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protective coating components formed from superalloys typically cannot withstand

long service exposures if located in certain sections of a gas turbine engine, such as
the turbine, combustor and augmentor. One such type of coating is referred to as an
environmental coating, i.e., a coating that is resistant to oxidation and hot corrosion.
Environmental coatings that have found wide use include diffusion aluminide
coatings formed by diffusion processes, such as a pack cementation and vapor phase

processes.

Diffusion processes generally entail reacting the surface of a component with an
aluminium-containing gas composition to form two distinct zones, the outermost of
which is an additive layer containing an environmentally-resistant intermetallic
represented by MAI, where M is iron, nickel or cobalt, depending on the substrate
material. The MAI intermetallic is the result of deposited aluminium and an outward
diffusion of iron, nickel and/or cobalt from the substrate. During high temperature
exposure in air, the MAI intermetallic forms a protective aluminium oxide (alumina)

scale that inhibits oxidation of the diffusion coating and the underlying substrate. The
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containing platinum referred to as platinumalum nide co ijﬁg’ ,OO re
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these coatings under certain circumstances. For example, removal may be
necessitated by erosion or thermal degradation of the diffusion coating, refurbishment
of the component on which the coating is formed, or an in-process repair of the
diffusion coating or a thermal barrier coating (if present) adhered to the component by
the diffusion coating. The current state-of-the-art repair process is to completely
remove a diffusion aluminide coating by treatment with an acidic solution capable of
interacting with and removing both the additive and diffusion layers. An example of
such a process is disclosed in commonly-assigned U.S. Patent No. 3,833,414 to Grisik
et al. The Grisik process relies on lengthy exposures to an aqueous solution of nitric

and phosphoric acids, followed by treatment with an alkaline permanganate solution

to completely remove the coating.

Removal of the entire aluminide coating, which includes the diffusion zone, results in
the removal of a portion of the substrate surface. For gas turbine engine blade and

vane airfoils, removing the diffusion zone can cause alloy depletion of the substrate
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Therefore, rejuvenation processes have been devel oped for 5| tuations in
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diffusion aluminide coating are desired, particularly for those components that have

~undergone rejuvenation to have an excessively thick aluminide coating.

BRIEF SUMMARY OF THE INVENTION

Herein disclosed is a process of rejuvenating a diffusion aluminide coating on a
component designed for use in a hostile environment, such as superalloy turbine,
combustor and augmentor components of a gas turbine engine. The rejuvenation
process of this invention may involve removing part or all of the additive layer of a
diffusion aluminide coating with minimal attack of the underlying diffusion zone,
such that alloy depletion and thinning of the underlying substrate does not occur. The
component may then be re-aluminized to restore the additive layer of the coating.
While potentially useful for a variety of situations, the process of this invention is
particularly applicable to a diffusion aluminide coating that has been recently

deposited on a component before the component has been placed in service,




interdi ffusion may have occurred between the conponent substra](té’e and the
additive layer. The process of this invention may involve IdJu t%qqa t he
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essentially of nitric acid and phosphoric acid at a tenperature of about
70C to.about 80C until at least part of the additive |layer has been
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when the diffusion alum nide coating on a gas turbine engine has been
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di ffusion alum nide coating conprising an additive |ayer on a surface of
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refurbished by the process of this invention may be significantly improved over that

possible with prior art methods. While not wishing to be held to any theory, it is
believed that the substrate is not attacked because the acid solution is selective to
aluminium at the prescribed temperatures. In addition, if the diffusion aluminide is a
platinum aluminide, the platinum content of the coating appears to act as a catalyst for
the selective removal of aluminium. The process of this invention is most effective
with a diffusion aluminide coating having only limited interdiffusion, such that the
additive layer and the diffusion zone are well defined, as is the case when the |
diffusion aluminide coating on a gas turbine engine has been rejuvenated but before
the component has been returned to engine service. As discussed above, a notable
example of such a situation is when a coating has been rejuvenated but the resulting

additive  layer is excessively thick for its intended application.




