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




cooling air is flowed. 1 27 March 2007 |In anot her approaghM@agz%@ pr ot ect
the hot-section conponents, a portion of the surfaces of the turbine

bl ades is coated with a protective coating. One type of protective coating
i ncl udes 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
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protect i 3‘231?% & aPRIAath Pied: tadiratect e mieeriom gompeRentss 2 narheR O ARC por t i ons
of the gasfidet Wfnbe hhde bRAW fecshlitdd QReNh pryResvABshitbl CORE TSRS 0P
protective c?ati ngs, .arid some partions require that there be no coating

t her eon. P Wﬁﬁﬁ?qf}ﬂggé{*? Biesan alupunymrqoatanng prkessive feptngideroried BROMY ¢

protectiuR S@atraftgmateiiabeithe HrofcRidES, ThBGAPRSPERYAR 6OtheOiluf@RIhNY
deposition .in.other r.egi ons, whj.le using the npst cost-efficient coating
t echni quERLBLHE RIGISELY ?%tleapfﬂd&f‘ém UPHRD YRR BYiHe Profgchiye Lyshi ch have

pr evi ousthat pReects theagileilggandady. € undergoing repair. |n nmany cases, it is
difficult to achieve the desired conbination of protective coatings and

bare supfaces. There is a need f an i npr d approach to such goating
proc esse?‘& enta%q{gg%oﬁtﬁ‘é Ef% lpﬁgfaélg rgg{ql})e\}ﬁ{fgreph%ﬁ%a%f@%ﬁegeﬁﬂﬁ _
t Bi cknesgroddctiveeoptirgdseaid M%]&plﬂtid)ﬁmreqﬁime gR0thef £l @ﬁaﬁi’ﬁ %c{rﬁq@ﬂlihb"g I tSd
. absence in.other regi . e present. invention ulfills IS need, an
Cfurther HRIGRHAR szﬁ%gﬁiﬂﬁ'&v%%a@%‘g &imwfoﬁfﬁéecﬂ?"é%?ﬂngép‘ﬂri?&&en provi des
a techni mpgéorfspind tHegrbvertion difcohttied debsai@om dthiétiepdns, bivpitleusihy eie has
previ ously been gfn.s%rw ce, aBd I S under Ohﬁﬁ rlefurlfl shpent and/or repair.
I'n one aPpF CRFFHIFICt £oatng techpidyes. £aR PrRG IGHC R Broh TRHIGT 498 WAIRK enat ed,
wlhi l e thlaldemm@i}d@e(p‘reﬁidi&hpll)_ﬁdnfi@rsﬁtﬁf:e bﬁ@a@aﬁldﬁtgobmgleeptaira?]g ﬂl’fl?sg' ven g _
pl ati num al um.ni oat | ng. resent. approach 1s cost. effective, and is
usabl e etBRS 1 H%E‘éﬁﬂfﬁq 2\?@19\%3 t@f&ﬁﬁ“@%ﬂ%*&ﬁ@%ﬁ%%@%@ COAHE%?E&id %0 a first
aspect, 4uifices.i Thereodiad@sbdoforeh in@rdved dppedhtlth %%lﬁcéh’iﬁlgtptbb?éﬁ@s 12 ag_e ]
SQ;CP ubgg egvee\é g lge%llu};'eg g{ﬁgct{vri]tyslr? trh\élp%gs’engg ar}Pc{ thfclerl]gssﬁ)? %C%EC)G'EQCSﬁV% co tEn?gVI 'ng the
- in some regions, and to ensure its absence in other regions. The present invention

fulfills this need, and further provides related advantages.
SUMMARY

The present 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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bl ade which has previously been in service, the gas turbihgypl adegfpavi ng 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 layer on at least an airfoil first-layer region of

the airfoil to forman airfoil portion of the first |layer, and at |east a
platformfirst-|layer . region of th |l atformto forma platformportion of
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pl at f or n?gg{ohg t9f the second |ayer; and heating the gas turbine blade to
interdi frfuse the alum numand the precious netal. In a usual case, the gas
turbi ne bl ade has no protective coating on the bottomsurface of the

pl at f or nin ARwateass, be gas wehing hladn bages protective eodingdm thapoitowisutface he st eps
of removppgepuifRge dirt, oxides, and corrosion products fromthe airfoil,
and renoving 2a 2/ March 2007 surface dirt, oxides, and corrosion products
fromthe_platform Such cleaning my be  acconplished by contacting the
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turbi ne Bhadeides, hiniRBr6kiea Préthctd frohthOLEfofl aﬁcﬂrehfm ghe existing coatings
on the airfoil not be renbved. The precious neta o? the first |ayer may
conprise, for exanple, platinum palladium or rhodium or alloys thereof,
but is preferably platinum The first deposition step is preferably
acconpl i shed by el ectrodeposition. The first deposition step usually
includes first masking any surfaces that are not to have the precious-netal
first layer deposited thereon. The precious-netal first layer is
preferably first deposited to a thickness of from about 0.00008 to about
0. 000125 inches (2 to 3 m.
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The precious netal of the second |ayer may conprise, for ?%WI’%PJ: £2008! ati num
pal l adium or rhodium or alloys thereof, but is preferably atrnum The
second deposition step is preferably acconplished by el ectrodeposition.
The second deposition step usually includes the second maski ng of surfaces
that are not to have the precious-netal second | ayer deposited thereon.
The prec C I fer o] so that, a total
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: preferably deposited so that a total thlckness of the prec:lous-metal ﬁrst layer and the

precious-metal second layer may be from about 0.00018 to about 0.00032 inches (4 to
8 pum).

