METHOD FOR SELECTI VE SURFACE PROTECTI ON OF A GAS TURBI NE BLADE VWHI CH HAS
PREVI OQUSLY BEEN I N SERVI CE FI ELD OF | 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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driving it and the aircraft forward.

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
femperatures. 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
example by providing the component with internal cooling passages through which
cooling air is flowed.



surfaces of the turbine blades is coated with a protective coating. One
type of protective coating includes an al um num containing protective
coating deposited wupon the substrate naterial to be protected. The exposed
surface of the alum num containing protective coating oxidizes to produce
an al um num oxi de protective layer that protects the underlying surface.
Different portions of the gas turbine blade require different types and
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SUMMARY

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.

A method for protecting a gas turbine blade which has previously been in service
includes the step of providing the gas turbine blade which has previously been in
service. The gas turbine blade has an airfoil, a dovetail, and a platform therebetween
having a top surface and a bottom surface. In a usual case, the gas turbine blade has
no protective coating on the bottom surface of the platform.

The gas turbine blade is first cleaned. The step of cleaning may include the steps of

removing surface dirt, oxides, and corrosion products from the airfoil, and removing



surface dirt, oxides, and corrosion products fromthe platform Such

cl eaning may be acconplished by contacting the turbine blade to a weak
acid bath, and thereafter grit blasting the turbine blade. In the
cleaning, it is preferred that the existing coatings on the airfoil not be
renoved. A precious-netal first layer is first deposited on at |east an
airfoil first-layer region of the airfoil to forman airfoil portion of
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platform a ) .
surfaces that are not to have the precious-metal second layer deposited thereon. The

precious metal second layer is preferably deposited 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 8 um).

An aluminum-containing layer is third deposited, preferably by vapor phase
deposition, overlying at least the airfoil portion of the first layer and the platform
portion of the second layer. 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 aluminida coating thickness on the
airfoil at a conclusion of the step of heating is about 0.001 inch (25 um) 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 is about 0.0025 inch (60 pm) greater than a platform



conclusion of the step of heating is about 0.0025 inch (60 gn) greater than
a platform 3 precious-netal alum nide coating thickness at a concl usi on of
the step of cleaning (which is usually zero). Stated alternatively, a
met hod for protecting a gas turbine blade which has previously been in
service conprises the steps of providing the gas turbine bl ade which has
previously been in service, the gas turbine blade having an airfoil, a
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previously been a platinum aluminide protective coating on the bottom surface) or

thickens an existing platinum aluminide protective coating on the bottom surface of
the platform. The platinum aluminide protective coating added to the airfoil is thinner
and with Iess platinum than the platinum aluminide protective coating on the bottom
surface of the platform, due to the two-step platinum-deposition procedure. At the
same time, the dovetail surfaces remain uncoated, a requirement for mating with the
turbine disk.

Other features and advantages of the present invention will be apparent from the
following more detailed description of the preferred embodiment, taken in
conjunction with the accompanying drawings, which illustrate, by way of example,
the principles of the invention. The scope of the invention is not, however, limited to
this preferred embodiment.

BRIEF DESCRIPTION
Figure 1 is perspective view of a gas turbine blade;



BRI EF DESCRI PTION Figure 1 is perspective view of a gas turbine blade; 4
Figure 2 is a block diagramof a nethod for protecting the gas turbine

bl ade; Figure 3 is a schematic sectional view of the airfoil of the gas
turbine blade, taken on Iline 3-3 of Figure 1, but before the deposited

| ayers are heated; Figure 4 is a schematic sectional view of the bottom
side of the platformof the gas turbine blade, taken on line 4-4 of Figure
1, but befFguee Rhea bphsliagrdml af\eemsthad dor pre&ictidg the gasrtertBne blade;vi ew | i ke
that of Figure 3, after heating the deposited layers; and Figure 6 is a
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preferably made of a nickel-base superalloy. A nickel-base alloy has nore
ni ckel than any other elenent, and a nickel -base superalloy is a
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transversely outwardly at a location between the airfoil 22, on the one hand, and the

shank 24 and dovetail 26, on the other hand. 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 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.