bel ow the additive layer and in a surface region of the conpaonent, the
process conprising the steps of. treating the diffusion all %Wﬁﬂﬁgscoating
to an aqueous solution consisting essentially of nitric acid and
phosphoric acid at a tenperature of about 70 C to about 80 C until at

| east part of the additive |layer has been renoved but the diffusion zone
remai ns, thereby establishing a treated surface of the diffusion alum nide
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turbine benﬂl Bgfﬁtreatl ng t.he diffusiaon, al um nide cogtl ng t o an aqueous

sol ut i on"Bdfie FEfISHE 29pe TRy Bpekios isfoRacHials: Priee abig AiFidbout 50
vol-une psluggiitle pheisphdepbsitiag b Platinu lay@HRaheirbdied QfrfaBaht féhtirgtlie about 80
C for a duration o bgﬁ%p Q to ,about 30 mnutes to renove at . least part

| i
of the atAIFRQNFRE toglifse g laver 9te theAmssisd surars: and theg lWRINIZIAY abl i shi ng
a treat efiestenfed carfaie of i@ ddinforedion al um ni de coating on the conponent;
depositing a platinumlayer on the treated surface; heat treating the
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R process comprising the steps of: removing the component from a gas turbine engine
after the gas turbine engine was operated; aluminizing the component to form a
rejuvenated diffusion aluminide coating having an additive layer with a thickness in
excess of 100 micrometers; before placing the component in service on a gas turbine
engine, treating the diffusion aluminide coating to an aqueous solution consisting of
about 50 volume percent nitric acid and about 50 volume percent phosphoric acid at a
temperature of about 70° C to about 80° C for a duration of about 20 to about 30
~ minutes to remove at least part of the additive layer but the diffusion zone remains,
thereby establishing a treated surface of the diffusion aluminide coating on the
component; depositing a platinum layer on the treated surface; heat treating the
component to diffuse the platinum layer into the treated surface; and then aluminizing
the treated surface of the component to form a second rejuvenated diffusion aluminide

coating having an additive layer with a thickness of not greater than 100 micrometers.

Other objects and advantages of this invention will be better appreciated from the

_folldwing detailed description.,
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Figure 2 represents a cross-sectional view of a diffusion alum nide coating
on the blade of Figure 1. DETAI LED DESCRI PTI ON OF THE | NVENTRoNOGhe
present invention is generally applicable to conponents that are protected
froma thermally and chemically hostile environnent by a diffusion

al um ni de coating. Notable exanples of such conponents include the high
and | ow pressure turbine nozzles and bl ades, shrouds, conbustor |iners and
augrent oBRIEF dYEHERIFTIQNOF THE DRAVENGSHes. Wil e the advantages of this
invention are particularly applicable to gas turbine engi ne conponents,
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conponent fromits environment. An exanple of a high pressure turbine blade

10 is shoigure 2 fep@bdts 3.crdRGeDieP vikd: of@NBffAdibY alisinde c%jaﬁlf(ljg)bh A2 and
pl atform 16 agai nst_ whi ch hot conbustion gases are directed during

oper at i oRlage of Kiguigas t ur bi ne engi ne, and whose surfaces are therefore
subj ected to severe attack by oxidation, corrosion and erosion. The airfoil
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a root section of oles 18 are present in the
airfoil 12 through which bleed air is forced to transfer heat fromthe
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(CVD), thebigh engint SothporRasetiel teachthab odtheinvi@ihre descralBuiphlibshleised. 5 11
July 2006 Diffusion alym.nide coating conmpositions_are oxidation-resistant
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during expn eﬁtﬁﬁg}rﬁgs%}{@ig&gm&emeratures. The al um na scale protects the
under | yi ng superall oy substrate from oxidation and hot corrosion.