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




airfoil portion of the first layer; formng a platinum al gmni Q¥Rhotect|ve
coating by third depositing by vapor deposition an alunlnun}co al ni ng

| ayer overlying at least the airfoil portion of the first |ayer and the

pl atform portion of the second |ayer, and sinultaneously heating the gas
turbine blade to interdiffuse the alum numand the platinum According to a
third aspect, there is provided a nethod for protecting a as t ur bi ne
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Q her features and advantages of the present invention will be apparent

f r om t heAccording 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




foll owi ng nore detail ed description of the preferred enbog%gﬁg%§mﬁg§egfin

conjunction with the acconpanyi ng drawi ngs, which illustra
exanple, the principles of the invention. The scope of the invention is
not, however, limted to this preferred enbodi nent. BRI EF DESCRI PTI ON OF

THE DRAWNGS Figure 1 is perspective view of a gas turbine blade; 4a 27
March 2007  Figure 2 is a block diagramof a nmethod for protecting the gas
t ur bi ne Brigkras amiegistag platisum alwninids protestive cortig an thabettomrarface ebi | of t he
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vi ew | i kéamyEmegthedoyetpib surfaces rapainaacp#ed. aeqwegmmit feromptiggewih theDETAI LED
DESCRI PT{eMnEigsir € 1 depicts a gas turbine blade 20 which has previously
been in service. The gas turbine blade 20 has an airfoil 22 against which
the flow_ of hot conbustjon gas _inpinges during service operation, a
downwar dihesdeanenspdsadyantages ofihg nipsenh invsation ntillibe anperend fiamvthey dovet ai |
26 whi chfRlohaggemold efiiRdt BEtiPBoR| G08hE prERrdd 88BoditHdAt NeakdhSty (not
shown) of the gas turbine engine. A platform 28 extends transversely

out war dl §erdEnciiongrith themcpemprenng favangs svhichoblusissc; leway ef psampleand t he
shank 24aigindPI&icTithe idGentRA. NG sOSRAIF theideniihSs RbhdWETRr 28miadtcA t Op
surface 30 agjacent to the airfoil 22, and a bottom surface 32 (sonetines
termed aW®Rif jcgabodigents he pl atforn) adjacent to the shank 24 and the
dovetail 26. An exanple of such a gas turbine blade 20 is a CF34-3B1 Stage
1 hi gh PRR$EFDESCRIPFTIONVORIEE DRAWINGS® gas turbine bl ade 20 is
preferably made of a nickel-base superalloy. A nickel-base alloy has nore

ni ckel than ot her .el ement, and a.nickel - base
iagurtaafI Ys perspective view of'a gas turbine blage;
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superal l oy is a nickel-base alloy that is strengthened by gfima;fjohme phase

or a related phase. An exanple of a nickel-base superalloy wth which the
present invention may be used is ReneR 142, having a nom nal conposition

~in weight percent of about 12.0 percent cobalt, about 6.8 percent
chromium about 1.5 percent nolybdenum about 4.9 percent tungsten, about
2. 8 per celfigurd21is ablockhibagrati da method éort protestiag e gatrotbinetblade; per cent

al um num about 1.5 percent hafnium about 0.12 percent carbon, about

. 0.015 per YAl 1: . of the
vent | ont e 338 @3chetgeahad Yoy B8Rl HCRR Syting Badby RliEGr

whi ch haslipe 313 ofUSigyrebls dut befosetheideposited Jaymm afedwiateded as  a new make gas

turbine blade, and then used in aircraft-engine service at |east once.
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change, apdi&patings are pitted or burned. Because the gas turbine bl ade
20 is an expensive article, it is preferred that relatively ninor damage
be repaired, rather. than scraprgi ng the gas turbine blade 20. The present
appr oach ¥igugs bisiadawilike thatofFigwerd, pipsheatiag dhe denpsitedhlayershendyas t ur bi ne
blade 20 so that it may be returned to service. Such repair,

ref ur bi shypite 6 RAOViER] IRTAA dfPFighie 42 Bfter HEAANE AN déptRRéd EZeI‘éfﬂi ch inproves
the economc viability of aircraft gas turbine engines by returning
ot herw se-unusabl e gas turbine bl ades to subsequent service after

appropri GETAINERPISESGRIEIE)NSpect of the repair in sone cases is to apply
a protecti.ve coating to the, bqtt surface 32 .of .the platfqorm for the
i Pst o digonedodinid aiegs bEbing s A0 wbichhas previgusiys Paer rraee | Che &t  vel
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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. |




