hAIdirfil prdcioi-Bbtdhhlindside a@biing

t hi ckness %é’l a conclglsi.oné}(} t he s%g@ of cleaning. 21. The nethod of any

one of cl Wickuessatasonglusipn gl the step of clepRing, b1 ati num  al umi ni de coat i ng

t hi ckness on the platformat a conclusion of the step of heating is about
0. 0025 i nth ( 60hemettgdestay ddeasrl the pradetivipnelgings, iwhersialaylatiorde precamsng

t hi ckness_at ,a,concl usi on of,.t,he step,of .cleaning. 22. A r

brot ect 1 ngel! GUERRH Fodihe ibRaT of 2 PIBIERT o0 otlufol B B s or
conpri si ngeating st ebmuto0.00P5 oiricHi (@ tune gasatérutizinne plafbemwpreciousanetal
previousl y been in service the S.....urbi.ne bl Ing an airfoil, a
ovet ot 1 Autiade g bickBsns L8 sPiQusibiar MG SEeAt 2ce and o bot tom
surface; cleaning the gas turbine blade; depositing a precious-netal first
| ayer on Bh aiAfmoethod ifos protagting regpsomrbine tiele whichohds; preeipogivt berg

_preci ous-g&e‘}i@% y=letetat Itﬁé’?fep?@fat | east part of the platform wherein the
preci ous-netal’ sécon g ayer 1S thicker than the precious-netal first |ayer;

deposi ti ng an pabvidingutire gas tarbirienijada ydiclobas previoysiyt bdeada tsexvies, the gas
preci ous-18i: ' . [ef: d esi | -
“heating the gagla{iﬁglgllﬁé%é% e ’t%tdpﬁ?tg{rl’déﬂfcﬁﬁgzea@@@ tg %%%r%hgﬁgfr{ghag&%r eci ous

surface and a bottom surface, wherein the platform has no protective coating on the
bottom surface of the platform;

o
'

cleaning the gas turbine blade;
first depositing a platinum first layer on
at least an airfoil first-layer region of the airfoil to form an airfoil
portion of the first layer, and
at least a platform first-layer region of the platform to form a platform
portion of the first layer; |
second depositing a platinum second layer overlying at least part of the
platform portion of the first layer to form a platform portion of the second layer, but
not overlying the airfoil portion of the first layer;
forming a platinum aluminide protective coating by
third depositing by vapor deposition an aluminum-containing layer overlying
-~ at least the airfoil portion of the first layer and the platform portion of the second
layer, and simultaneously _ |
heating the gas turbine blade to interdiffuse the aluminum and the platinum.

18.  The method of claim 17, wherein the step of first depositing includes the step
of:
first depositing the platinum first layer to a thickness of from about 0.00008 to
- about 0.000125 inches (2 to 3 pm). '
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metal . 15 27 March 2007 METHOD FOR SELECTI VE SURFACE PROMEGEL.GMNygdz A GAS
TURBI NE BLADE WHI CH HAS PREVI OQUSLY BEEN I N SERVI CE ABSTRA A gas turbine
bl ade (20) which has previously been in service is protected by cleaning
the gas turbine blade (20), and then first depositing a platinumfirst

| ayer on the airfoil (22) and the pl atform(28) of the gas turbi ne bl ade
tform

20). Th ft ' t t h
(28) but hox o hee it b Q8 17 RE IR, pmARe the e B Sreonf dBESHRE meBieRh g 1
fornmed bythdepgpsofti ng an al um num containing layer (80) overlying both the

prattorm (28) 208 WepBlifihd'the phfthufSbcoRl Tl 'so"Bal'd bIF mibkAlst Bmhend the

al um num Fig. 5%
platinum first layer and the platinum second Iayer is from about 0.00018 to about

0.00032 inches (4 to 8 yum).

20. The method of any one of claims 17 to 19, wherein an airfoil platinum
aluminide coating thickness on the airfoil at a conclusion of the step of heating is
about 0.001 inch (20 pm )greater than an airfoil platinum aluminide coating thickness
at a conclusion of the step of cleaning.

21.  The method of any one of claims 17 to 20, wherein a platform platinum
- aluminide coating thickness on the platform at a conclusion of the step of heating is

about 0.0025 inch (60 um) greater than a platform platinum aluminide coating

thickness at a conclusion of the step of cleaning. |

22. A method for protecting a gas turbine blade which has previously been in
service, comprising the steps of:

providing the gas turbine blade which has previously been in service, the gas
turbine blade having an airfoil, a dovetail, and a platform therebetween having a top
surface and a bottom surface;

cleaning the gas turbine blade; .

depositing a precious-metal first layer on an airfoil first-layer region of the

| airfoil; | '

depositing a precious-metal second layer on at least part of the platform,
wherein the precious-metal second layer is thicker than the precious-metal first layer;

depositing an aluminum-containing layer overlying at least the precious-metal
first layer and the precious-metal second layer; and

| heating the gas turbine blade to interdiffuse the aluminum and the precious

metal.
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