An example of a high pressure turbine blade 10 is shown in Figure 1. The blade 10
generally has an airfoil 12 and platform 16 against which hot combustion gases are
directed during operation of the gas turbine engine, and whose surfaces are therefore
subjected to severe attack by oxidation, corrosion and erosion. The airfoil 12 is
anchored to a turbine disk (not shown) with a dovetail 14 formed on a root section of
the blade 10. Cooling holes 18 are present in the airfoil 12 through which bleed air is
forced to transfer heat from the blade 10. Particularly suitable materials for the blade
10 include nickel and cobalt-base superalloys, though it is foresecable that other

materials could be used.

Represented in Figure 2 is a diffusion aluminide coating 20 overlying a substrate
region of the airfoil 12. A typical thickness for a diffusion aluminide coating used on
-gas turbine engine components is about 50 to about 125 micrometers. As known in
the art, the diffusion aluminide coating 20 is formed by an aluminizing process, such
as pack cementation, vapor phase (gas phase) aluminiding (VPA), or chemical vapor

deposition (CVD), though it is foreseeable that other techniques could be used.
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The coating 20 is schematically represented in Figure 2 as bei ng conposed
of an additive layer 22 overlying the surface of the bl add!Yoly 2408 a

di ffusion zone 24 in the surface region of the blade 10, as is typical for
all diffusion alumnide coatings. The diffusion zone (DZ) 24 contains
various internetallic and netastable phases that form during the coating
reaction as a result of diffusional gradients and changes in el enental
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been deposited to an excessive thickness in a process of rejuvenating the

coat i ng Bderntadli¢ phage disl ivbare Mrivizes sidiel ohdobaltndepandingon thesusitite of

renovi ng_the. addi.tjve.l.ayer. 22 without.. . damagi he. substrate nmaterial of
he ai r raersBmsbly FaRHAE g alstales Nipee ay bR cheRit R fE BTt i ng ¢ he
di f f usi opyyad e temE8IRkH BY intARiubink intd th&E&datihg f%écrekdo&h&geléﬁérﬂé,'sﬁéh

cont ai ni ng phosphoric acid (H3PO4) "and nitric 11 July 2006 acid (HNGB). A
sui t abl eat pmbiavin; jchrohigm, tsilecost rheitemg hafbiwn, giriwg, ansly ziredniwre. pEecent ,

about 25%.1 0,abeut ,.75% phosphari c aci ont ai ni,ng,about 85 wei ght percent
oo - i a? Blasbi? RIGRANR G B pMh-GRBLEE S RitRRIne Bl RN el i ng
about 751a\9uaimﬁonta@@g(@e)p¢mlzlt~§@3h(tg,@h@ﬂﬁ@pmbgr). A preferred sol ution

cont ai ns equal anounts of phosphoric and nitric acids at these specified

concentratjions, i.e., prepared by ] )
Diffusion aluminide coatings of thé type described above are the most widely used

environmental coating for protecting turbine hardware because of their relatively low
cost, simple equipment and coating operations, and the ability to be deposited without
plugging air cooling holes. Due to high material and manufacturing costs, superalloy
components having damaged or flawed diffusion aluminide coatings are repaired on a
routine basis. The process of this invention is directed to the rejuvenation of the
diffusion aluminide coating 20, and more particularly to removing at least a portion of
the additive layer 22, such as when the additive layer 22 has been deposited to an
excessive thickness in a process of rejuvenating the coating 20. The rejuvenation
process of this invention is capable of removing the additive layer 22 without

damaging the substrate material of the airfoil 12.

- The repair process of this invention entails contacting the diffusion aluminide coating

20 with an acidic stripping solution containing phosphoric acid (H3PO,) and nitric
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conbi ni ng, by volume, about 50% phosphoric acid contai ni ng _about 85 wei ght
percent H3PO4, and about 50% nitric acid containing about Tl per cent
HNO3. When a diffusion alum nide coating is contacted with the acidic
stripping solution at a tenperature of about 70C to about 80C (about 160F
to about 180F), preferably about 75C (about 170F), for a duration of about
20 to about 30 m nutes, preferably about 25 mnutes, the additive | ayer 22
is stripped (MNPs)a Anduifiable @omiposifiors Biralet tripping welution ispbyresismegleteentat t ack of