may require a coating on the bottomsurface 32 to inhibit, Lq‘h grably
avoi d damage from oxidation and corrosion. The present approa
primarily addressed to the circunstance where it becones 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
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t her ef or eminor pamsgﬂbs rdamumd naﬁleathaw.“rp(ﬂpph@thbmwhmalbi@h ?é)nfﬂl@ml"tﬁ@ﬁ? oded

to sorre aﬁpﬁg&%h ?Jvﬂy@d Wrﬁ%ﬁfpwﬁyﬂ gﬁ? %@ﬁ%ﬂlﬁe e bfa'dé?b & eaned,

ste |ng nor mally |nvo rermval f sur ace soot
oxi des dhat 1t:mawdm mlrpcémjmwchmh r@auoaefgnblstunm;c@d rsjuvenation sfas | 22

and from;iRenHa fudbiba! which! ] @ 9@-& {fg! oint Bﬁﬁ@ v?@blﬂ%/xbb%uefaﬁt b8 Rubhe

al t hough the nat ur e and exte soot I des and~corrosion

product's engines \hsr yetardng ihegwise-unieable eas | torbion hlafhesgasswbmnenb seivifge 20.
In this case, ;?{Bﬁﬂét@ii?@&tsélﬁ dirt, oxides, and corrosion products are

renoved from e-varfous argas of the gas turbine bl ade 20 such as the
airfoil 22 and the bottom surface 32 of the platform 28, éﬁe as from
ot her | &6 ashectof thpaeppisin s sasehisdgeapply agngtestive a@ﬂt@gc,tp PRgom

procedur guffhde j&?o’f‘ﬂ{%(blat%}% Qﬁ k&hé ‘ﬁ?st%ﬁﬂé ORBeBalst thObsRIHh @ﬁztfaéé'@z bfifHe ne

blade 20 to_. a weak acid such as di ammpni um ver sene, hereafter

to grit blatform iy mlfm‘wéy 133135%1_}9@ thA flqwyef hgt combpstion; ga§ tﬁ%t l&%ﬁgeén t he
ai Ffoil 2gainiithé %nifafzgritthapbaéi éudtbrdrytii @he PastALR i ﬁbtf Hes:ﬁm%?deqfwma

platform?28 i s usual eavi er ring the cleaning ferred not
to renov@r%tﬁ‘iﬁ“’ﬁr %Qf’é%gst Hﬁ&emrmaégthewrwlpwffth%@% I‘i‘é';r bla@‘eé Ochavene

ai rfoil Peéen ImPFARASH FMBR! VEIHEE bpefutRis" RImpiatds fiRNinRidaSedirdgitgown as
“strippi 2 iciency, it has become apparent that the bottom surface 32 of advanced engines .
may require a coating on the bottem 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.




the coating. The nethod continues with first depositing, f a
precious-netal first layer 60 on at |least an airfoil fi rgfwgc;}?rm?egi on 62
of the airfoil 22 to forman airfoil portion 64 of the first l[ayer, -and on
at least a platformfirst-layer region 66 of the bottomsurface 32 of the
platform28 to forma platformportion 68 of the first layer, as seen in

Fi gur es 3Thagdasiurbine blade 20ua firstademned hatepd 2.f The cleaniag noayelly imgilvas the

i ncl udes on ions..qQf the surface of the airfoj ‘ S

o ossur o Stgel BESUEERNGR pdnd e, 358 cleghiaf B bR brofine UARIAIALE , |
usual I'y noff theappifeib@2 tand tvm thedbdre mpteldsfethe botttm suafacd 32 lof tHehplatform 28,

pr eci ous- Rt fd | ( pli t face of vet ai |
26. Fi gurée@l-ogbér'i%é %‘#‘?é‘g@ reg%g{ ?ﬁgﬁ)‘% gg‘grégog%gﬁ egr%ar(’zog{?es&%l e&dy&ggﬁ sited
upon t he vay et@irdingitoshe loyiton o eogrséartamziblage20.t Frethis caseotherespestive ayer
regi on 664 ,The. ' . 6 | | 62
ond 66, it DRigRE ad bhidhsion NGNS e YelpiR BRch W WGk HRRE ST BEF 1

i s depositudiné hlade@0f sucht asdbp eifail 32 and ¢he hdttons sarfgceodd pbBiecplapioar 28us
metal su ' ad] ' or ' LI W th
cach o nar e B Bt Rer 16caBll U Al REroler by 0y Spiralel il 1

i ncl udes Motadurhimay belused.vOng effactévarnpavadhris tatentad ithoyubise blade Jtom . )

Pl ati numysyt agy Bétﬁ%?ﬁéhe% &‘iﬁfrﬂoniﬂﬁp&?ééngdaﬂd‘%&ﬁ%ﬁfﬁ f@éré@ﬁl%@tsﬂh\ btiYbinkt €P 44
The platinum contai'hing layer I s preferably deposited by .