but the use of the invention is not so limted. 5 The gas turbine bl ade 20,
whi ch has previously been in service, was nmanufactured as a new nmake gas
turbi ne blade, and then used in aircraft-engine service at |east once.
During service, the gas turbine blade 20 is subjected to conditions 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
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may require 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 after 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 initially has no protective coating thereon, and therefore it presents bare
metal which has been oxidized and/or corroded to some extent.



al um nide coating of the type known in the art. The bottom surface 32, on
the other hand, usually initially has no protective coating thereon, and
therefore it presents bare netal which has been oxidized and/or corroded
to sonme extent. 6 The gas turbine blade 20 is first cleaned, step 42. The
cleaning nornmally involves the renoval of surface dirt, soot, oxides, and
corrosion products fromthe coated surface of the airfoil 22 and fromthe
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plasting 8f velleas Rk Qb ohAGR, &2 iR gdd@rbhaIRIMEE Ay Salit YIdARRY o

During the cleaning, it is preferred not fQo renove any” pre-exlsting
protect | ver%sglﬂrreﬁ@abf PoHsadn Ong pifertive appraagh is i angaat tippturbing plade 29 to a

sorrf_t . ”ESTME@citdhrbé@ﬁ,hﬁfc{l_ra@ nﬁarﬁn@ﬂhﬁ%&eﬁgoﬁdﬁﬂﬁt@@aﬁ& ibtsgﬁﬂ @g&ﬁﬁ% turbfife

. coating. . continues w irs epositing, step. of a

preci ous- Q%fi‘gg %F g?égijaé@ngb?nus&fj Qe talriﬂﬁggr’f’vgilp the gt blagijag of B on 62
of the ai bbith siefabe 3RosMbeplaiferin®RB B QishihloN hedviedf Dubiggfthe Tleahdels jsand on
at least a platformfirst-Iayer Eﬁiglpn 66, of. the botfom urfaice é of the
pl atform E%I%?%e BPmoT oY B RISt BIBteGHVE eatng Tpm Hgeuriages bl i n

Fi gures 3aifudl 22, alprotdse susetiines as&l in! dikertrepi®icbntek s Sihd kayen dsegirppify

i ncl udes g}nlo%l) .portions of the surface of the airfoil 22, such as the
pressure S°d@2HR& the | eading edge. The precious-netal first |ayer 60 is

usually not applied to the trailing edge of the airfoil. The
pr eci ous- frbet atethiod sontinage witfiist depaisitappkicpdidt of b hpeecdoustmeml Gitsttlmerddvet ai |

20 B 83 Bl AL AU, A @15 0 A0 955, STPEF ] Yo EROPL o0

regi on 660f thedirstilaper, iand on 4t dgast 8 pBOfoamefitiejryst tegionie® of thecswtone gidaz 62

and 66, Dbygh e HATEMSR 1ol AV § [REfornt pbHESCBE of the first layer, as seen in
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 alioys 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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The precious netal that is deposited in the first deposition step 44 is any
operabl e precious netal such as platinum palladium and/or rhodium (or
their alloys with each other or with other netals). (As used herein, the
nam ng of a netal includes both the relatively pure netal and al so all oys
of the metal.) Platinumis the preferred netal deposited in the first
deposition step 44. The platinumcontaining |ayer is preferably deposited
by el ect r depgsdidng pletinumoromibe golotien osth thieasurfacerofl $posibsirate, Amepeplesi tion
I s acconpl,i - ' | &t C AN i;on J position
tank and ?laz%ggls%t%ﬁg g@f%&?nsﬁdgr%ﬂtnﬁe goi ﬁ?‘l on 462{ag&lghg clé) tEJur: attgdéggf&tshe
subst r at e 2b@ 48 Rawne pepliter joh Phatinym, Aindi the veliage/cwrend|souicgris ioperated at