t he under| yi.ng, ral Loy substrate.. Below th referred te ture
range, tﬁéglg_c |/?/?(f§b°61f H?r@e&%‘? CAfq ‘éoqtﬂglﬁlgfag@!%eﬁ%tw ‘ﬁ?%ﬁ’fﬁ%%h “‘additive
| ayer 22 (balirideavdtéaindeibbut 3% e abdilt T5vPRNEadiflicnthRNBSLeaN7S Qeht I N
attack of the _superalloy substrate. The acid solution of this invention

appear s Pgrcgal ENGs thalange tveaier). af uptcfrured gsdtiane comdaing efal t 4mowits ofisi on
al um ni dey,) -pl.atsi 1 [ . erefore.cont.ain | at,i pum
i nt er met ?H)%é@n@v@?ill gﬂﬁ% ta%cwg Eavcﬂﬁs%ra]%g%ﬁ%&s]p{?gﬁnéﬁggl%d lff’e%re%flrse(d, | 65ed in

U. S. Pat eotbdiing, 38 38lubied aboutGs0%i fh@bhadic ,acidheirtaiting At 83 waight ocess of
conpl etelg st ri ppi ngq di ff@si on. al um ni de coat i n7%, and not for the limted
pur pose SFrCeRigRSI sy ‘f/lal?oé‘ﬁﬁ forgrigrckeantayiag phow Soreightersens H)YOal uni ni de
coati ng. vHAeGAHGeObn biteni Ingl; i | PR O GriBPinb ! he

al um ni um of the agltlji t vnzi%le;é%;den lég?lﬁéﬁ%ée&l%#@glﬁlét%ﬁggﬁgg#ggb@ﬁgﬁr%e%oval of
an exces &mpsraturenofcdboati 00 teeaticmy 80°C (ghoyt 1609F @xabess 1 80°Fy rmetetably) , as may

result froma.tejyve Is rogess. T l.ectjvity of the siripping

sol ut i onagosut%sé (%{’&’\‘}m‘l\gg&ﬁ%a waﬁﬂgogggqq?ﬁa t%@*’%so'%ﬁwme%é@ﬁ%e b&h

t enper at Wbdut 98 hvin6Rs, (the &dditidd18yd224e sthiPpbAwitAAthifieR el P St1abd G e oper at ed
in a gas turbine engine), so that Iimted interdiffusion has occurred

bet ween Bpeneasu@ble afiagle odlthe ynderheng deperalloy subyieate.2 Badow thtgrefefrédisi on zone

24. Once addi tiv l-ayer .22 of the..origjnal coating,20 is

r enoved, teﬁé@%&%ﬁ%ﬁ’ \?lgé %‘%’;tlvley 0513 § ﬁ%luﬁ%% 15 e ’PWP% nedQvE gﬁe B‘gdlﬁ}é%osi t ed

Wi t hout Hiyyr P2,sWhidé trehthyit eefeitines aBonk iHid Riticd Ga@freduliein atfadiedfhag
substrate. If a platinumalumnide coating is desired, a flash of platinum
(e.qg., appsralloysubsieaie biercd poluion ekthissigyention appeaie posslactivielargtaek f f used
into the . y ri : j [ I d 1. i ppi ng
operati O?ll |n?lg4.1’, pfglﬁgéigﬁ?f%gt?gn(ﬁgﬁégﬁlgﬁzﬁh &Lngécljé 5%327’ ? feéﬁg'?lﬁi %lgx‘b%‘?% %}ﬁ({ of the

or i gi nal thackdorei coatairayéatin®d®) intebmstallidb IWhibs aites acifl and phlbsphoise Agidtdae pl ati num
| ayer hours .at about 1050C (about

i t her. treat nent_ of about tv
1925F) ' S%@%‘B?‘i%égﬁisr 5@@%&»%#@“&56@&"@ °f & fhgibpsepiassior aInieRess 8f ng (VPA)
E?Lf or Meghrdlef@ls! SAPSHAL Wi Busitin ARAH e QAR (Mt 1ok thOTimed Phffos@Br of about

completely removing an additive layer of a diffusion aluminide coating.