el ect r oddybasisi 20. oA. light erit tdasting fis pseskiom thet airfoth 22e piile tthe grit blesting gbthet | on
i's acco ' s ' i (Nl S ' i ; sition
{ank anq PoyoneseRiteRR6t e Gaffbih 8 GAghT nenfer “hitng e ik, dER°

sol ut i on PEefeded met kuremeve 31y pisecxdiling protestivagoatpng Epmethe surfaces of the

pl at i num,aaa 93 N HGcER3UBRIANRI LD Aother RpaidEartkEfd KABWINE “Btripping”
. concentration of "~ about 4-20 grans per liter of platinum and the

voltage/éhﬁﬁa@ﬁﬂgsource is operated at about 1/2-10 anperes per square foot
of facing article surface. The precious-nmetal first layer 60 is deposited

in 1-4 hqkesndthod cotiRRE Hith ﬁrsﬂﬁgaﬂ&,ﬂir@@iéﬁ(tﬁﬂzDﬁﬁg}eci&{si-l%tal fiesttify ey 60
oS0t M OICR%R least i Alrtoll ist-layer ropion 63 of the Aarfoll 32 to form an airfoil pordion 64 © "'
“of the first layer, and on at least a platform first-layer region 66 of the bottom surface
32 .of the platform 28 to form a platform portion 68 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 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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have pl ati num deposited thereon are first masked to prevegh\fgg oz[sd ol on,
with masking tape, wax, or a rubber boot. The precious-neta ‘% atlnurr)
first layer 60 is preferably deposited to a thickness tlI of from about
0. 00008 to about 0.000125 inches (2 to 3 pm. If the thickness t1 of the
precious-netal first layer 60 is |less than about 0.00008 inches (2 pm,

there is depeitiptplatimah fariehé l@@l@do@hnﬂorlﬁe@mlfﬁteeomte@negmtan@ﬂ sisbles al so
i nsufficie ote t.i.on affordefj b\rll 1 g;a(@ﬂtﬁ[ig enhlé/. or med B L num
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t Ihi ckness abéuti4s2Q peamisepert liten ofiplutinuth, @40 %vdylmgleﬁinfe&t swf):e ig b;@er?(ﬁedat

pl ati num ot ective coa t oo t cr.ac

Por mal - opabdil D18 SRARERORY Sty B fReitg Beicln FefRSs s AR Al e
prot ect i ofirst &dylep 60 éxddepositébirs Mflm‘iaﬁsatcm‘temberamre fof |1I90221}0H3‘/(87n93°6,\)el)hyr t hi ck
pl ati num r tive avera nc egraded
Gue to tnE M lePfioadolfih, ot f ebotiiont REuRGRE ctis, BiFFisEL Ty b Whac s e
The net hohaveu pmMM| deplosited therzenoard fitspasiskédho mremtddspostion, as with

preci ous gverlying at least part of the platform
portion 6@%@%%@ Or%y@kpeliob O;{orm a platformportion 72 of the second
| ayer, but not overl ying the airfoil portion 64 of the first |layer. That
is, as sh'lihmprremom-gmtd (platlllwn‘plfusﬁleyan6ﬁas precﬁaraﬁlz' defposites! toectbinknessyteof 70 i s

aPPL | o0, St o bUPLS ST A s R8 (9% ! 1 bnd fiRheRS, BB e

t hi cknes spr@mou&treleﬁal d"u"sblasrenét()ais less thaneatowt t&ﬂﬁﬂéisdmcbzs 62 pmie theératif gr m 28
b5 e gbiARaliRRIRAPof iitofibs Bofiradd g BERAS S TR G philEcfl T O!

plat form fiﬁarded by diel s;dbmenﬁy;fmn@bplammammmgiet protective omﬁun& asfiethei r f oi |

22 had SLﬁn&g@eﬁﬁh@ﬁ&fdﬁﬁoi‘fﬂﬁ%wﬁ@sﬁ | dbloif0 ?)bGst‘lﬁxcH@é’ 30e.
acconplis separate ste romth t positin rit
may be i fin edatinpog ahmmmmownaver ma;tmgd@mﬂwlﬁgmgwelb CE mnderbot t om
surface 8T§@:‘ t he
a:Jr foil :;%)rﬂlgquﬁg@ ana(?ﬁd?ﬁ%sz ecolglnft3 : %ﬁ&ﬁﬁﬁéﬂgﬂgggégﬁe ﬁgqgé f/‘e‘gg)?lf orm ng

the conplaéfasdesppdhe |s aens @ﬁ@eawf%l. 22 bxzthamwegbfpﬁnak@i@mwr fBiinids t he
conpl et e JigResId icBRY) LA HRIAPDEfHAGE 3¢ Rerhds de to the cracking.

Additionally, the expensive precious metal is wasted.