Pt (NH3) 4HR6Yut havi ELBURL FOR & faciBOMticl KBRQE2 b SherQl

pl ati num Egﬁ%l ityﬁde}ml\n/!o ?%Igg?cur ent @guﬁgc@g oplgr at ec? at rlﬁlaegﬁrra?{{o?}?ielgl

anper es péirstdera6d i derosged iméidiapuas oy tleanperatieccel 199200 d87-HFSCheRrior

first |ayes 489 e'l&t@ﬁ&%&'iﬁcﬁﬁ of Biter 4eBBiifidn bchBigIRIMEE %ﬁﬂfé@esothatl%%gﬁ%

(87-93C). ,Prior ,to this electrodeposiition qQr other depasition technique,
the surfab@¥e piatinug depegitedotherpopeans| Hrst OASKeE pi9s Prevant Hepesiiom a8 Pitthst

nmasked t OnfiskineRhplSRRSbE 4 AlbbepBod th  maski ng tape, wax, or a rubber boot.
The precious-netal (platinum first layer 60 is preferably deposited to a

thickness.ti of . fro ut 0.00008 to _about .0.Q00125.inches (2 to 3 pin).
1 hoss il petcious Al (g DDy e B btk ferily Raposited g0 panitkadsS trodh
about P 0608 absue GO0 tb?]abohh_eme()il% mchsy]?E_tcﬁBtpirﬂj. I1i t%iéklf{libﬁ@éésm; ]gf thctla -

i nconpl et e_cover age t here.i.s.al so insuffi protection .affarded by
{he ahbee SGMEyRTE ARt BPGH PO G eh bout, 051000k  BESsaE: 1R, e 06 % ne
surfaces efibstdigiahiikéliidoddd. intdmplate ¢crzieﬁdgle%1$1 tlhérei is agaroeiﬁtlﬁlficidﬁaprcab@wn

0. 000125 i 3 t he, fknal .platinum al.um ni rotective cogting is
oo tht ok et tog Plbsealiinl botRls Rty P binPettshfei g hstien & B0 1o
subst ant i abrfacepodveneinfoili 22. t Hehe thitlawsss onis gatdtear thaa aboutt E0GLRSf ianckss Gf t hg
airfoil 2 ly thick . I.n L.Di. Fot ect i an
overal | péﬁ3 %@%ﬁ%@}ﬁf&é&ﬁg@%}g@gg Hé@é&f} %{{Uteﬁéeoggbgégfor?g&&% W?ﬁgrc‘é?ﬁ}flg he
expensi venpraali apgsatingt ednditionsastde isThe swbsthnidal fionprénement dh uhke praiedtmnond
depositin 4 r §Cj - Rt n Ly ng. at
onot par AgReRRor Bhe Burtfbe SBSFAN! 24 b3 AR erty itk PV LKl ¥

pl at f or m periedtvie poatate, t sl swetid Heafpemandsutis ndagrasdedr idyenty tthe ahekfing
portion 64 @ftid fiy, tfhbreﬁgedsg%/é rrecigﬁﬁhleta?is @8stsfpown in Figure 4 the, platform

portion 72 of the”secon

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 airfoil
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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70 is applied overlying the platformportion 68 of the first |ayer 60 on
the platform 28, but not on the airfoil 22. The result is that the total
t hi ckness of the precious netal on the bottom side 32 of the platform 28
is greater than the total thickness of the precious netal on the airfoil
22. The greater thickness on the platform28 is required because the
platform28 initially had no protective coating thereon, while the airfoil
22 had suphetfermpr 28.ecltievend oesuitnig. allTkeses ais an chave po thickandayerepn 4lte battolne

acconpl i sgﬁqa&%zztﬁgﬁggrﬁ; ﬁr@ile&.f romthe first depositing step 44, or it

may be acconpl y continurng the first depositing step on the bottom
surface 32 of the platform 28 while discontinuing the deposition on the