Because of the selectivity of the stripping solution to the aluminium of the additive
layer 22, the invention enables the removal of an excessively thick additive layer
(e.g., in excess of crometers), as may result from a rejuvenation process. The
sclectivity of the stripping solution is most advantageous if the coating 20 has not
seen high temperature service (i.e., the blade 10 has not been installed and operated in
a gas turbine engine), so that limited interdiffusion has occurred between the blade
superalloy, the additive layer 22 and the diffusion zone 24. Once the excess additive
layer 22 of the original coating 20 is removed, a new additive layer of the desired
thickness can be deposited without any risk of alloy depletion and thinning of the
underlying substrate. If a platinum aluminide coating is desired, a flash of platinum

(e.g., about two micrometers in thickness) can be deposited and diffused into the

7 .




hours. Ot her diffusion alum niding processes could be used, antj arg
therefore wwthin the scope of this invention. During an iﬂ\}égyi%?g i on

| eading to the present invention, high pressure turbine (HPT) blades were
treated with an acidic stripping solution of, by volune, about 50%
phosphoric acid containing about 85 wei ght percent H3PO4, and about 50%
nitric acid containing about 75 wei ght percent HNOC3. The bl ades were
formed ofsugfaes ofidhe aipiadd 2 exppesddlyl thy stkippimg opsrafiem 6.¢L.4Re diffistoaviong24 noni nal

conposi ti_on, i.ght f ut. 129 al 6-.8% chrom.u 6. 15%
al lrIPn ni ur%%f‘.n g&ﬁ%ﬁ%bgg&@ﬁt&’% Oﬁ%%ngﬂf%gﬁgﬁ? ia@e@%&i ﬁPﬁ%ﬁ]g}of?%% F heni um
1. 5% haf riiffimingthé plitiaamborer isdtheni HoedimdaobPibout R RakaneBoni Wsebc and

i nci dent il i rTEurioti es. The bl ades were protected by a_ platinum alum nide
coating AUt 3P Bheft suikihls enalRinizBe PEtassLin VapRTinhasealpmiiding (¥R A)

t hi cknes i 0 ' , i,C cessive
for the i’%‘;f?ftéﬁ‘ﬁ?ﬂﬁta@ ?@gt {)%%Q&Ph”ﬂgﬁ gméebg’ql\?velrfgpgo%fracfneg?%ﬂﬁﬂsﬁ e

st ri ppi ndrosssl Wthemliffusian alueripidingtproceseds cabldte ubéd)fand abothieref&e)wiflds  a
duration_of about.twenty-five mnutes, resulting in the additive |ayers
bei ng cofifl ??93?9&;1& O%i t hout damagi ng the underlying superall oy
substrate. Follow ng renoval of the additive layers, a flash of platinum

‘was pl at grhriag ahhﬁve@ﬁgﬁmdeasﬁﬁg ac88 plselthBvdtisd asigh gmsﬁﬂe Webfe (19T heat
treated at about 1925F (about 10_508)_ to diffusion bond the platinumflash,
and t henblades aveseritighteé dvitly apracidic siripping sphition @fpby atsdume,1880F 04bout

1040C) f [ . tosix. hours. While the invepti.on has been
descri begl:lcl)%h?lceiérJ £n°§& Sﬁﬁgﬁkﬁgaggﬁtr %%Wgﬂggg%ﬁr%mﬂ) ’ apg ab%‘%pﬁ /‘teﬁl?“ct ?‘fé‘f ot her
forms coubitainimgedbopt EolwbighopercaltiIHNOY The bhgestwére fhhedXPdRicRel-Habd S
invention is also applicable to a diffusion coating used as a bond coat for

a t her mafuPErioy kiowigay Ryme 143 endshayingen nomdnal seompositioni hn-waghsephit ur e
f j 01 ne. i . <d/h f b
conponentg,efi53; %ﬁ?ﬁ,%ﬁ%“ﬁ-‘mﬁ%‘@g“% 15%%13@1111%94 51.54, foRb8s: ,14.%?y 2006