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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27 March 2007 platform28. The end result in all cases is a
t hi cker layer on the bottom surface 32 than on the ai rf0|?k@£&a¥%7
precious netal that is deposited in the second deposition step 46 is any
operabl e precious netal such as platinum palladium and/or rhodium or
their alloys, but is preferably the same netal as deposited in the first
deposi ti Oplaﬁbmi) 244. ThE aindniesnlt $n allhesised & e hhee prthicker Byemehahedepiosi ted i n

t he secon It on e The platinumis preferably deposited by

el ect rode?}‘b'gal ?gg ﬁ'&aﬁﬁ.ﬂigg descri bed above for the first deposition
step 44. Prior to th| s el ectrodeposition or other deposition technique,

t he surf aflesptebious anatalrthtt malepamtedphahe secondefepesitienl stehelbas mpy ioperablii ng t he

foil f t
ur f aces RPoipi e R & 5 VRlAta, bR REuh S B G, BaciTe,
t he manneprefeeahdy ithe darabongal asTHepgsited i dlse Madep(mtlam isteprg4. s @by dyer 70
' f hj 4t D
1+ of BRstos? SBECHrR bl UPREE ini e Bl Wpolilibn 8 4d. 7\ BRIECD
| ayer 70 piatmwne ISDpltelf@'ablsn dbposircdoby ehetrpdqmnm inghe mafnnmdtssbub@d aboy®0018 to
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about 0. gedidque, thehasfacas thay armlqt lie hbm platingimodersitest th@fﬁ@ﬂpmﬁ" uctmﬁif@e
there is asy taiggé@nl;egldq Kg'ag *wafi um i gf fr%@bﬁgﬂauomt @6 tupcaf BPﬂﬂ:ed by

t he subsequent I num otective coatin
t ot al thldowmdgﬁt aretseconsd magkedde ptewant denssitiongin gopmasner deswth @bﬁm the
excessi ve amount of the precious nmetal may create a single-phase platinum

coating Wi gﬂ}eﬁﬁuseﬁr%teﬂ *{glaﬁﬁgmmseéo%atl 70%sﬁf5r6fe& ANt5 dBpdsited 3 lérfhﬂikﬁ@ss

protective coating IS ste

| rd depositing,
pr ef er ablty sush (hab dhe desbdhickness h‘gtzaq’ﬁjﬂienmﬁﬂwﬁtlﬁ‘?tﬁli %&“I aifé'r aw yi ng

at | easgnﬁééﬂ&w%afapsécoﬁe we? 70 %ﬁ tﬁé béﬂ&ﬁnfside%’z bEHE DIASrATS i TrorklaBbor M
portion second 70, and eatlnghthe gas tu t{&?ne bl ade, step

52 to i 9:Q00d8te gbaut Q}@OO%BEBP% Ehitond pimda ukh the dhickress dds ok e BIPEOIYUS
metal, wohgh figt lﬁ?@zf 60 &R the r@élbﬁéifﬁetal-geﬁnﬁ 1@?& FPisa8¢ than %@tm@mqsabl y

perforned at least_in part concurrentl

% he prefeLred vap OE)tp s[e
al uni ni ditpgesdfolmy o the Sedermr 8dg ek e @aﬁe@a&&ntt gre is a substantia

likelihood of insufficient 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




Vapor phase alum niding is a known procedure in the art, 5‘?51/1:% QY24 m of
vapor phase alumniding may be used. In its preferred form ets of
chromium alumnumalloy pellets are positioned within about 1 inch (25 pm
of the gas turbine blade to be vapor-phase alum ndded, in a retort. The
retort containing the baskets and the turbine blade 20 (typically many

t ur bi ne birdasargse apnogheredt howimgr Yated a)fmnedo%‘ 230%Brpdr AGOGe tbna an

Femper at B o8E BT 228 0B 1 TG R0 il i Tof
terrger at ugtsouft & howrbaiit 13 rthimutes, tﬂﬁﬂngSNhrc]Eum almkunumgswupoht&d raadahemi num

t
t erper at w8 cpRiEed ARR SO ERE Find oot mmombnbiriiy Xhest fERSFRA° "Oom
t hi cknes stenfperdtarealmayl el vardeh tcaaliemtipel thicknessSer. thBea&mnsmm -hentgidng IRYBI ne
bl ade 20 Its deposited |layers 60, 70, and 80 are heated during the

third dep ition 50, the layers 60, 70, and 80 interdiffuse to form an
interdiffused airfoil platinumalumnide protective coating 90 over the

ai rfoi| fBecuse Heygas thehjnohlade 20zandl #s Idbpmait@ddayam 60.479,fansled0 preaheaitdn
| d tp 2 6.
al umi ni eeﬁgig ﬁﬁ%se O;% h%%égf& 1250, 048" 1 é, . a’éﬁ “Jggi kb rlﬁ{e 4iBR0SE 16 SBkANard