ai rfoi | 2Zhepgeaious watal fhat ihdepagispdin theotecond, deposiianosipp teheanbppgrebieor mi ng
the conpl g}&iaﬁméﬂat s8h %@p})ﬁi‘ﬁuﬁi, rfaflalliung Zardns &%&ﬁﬁ@t&{ the efifds Mbhg;st he

conpl ete deposition on the bottom'surfacé 32 of the 8 p orm28. The end

resul t i nPeaferablysts same metpd\as deppsiteskisy thealjist deppsitinn isptidm Platinpacs 32

than on tgeréord 9hd phferrempBial depusitdiflthé NREod® phEt &t 6! herprecond
deposition, step 46 I%@ﬁﬁy oper.ahl e precjious netal such as_platinum
pal | adi unPlatigéimois prpisERRldenesited iy clastredeosiHion i ghe mapner dasesibsdhabaygne

{Tﬁt al afs ﬁﬁpﬂ&‘éd 'ﬁl?ﬂldbgoéiﬁl@q fs’degs44.dé?ﬁi2§'tb'tﬁﬂdéig&ﬁ)d%ﬁ?siﬁbﬁtoj[rFU!H?G&ep_ldﬁﬁﬁ;hef ore
e preferred, ne eposited in e, secon eppsition. step : e

pl ati num F@%@Fe&‘ﬁﬁ!’&ﬁ a4 e Mopio Bﬂwlﬁ%‘gﬁé@wmﬁﬁi therecReingiidiag the
descri bedarfsiV irst flgyertregiohi 65 hs GRIMOS tHeOsthst ffpidkE. suchi R&rthe Gukfatés of the

el ectrode OSI%% or thn@&ndﬁcgﬁsmlon (ﬁech.m ue, the surfaces .,that are not
to have pPRY§AAPAEHSEFEInRTFEr &3 RTeVERLIROSIHGT i he Qpppeydesqrined abpig e,
region 62 as well as the other regions such as the surfaces of the

dovet ai | Zhe paectosemetndl (platdkead) second dwpsrt70de posfetdbdy deposithé torarthiokness

descri bed, aboye reci -netal. ( tinu secondl ayer 70.i s
pr ef er abl ;52 g%%‘ogfaggge ﬁgt%g tﬁlﬁﬁ%?ﬁetéjgtz &Z%UEI}?C oﬁg'tmfg?%ﬁf%t%yert g? cﬁeg’g t1+t 2
of the preuoicous-methbsecbnd &tyet 720 en thdbatbain tshie 32o0fhe plefomnt 28 isfemnationtay er
70 on the | f@r m28;d . 0 about
0.00032 i 92?@229&%%&8&?3@21 wﬁﬁsgtﬁol 8 n%e)sglft‘ﬁi%&c@&?%%p?g?%op&%&o{%%t al
first | ayert@diranidyehi mdbedicqurecimes-nictad seomd lapgret0 Bdessshie gboutKPDMEBout
0.00018 i ( oR. It tL: ' r -8 1S a
subst ant i iéffk Tl??i%ﬁellﬁln [l’;r)oocr)ld%f B?%Q‘ﬁf %llacé:r: %n;3 ?;}ﬁgt@éﬁ’%ﬁ 2;8'1’ 1?[ ic}élgeg] %ssu tb %t}éﬁﬁﬁ
subsequentikgliiapdneinsuifidientrprotection miffoedest by gbe isubseguentishformed platinumt al
thi ckness ajylfihfe’ prodé@REeCEodi@" APAHE total thickness t;+, is greater than about
0.000125 inches (3 pm), 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
least 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 aluminided, in a retort. The retort containing the baskets and