These int Ive 'l ayer are s own respectively in
Fi gures ﬁnmdufﬁsedr hgfmhpbttmumalummé@mrowuae eopdng §Rgever the cdpil AHBl e as

di stinct | s é’ég{ | Onélaﬁ{i]%a;%lgﬁf&hg%ﬁtfeﬂﬁﬁgsé@ érl%tlﬁiﬁ@lﬂhgl?d %-Btﬂé‘dtﬁre NBYert® and

usual |y erature 925 f 25F
( 105oc fovendhe platinyrg firat lambregtona%umlssp méerdgluspd prasectivs lpyersid and

i nt er di fgss etsﬂ&'wﬁ éétu@gr ml?gu{“ o Eh‘%rsd&if t709ardd"§0 BRPFS Tonger

operation, durl ntlg sequ nt s Aiter’ the heat i ng st@rep 52,
the ai rfG’B'FOgnl@b dlmqillaséﬁr%rﬁndu are lpﬁetfilﬂ‘wd/wa@a@h qtheso There rayrher ap| y

about 0. t%ﬁl grﬁs%ﬁdﬁ?ongfﬁ%hﬁ Qhétna?cﬁn rétﬁfééfa{%ﬁﬁl%@z%@bmm de

coati ng s at a conc

step of clean tth@ei prior
to the sF'eb‘&Q)zﬁnd fasa timepipbput %Qlép fi§ mpipptes 1o Bh eﬁ“’(‘iﬁﬂdléﬁ%iﬁ W?GQ:O about
0.0013 i h%déé%lﬂleré%u@ﬂlelr J%fmduﬁh g sPbREhdit Bervitles bflbbthus ed

preci ous-netal al um ni de pr ot ct| Iayer 927 iIs preferably about 0. 0025

inch (60 reater than_a platformpreciou
( Anj?terg{he heating step 52, tlFljc air 0(131 preglous-metal aTE mmlde 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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al um ni de coating thickness at a conclusion of the step o g, and is
preferably from about 0.0017 to about 0.0033 inches (40 P%%%ﬁag%¥ﬁin

t hickness. In the usual case where there is no platform precious-netal

al um num coating at the conclusion of the step of cleaning, and the bottom
surface 32 is bare netal, the total thickness of the precious-netal

- al uni num mrtec theveoroasadn registance fod thosurfaneshyr G teetidee tifneshes eompdred ta 28 s
about 0.0 ' - 1 . e i ckne o) I -0r 1M .1 . f.f !
precious-@éfé#ngkhggﬁwgg B%%tgc %%E IZ@%r&ﬁggﬁgglg%Lgré%%g%ﬁ%ﬁ%%_§§ esser

t han t hatdenfonstrateditatshowi i xeslacticn inf the imgvhenical igheyele fatignd eapabiligr of ecti ve

coati ng r : reduced to practice using the
approach%%FbEpgggggﬁgﬂﬁgﬁ@ﬂgB?%Bﬂpgguggggrotective coatings 90 and 92 such
as described herein and illustrated respectively in Figures 5-6. The

addi ti on Although a pagicylastenehodiment ohthennyention bas besncdesonbed in defaiber t he
corrosio ast the o. LfBardce : to
that of t ]gﬁ(?)éf |§ ﬁgﬁs%fg}ﬁe)ﬁ,s J’rﬁlﬁ g‘?csg?‘%fﬁgcﬂ@é’%r?‘?}eﬁ rep,afﬁrréﬁg‘r ggagc gggﬂﬁ(gg been
denonst r avieput odepasing drone dhe spiit rrd sheperef HhelBygntiong h ASeerdingly: hsue
capabi | i tiveHiont 3 - WiHe difffs. to repair. Al though a
partiqué%wg%%%égﬁgﬁkqgﬁnﬁﬁgginv E??%%ﬂﬁg?b%ggﬁnggg%ribed 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 |limted except as by the appended
~clainms. 11 27 March 2007 CLAIMS: 1. A nethod for protecting a gas turbine
bl ade which has previously been in service, conprising the steps of
provi di ng the gas turbine bl ade which has previously been in service, the
gas turbine blade having an airfoil, a dovetail, and a platform

t herebetween having a top surface and a bottom surface;
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cl eaning the gas turbine blade; first depositing a precioy ?hﬂﬁlfé g7 T st

| ayer on at |east an airfoil first-layer region of the air 0 forman
airfoirl portion of the first layer, and at least a platformfirst-I|ayer
region of the platformto forma platform portion of the first |ayer;
second depositing a precious-netal second |ayer overlying at |east part of
the platChATME®stion of the first layer to forma platformportion of the
second | ayer, but not overlying the airfoil portion of the first | ayer;

third depgpsiti

airfoil pgortl‘gn gﬁ]()?h%g}ﬁ}#{s%ﬁﬁé@l ngblbggbq% %t 6@#@% Féw&ﬁ %e second
| ayer; anstriiegtdontprising thastepsobi ne bl ade to interdi ffuse t he al um num and

t he precious - g .