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



0. 000125 inches (3 gnm, the excessive anount of the precious netal may
create a single-phase platinumcoating which offers reduced protection. A
preci ous netal -al um nide protective coating is fornmed, step 48, by third
depositing, step 50, preferably by vapor deposition, an

al um num contai ning | ayer 80 overlying at |east the airfoil portion 64 of
the first layer 60 and the platformportion 72 of the second |ayer 70, and
heating t e agagrgonraimesplsiracis, a heating zatet of abewsr §1°Ff (30EC) Iper rdiptssfo ed

al um num ?éhgpérﬁ‘lguéigpﬁ’&ﬂtqg7 1048 (RisdPe M ) el btk Ain¥eBhal ko

The steps b5 are prefterably per forrred at In part concurrently

in the pebowr} él@uxﬁab/orISpm@em dyising; which @@pcﬁl,mmmm ) d@mﬁeé, dnds tharbed
subsequentjoyy, cé@&?fo §25(?’!F:$ oiJag théncg tlfu tRRhPGERME S Th ttﬁﬁeﬁfd and

any form of vapor ase a % se I'hits preferre

basket s oiemﬁréﬁﬁ*r%nmambﬁrﬁwﬂw ta|a1t9y %@Fhl@lwsapé ﬂpﬁ)@lumlaﬁ@dcqmlmng lab@'ut 1
inch (25 gp, of the gas turbine blade to be vapor-phase alum nided, in a
retort. The retort containing the baskets and the turbine bI ade 20

t i |1 b bl d th d 9
o op ot mhelRt ahéehs Mpineede 3 GnBlifciuetoh B0, Th o te hegted” "
:errper a: Uﬂﬁrlﬁg thd abird 1R §5ﬁt1(bh 502/556 (Iéj!lﬁ@@()z‘wo Jaﬁ@) 80 hﬂbﬂilﬂﬁsé ftiitform an

e erau Qurs +/ - eS fln m num
S nas et Al RS s PayEeEs e sing: 5 Vet ¢ BB At T om
tﬁ_rrpﬁr at unz@,}er Té;}@sle 62j amﬁaq;mﬁfc;rtr?h@aﬂ_ &ﬁnﬂel Esplﬁtﬁmo nbelumma«bd;glﬁtboak/é eaiydrlga
thi ckness o contal nin er . . ecau e as r |ne
b e 50 8% T PG RSP Beends. | THSe intrrastsid bRtenng 5 DU
third dep62iaté ﬂmﬁﬂrespétmvbb/ymrlégﬁ@s SHad carlthSlayertedy G0 f dnds§0 sre rf(lenga'R

terdiff | i 0 r .t he

L rort | FeRnBRBdls' IR AL, A Bl Sl PR B Bl TS ENRR i
al umi ni deapd osudlyi iv edditippal 182ting $2r attetfenmeaettulremﬁabbusi%SQEaZSDEgil@Sﬂ“@G

These int gr gjofd us 8&1%‘%&"' uf ’?or§5 1o AGudt Suslflsd BER ly iIn
Goat HirE of abfut e F IS

Figures 5 and are no longer recog 'e as
di sti nct Wa,ym% atthleledtmngthempahfmlm, tihrm@smbsgqlhmt servine; er beth. be and
usually is additional heating 52, at a tenperature of about 1925F 25F

(1050C  hife} nagkahit) s?ep@f?h@%uﬁlﬂ?fg‘femggs-el tﬁ ur I@%rok%gfvl#; filg 90 is

interdiffuse the |ay
oper at i Onprquﬁab}ygatgwg gé}?&e{ﬁgh Q.ﬁr gmagresggr then 1gn a1rf011 precious-meta alummlde

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 protective 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 um) 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 precicus-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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After the heating step 52, the airfoil precious-netal alum nide protective
coating 90 is preferably about 0.001 inch (25 m greater than an airfoi
preci ous-netal alum nide 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 m in thickness. The
platforminterdi ffused precious-netal alumnide protective |layer 92 is

pr ef er abl ympiswyetthe cosagon medistas® of thgrseefhes by hgrtoahreedithes, rms poapacadstonet al

al um ni de at 4 t b t Nclysi h e eani.n and is
pref erabl ;[/}% f I;’%%H%b%lﬁéh gleg%ié; Sng ag bout™ 0. gg%pgfl:}eﬁ?ﬁ?%%&%&.{egﬁ%oﬁ% _ig%en
t hi ckness demanstrated ughiow pasedugtion dn theemechanicad highaeyale fatigue capalslityeefal