providing i qclﬂ?‘éf?n%%_e eﬁé’%“%@%&é‘g. c}ﬁl:l?h?%}érevmﬁ eﬁbﬁlg& tﬁéa ftshg no
pr ot ect | viertdoebladg haminghan siofoilo mdoyetailaand efplatgm‘rpﬂmﬁwtvmenélaﬂnﬁa %R hod of

claiml g p of cleaning includes the steps of renoving
surface |HF%CG\(I)%%|9 %dhomg‘ﬁ%:sf osion products fromthe airfoil, and

renovi ng sur f aeleanding the gaginabine blade; cor r osi on product s from t he platform 4.
The met hod of , Wherein the step of cleaning
fﬁ@@’de@%&@%@% éaﬁlﬁczeﬁ?ﬁﬁ@'dl Hs tﬂér r

i ncl udes the ste bine blade to a weak acid bath,
and thereafter grlqt Ipash ﬁgfqlhgfﬁdé}’qrmeﬁl%oﬁltbﬁjélff@ trHermeamaifall  any

one of t%{@?ﬁ:&eﬁb stk rn§ndwhere| n the step of first dep03|t| ng i ncludes
the step’o i rst-depositing the precious-netal first |ayer

el ectrodeposi ti on. aﬁeast a platform first-laypr m@hoﬁmlﬂf(’ﬂl‘l’ﬁéﬁ?@ ﬂ@éﬁt@m'any one
of pr ece‘fjoi‘lgor?!)iaﬂhg?nst‘&@fér,e' n the step of first
second depositing a precious-metal 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;
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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depositing includes the step of first masking surfaces that,ara #pf; to have
the precious- netal first |ayer deposited thereon. 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 |ayer. 8.
The nmet hod of any one of the preceding clains, wherein the step of first
deposi ting. i nciTieemethod 6f epyobnd iofSprededingi ¢lnings, t Whempine che usepmtfafirst i r st

| ayer to t hi ckness of from.aabout 0.00008 to.about 0001 i.nch (2 to
5"y 5. Sennstnl g et s slpP g mpkime g o6 T S nehepare e RECRER, o
second depetdifirsitigydrrdeposited thdreorst ep of second-depositing the
preci ous-netal second | ayer by el ectrodeposition. 10. The nethod of any one
of the pregcedi , rej e f 0gl.t ] | des
the step o sobenhiTior SLEHY ob e BhERaRe SEERC hHERCH: Wep drfftst
preci ous - depioaitingeinohdes Hyestep dfpist tlegbsiting platinuthlas tisepnesichsteatdl fusy one
of the prﬁ?&di ng clainms, wherein the step of second depositing includes
the step of 7 "second depositing platinumas the precious-netal second | ayer.
12. The nmethod of any one of the preceding clains, wherein the step of
second - d®posi Thegnethed ol esytins QP@F ofecsdivgnelaitem oxharpigthengep of first
pr eci ous- d, s 0, . [ S

(?%Iogllltmg%eﬁ%é ?}{f? Eteﬁ dOft Eggt p(?egbg’ihﬂé thng rngﬂglg% gfr%gallﬁljgﬁ layer t? a

pr eci ous irst Tayer a Cl OUS- I ayer ‘i s
about  0.thizknessiaf feaye gbow (HNHB tp gberet). 000124 ischesy2 ta 3 pmdhe” net hod of any

one of the preceding clains, wherein the step of third depositing includes
the step gf thIHedn%RRﬁbT'dﬁg éﬁ@oﬁgﬁ%éﬂiﬂ% CRIh! Hhgkih AHEstdy of BBKHd Phase
deposition. 14. The method of any one of the preceding clains, wherein the
step of tdsppeitingaydudesithystapait he step of heating are performed at |east in

part concurrengetand-depositing the precious-metal second layer by electrodeposition.

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 & 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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27 March 2007 15. The nethod of any one of the precedi ngsehgi&p200/her ei n
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-netal alumnide coating thickness at a concl usion of
the step of cleaning. 16. The nethod of any one of the preceding clains,

Wlﬂe[:?i n al?.' at'fl”ﬁéﬂ}d%ﬁpbph!?y ;)ﬂ@bﬁ!{th@btb}?&dihg%%ﬁﬁﬂl ivh@reitijlhhﬁlﬁﬂﬁio Og ﬁ&%iddﬁﬁ (60
pl atform a onc| usi on of .the step, of, .heatin s, abg i nc

M or eat eieta aminkle roRHREI RGeS 08 The pisfoll ohia fAnshEioTChe SiEPTIERRE s at a
concl usi ofy gbout 0O0$tikch 5 GG @féale thidd an Airfil pestidRrmptabhlatinide cdatias

turbi ne bl.ade which hals ﬁre\fﬁﬁuslé geéﬁ?.i n service, conprising the steps
of : provilifRgssate ceaclusionithe HER QECIAREE: has previously been in service,
the gas turbine blade having an airfoil, a dovetail, and a platform

t her ebet wen hEké ngtlRdtaffanysertef eftthe pretedingodlbionm, swefin @, pladfienme precidus-