al um num gpatlh | Y ae step of cleaning, and the bottom
surface 32 is a?i?qﬁgggﬁ?a@ﬁgﬂﬁgﬁgrqéﬁg%@ﬁess of the precious-netal

al um num protective coating, on the hottomsurface 32 of the platform 28 is

about 0. 0#ghopgh 3 pasicyljr empedimant o4 <he inrentipp hes heew desarihedriai detaik dor

preci ous- ﬁﬁfp&e@o@_rﬁillﬁis@@cidﬂ Of £1uls V1ol AN@tioR? aRBY eBnBERANHS " mbPase FhadeeSser
than that g the interdiffysed airfoil precjous-metal alum nide protective

coating 9WithPHL dspatiBg: Irawn g, spirih ANdhscaper @l thee investipracAiceerdinglngthene
appr oach @fvehiignlisasot 1o baMlighitdleXcBptABHANP appSfled CRimeat i ngs 90 and 92 such
as described herein and illustrated respectively in Figures 5-6. The
addition of the underplatformcoating may 10 i nprove the corrosion

resi stance of the surface by up to three tines, as conpared to that of the
original bare surface. The described repair procedure has been

denonstrated to show no reduction in the nechanical high cycle fatigue
capability of the blade as conpared with that prior to repair. Al though a
particul ar enbodi nent of the invention has been described in detail for
purposes of illustration, various nodifications and enhancenents may be
made w thout departing fromthe spirit and scope of the invention.
Accordingly, the invention is not to be |inmted except as by the appended
claims. 11 CLAIMS: 1. A nethod for protecting a gas turbine blade which has
previously been in service, conprising the steps of providing the gas
turbi ne bl ade which has previously been in service, the gas
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turbi ne blade having an airfoil, a dovetail, and a platformtherebetween
having a top surface and a bottom surface; cleaning the gas turbine bl ade;
first depositing a precious-netal first layer on at |east an airfoi
first-layer region of the airfoil to forman airfoil portion of the first

| ayer, and at least a platformfirst-layer region of the platformto forma
platform portion of the first |ayer; second depositing a precious-netal
second | a¥dtABMSe | yi ng at | east part of the platformportion of the first

| ayer to forma platformportion of the second |ayer, but not overlying

the airfoil porg f&hﬁroftécru?n .Agﬁ?r' by Bf&dﬁ‘%ﬂf?ﬁhtﬂaﬂ%@{}’iw ly been, i
al um num contai ni ng |l ayer” overlying at least the airforl por?yon of 't he
first |ayéerviggdcemprigingthieottenspdrti on of the second layer; and heating the
gas turbine bl y:Fa gl | dIevd ] EECLOMS, . 2.
The net hod of ?ﬁgﬁl%ﬁ%tﬂé\l\gggrﬁﬁ? ﬁ)ééstei)i%&;ﬂ %%ﬁgﬁﬂ rHi:éﬁi(i:)lng: é:es t.hg%g%%p o]
provi di ngthinegdiade hpving an gidelb sdevetal rady platfermiiberebetivenn hewingrastapot t om

surface okudfit® RhdhbB#iHM sBrfaddle Method of claim 1 or 2, wherein the step of
cl eaning includes the steps qof _renoving surface dirt, oxides, and

corrosion prodGEeRne e mrne pide; and renoving surface dirt, oxides,

and corrosion ﬁm@ﬁgés‘itixﬁgg?‘rédi@lsﬁhéﬁﬂﬁfﬁﬂay%roi{he met hod of any one of the
precedi ng cl ai ns, erein cl eaning .includes the step 0

he step o .
contacting the gas Phﬁfi??hénbarlﬁfé@ ﬁﬁt“ Ysedreiqn; of e mirfoahtp r%‘E“Pi'ér?’(‘}aﬂf' Lorit

bl asti ngmgbﬂic@&fthyﬁfﬁtf[@eﬁla@de. 5. The method of any one of the preceding
cl ai ns,

erein the step of, first. depositing jinclydes the_ste f
first-depositing thét {?F‘gcﬁ Blagjﬁ)ﬁ’étfgﬁt'ﬁg?rs’feﬂ%%ﬁ:thﬁw a@?‘@bfq %E'pgﬁqtfom 12
6. The nmepbaibnaf thafirsoieepf precedi ng clainms, wherein the step of first
depositing include

the precious- Fr%“togﬁ ql??’g%‘ﬁ}’g %ﬁg%CIéé%%t%%‘lfﬁg@%&?&' ysmé Q‘ﬂeag{garpg% e "ave
platform portion of the first Iayer 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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7. The nethod of any one of the preceding clains, wherein the step of first
depositing includes the step of first depositing platinumas the
precious-netal first Ilayer. 8. The nethod of any one of the preceding
clainms, wherein the step of first depositing includes the step of first
depositing the precious-netal first layer to a thickness of from about

0. 00008 to about 0.000125 inches (2 to 3 m. 9. The nethod of any one of
precedi ng6cl ai Mhe wiethael ftdny shepobipravedmgd claimpositieiein fhecktepesf tfirst st ep

of seconddepgsid il d-0ePUae Lo HELALSARI AR MoHLEEHAJERBALL o0

10. The met any one ng c 2i'e, o wWherein
second d@pﬁb@llﬁl‘stﬂ@ytnﬂﬂpasﬁe@lﬂlhmom ep of: second maski ng surfaces that are
not to have the precious-nmetal second |ayer deposited thereon. 11. The

met hod of 7any gy ﬂémhﬁeoﬂoéjgf%ﬂér& ﬁllez;b edlﬂg“’ciafﬂn'g Wereth GRe %fte%;ﬁ?}f(}ﬂgt

depositing includes the st second deposTting platinum as

preci ous- HEPeFiting énpheras dpe steprof firvedepesitiog ratinumy 2sthe precipus-petat ditbing

cl ai s, @i N the step of second depositing includes the step of second
deposi ti ng the preci ous-netal second |ayer so that a total thickness of

t he preC| aI first er and. t he pregious- rret aI second |l ayer js from
about 001 516 BEHe 3 @J @%@@2@ Hchesrreaeding & vherepp dhee{ero ot distany

one of thae Poseead iimguddsaiheBstepET Bish dePEiSHE Phed b réﬁbﬂs%eﬁﬁﬁﬁ&' fayBg 16 ncl udes

deposi £ o wlf?ésg$ﬁ§o@9&&%ﬁﬁ§ﬁ%¢’@t§%ﬁ§%@ B MR e, wiorei b 1 he

step of third depositing and the step of heating are perforrred at least in

part conc@rr enflhy. méthodSof dhpg amet bb prafedmigy clalies,ofvhtledn hieerp B0 setdidTs,
wherein an _aikfoil tal al um nide coating thickness on the

c
airfoil af ROsigR] nﬁg'ld(??\{ %‘?Fh step of heating is about 0.001 inch (25 gm
greater than areaindfdepbsifing thoprecivat-atetail seovmi gercnatlectgodepbiitibness at a
concl usion of the step of cleaning.

10.  The method of any one of the preceding claims, wherein 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 8 um).

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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16, The method of any one of the preceding clains, wherein a platform

preci ous- netal alum nide coating thickness on the platformat a concl usion
of the step of heating is about 0.0025 inch (60 gm greater than a

pl atform preci ous-netal alum nide coating thickness at a conclusion of the
step of cleaning. 17. A nethod for protecting a gas turbine blade which has
previously been in service, conprising the steps of : providing the gas
turbi ne bllade Whiegnhethad ofagyionggifithe peercdingsdnims; syhertio apasirfoilprociousbl ade
havi ng an akif Sidinide ' I ' - 1.op