pl atform has,neo protective gogating on.th bott om sur face | a¢ f or m
Bl eant ng. WRE! GRuRpie foding; iGacP o8 s auptt of .Sl S bo 3t Ser on
at | east hoxtiagr fsoaboufti 69025 aineh (@yipmn} @fedtdre tlzinr faoplatfoomf previaus-métaf oi |
portion of, the.first |layer, and at .|east . Latfonmf.irst-1ayer region of
the pl at f%}PWHISG ?%aiwgﬁ%ﬁg?ﬁsgf %coé%}wl%ﬁ’f @?epgft?eof?l%{m ‘ayer; second
depositing a platinumsecond | ayer overlying at |east part of the platform
portion of7.t heAfmethod Ifay protectifpargas tprtiné dladepwhichohasoprevivaskyebessdinl ayer ,
_but  not ' . ' | Lgportion of the first layer; formng a

pl at.i num%ﬁ%’%b@gn%@gtt@%%"{e@éeb%bati ng by third depositing by vapor

deposi ti on an pabvidingutive gos tarbirienijade yhichobas previeyslyaheendaservidee the gésoi |

o0 eSSk TR, § 5L FpRRG el 3RCERS e
~al um numsanfdce hed plbettomusnrface, 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 pm). '
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18. The nethod of claim 17, wherein the step of first depesiiRgrégic! udes
the step of first depositing the platinumfirst layer to a thickness of
from about 0.00008 to about 0.000125 inches (2 to 3 m. 14 27 March 2007
19. The method of claim 17 or 18, wherein the step of second depositing

i ncludes the step of second depositing the platinumsecond |ayer so that a

total thickness,of the l.ati num fi.rst |ayer and the platinum second |ayer
o from akbur  SnBmAEY of BT % 18oWasreih fiveleh af 5oBd b OGRE B, hog
of any onthestepodfai n8 17 to 19, wherein an airfoil platinum alumnide
coating thicknes the.airfoi] .at a conelusion of the st of .h Ing is
about 0. 001 1 nedhopS Qe I blatBhutsGART 1R 3D B b el ERRsn B 0 | ng
t hi cknessplatihura fiishddyesiand thé platimumt spcontl layaaisi figm adout THEOGT8t teoabonf any
one of clgj o/ ein a platformplatinum alumnide coating

t hi ckness&gqﬁ%%lé'c}pl%aésgrsm}gi' a conclusion of the step of heating is about
0.0025 inch (60 pnm) greater than a platform platinum al um ni de coating

t hi ckness2tit allkomedthed @f @fy ohe oft epimd 17| wahPngvhepein an mfdib Platimum

protecting,a: ol LGR L Rrevi ' j

Conpr i si 1 iHag oot okl Bo e bt o0 B o RNRY P B st ofRaithE &

pr evi ous| abopt@.Q01 incle(20iue )erehter Hzan ant airfbil plathivanisluminideoatingithicksiess  a
dovet ai | ’at%%n@lu?ﬂoﬂtdcf%é@tfe&bﬁf@?%ﬂieﬂ‘lgen having a top surface and a bottom

surface; cleaning the gas 1 ade; depositing a precious-netal first
| ayer on an airfoil first-layer region of the airfoil; depositing a
pr eci ous-3tet alTheemsthprd af any gmeaef icleams Yata 28f wheseip| aitplaform plasiara n t he

preci ous-giphidS 86RMG thRkBEss' oh Y R4@Emt BAR cbh@uBbE Vrans st¥pict hehbtingls | aver:
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.

15




deposi ting an al um num containing |ayer overlying at | easg—,wch 2007
precious-netal first |layer and the precious-netal second |ayer; and
heating the gas turbine blade to interdiffuse the alum num and the precious
metal . 15 27 March 2007 METHOD FOR SELECTI VE SURFACE PROTECTI ON OF A GAS
TURBI NE BLADE VWHI CH HAS PREVI QUSLY BEEN | N SERVI CE ABSTRACT A gas turbine
bl ade (20) whi Tﬁé SEEE KEGTE 6Pt cl eani ng

t he gas turbi nMFb de (g& (Jl ‘h%r@qll&r‘jgteE?epom ?Fﬁgﬂta p até;lﬁm first

| ayer on th |rf0|l A&D‘ﬁ) andthe |l atform of the sturblne bl ade
(20). There WL RE apy 56 ZAREY: fCE{ he platform
(28) but not the ai rf0| | (22). A platinum alum nide protective coating is
formed by depositing an al um num contai ning |layer (80) overlying both the
platform (28) and the airfoil (22) and interdiffusing the platinumand the

alumnum Fig. 2 16 | ABSTRACT

A gas turbine blade (20) which has previously been in service is protected by cleaning
the gas turbine blade (20), and then first depositing a platinum first layer on the airfoil
(22) and the platform (28) of the gas turbine blade (20). Thereafter, a platinum
second layer is deposited over the platform (28) but not the airfoil (22). A platinum-
aluminide protective coating is formed by dépositing an aluminum-containing layer
(80) overlymg both the platform (28) and the airfoil (22) and 1nterd1ffusmg the
platinum and the aluminum.

Fig. 2
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