ur face antal Puninide CUBEIloknBRT AR RIGTRCR LORIGHGH UEAR MY bl ek

coati ng ofs et Ol iseh {29 paDeeretter fanminasitioilrprecivusnicta) aliminide coating ne

bl ade; fi &ﬁ&k&@_pgfsgg(gm?@mp LR JidiShidAayer on at least an airfoil
first-layer region of the a{)g?’loi‘f%][oc?ormg;n airfoil portion of the first

| ayer, and at | east latformfirst-layer region of the platformto forma
pl at f or m cji-éort i r%ﬁtg%)qﬁe Ry epe Pk {he preseding ¢lampoyheremya ansﬂoami PrEfirY%ECond

Itayfer oV e pleyAlNgluddinie ahtiR@ thicRhess éh ti Pl ROAtdABIRfont bEtHd 58) dRYeEr
OTorma

| at f or m portj of, the second | ayer, but not overlying the
airfoil pBE%ti% i ateHe 4902 m%lye(é,a i) ngwa%a bRt R Rl nPTReREs Mtlect i ve
coating byluntinid¢ cdapes tHitk@sHit & eRRlusiaPestht s&p drleahitg. num cont ai ni ng
| ayer overlying at least the airfoil portion of the first |ayer and the

RRIRE A SO TR T b R IR
of cl ai m $étvicshesmaprisihg ehesdteys aff: first depositing includes the step of:
L 350noP L BAHBRGT LAk 3ke! FHES 1R B GETSR s e EERH
17 or 18, twhiedladd havisg ep aiffoil ecdonttal pmdi 4 plagformaherdbstweth dasingm wh:
surface and a bottom surface, wherein the platform has no protective coating on the
bottom surface of the platform;
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 um).
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second depositing the platinumsecond | ayer so that a total thickness of
the platinumfirst |ayer and the plati numsecond | ayer is from about
0.00018 to about 0.00032 inches (4 to 8 pm. 20. The nethod of any one of
clainms 17 to 19, wherein an airfoil platinum alumnide 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 alumnide coating thickness at a
concl usi orl9of tline maetbpd of claimdfi orgl 8, 2uherdih éhersteh of seforendepositingfindhdésts 17
to 20, whey gbgfpl atform pl ati num al um nide coating thickness on the

pl atformat a conclusion of the step of heating is about 0.0025 inch (60
pn) greater thaecoandpdeposiving the adatinwm seeomdniagier so ghat mgtotalhthidkmesss ofithea

concl usi o 1331?[1% %tlﬁf’% Oin&{lﬁgﬁhﬁﬂurg%%cmﬁi TReP 98! fl B 6%01"9 t(? a%‘ét

turbine b greV| een In “service, conprising the steps
of : provi 80§32 echga é4 tus bime bl ade whi ch has previously been in service,
the gas turbine blade having an airfoil, a dovetail, and a platform

therebet wegn hahkNBiethotOf afijil SrRCBf %Mm@ Ppttbom Swhé@ﬁﬁanczilﬁ%ﬂl ﬁ&nhﬁﬁl gas
t ur bi ne bl ade epositi gapremous- first layer .on an aiffoil

first- | ay@hmiBiieorpaging thckngss, ¢nithe a’d@é’o@‘i #icREC &Slsnétﬂ b stor phheaiing id

| ayer on gbowtdnsn1 mﬁt(mhni Je2eAbthhR aMairfO Blaihiim! A18mAHi8S cOAtAr Midknessecond

llayer is thicker than recious-metal first layer; depositing an

al um num @B%F%ri‘%‘i‘sr’i%“ P‘é‘itb@rs %’«Ref qIeANRE. ot | east the precious-metal first

| ayer and the precious-netal second |ayer; and heating the gas turbine

bl ade to Rt er dhtfmethotihef ahyimnsush elating NG ®r 20] edereied alatfold platinum
aluminide coating thickness on the platform at a conclusion of the step of heating is
about 0.0025 inch (60 pm) 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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