invention is to be ''mted o Yy the oW ng "~ cl al
d ai ns 1tunfstpn,0e®¥s thalume 21896 danivig, RSP laihiomrod0% eirbon) gndi0fF1¥%d on

al um ni dg coati on a conponent follow ng deposition of the diffusion
al umi ni d O@Ba{hieﬁ’gla&ﬁednﬁg‘?l&“g mf)‘gﬁ%t?]n’&lﬁ“ﬁ@e% ohPoRiedes Weresplected byta an

el evat edpl.iRg ainihRle cbithglhhi 11N AtV Hed% form an additive layer whose
' thicknesses were in excess of 100 micrometers, which was deemed excessive for the
particular application. The blades were contacted with the stripping solution at a
temperature of about 170°F (about 75°C) for a duration of about twenty-five minutes,

resulting in the additive layers being completely removed without damaging the
underlying superalloy substrate. Following removal of the additive layers, a flash of

platinum was plated on the exposed surfaces of the blades, which were then heat

treated at about 1925°F (about 1050°C) to diffusion bond the platinum flash, and then
re-aluminized by VPA at a temperature of about 1900°F (about 1040°C) for a

duration of about six hours.

While the invention has been described in terms of a preferred embodiment, it is
apparent that other forms could be adopted by one skilled in the art. For example, this
invention is also applicable to a diffusion coating used as a bond coat for a thermal-
insulating layer, as is often the case for high-temperature components of a gas turbine
engine. Accordingly, the scope of the invention is to be limited only by the following

claims,
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coating conprising an additive |layer on a surface of the cqonponent and a
diffusion zone below the additive |layer and in a surface riédpbfr?-o@? t he
conponent, the process conprising the steps o treating the diffusion
al um ni de coating to an aqueous solution consisting essentially of nitric
acid and phosphoric acid at a tenpqrgigy € of about 70C to about 80C until
at least part of the additive |ayer has been renoved but the diffusion zone
remai ns, thereby establishing a treated surface of the diffusion alumnide
coating; !depo$i PIofess donrciivendiing aplefingn-con@ining difbigion plyrminide 9ating t r eat i ng
the conp i f : 2t N¥EkiohMiGminie: ace; and
t hen al u%ﬁﬁjnézoin%%ntgﬂﬁefop r%g'g}[ggcgeﬂghﬁ)%c’&g@%% a%fﬁlglogggrlrponentwaggé Eﬂ %P %tbéss
accor di nglacingcharomponenhir ssrvice hicarnejereders tepgietaturonthe difisidrsalomimide ri ¢ aci d
HNG3, ph ri i ..and water. .3. rocess accordi t.o any one
of the p?é@@giéﬁgpglgggr@? f‘%%‘?eelaxert%lea a‘i’rffﬁ‘cﬁs(ﬁo ce ﬁnﬁﬂ?%% 835 80‘%&%‘&“ S
treated kare Belouthd additiof lagboattd A §usfaeb eetios 0f thenvignert, the R6@EESS

one of .the preceding clains, wherein the agueous sol ution

accordi n? to.algg/ )
is at a PYMAY @FéFGBF °fhout  75C and the diffusion aluninide coating is
treated for aweindt ilendidhsioR UHmmdeTLoiiBSto h afudu® GRARICACERALEIRY Lo any

one of the preceding clains, further conprising” the ste?s of depositing a
pl at i nunfIssatally of nithe acideandathosphoris @gidfas 2l tempergturs ef shosa79Hgtlo shosp, and
then heagodd gafii NSarf : ' '%H:[T(E- er Lo the
treated surf_glgel aE%‘agre tﬁf;@g:ag&rg%% %yg\llgflgsstt% %Ptrgﬁﬂﬁéd%qty 2 g@&gﬁ Zh\ﬂ%r ocess
accor di ntgmadnsafhgrebyestablisheg pireatetisunface bhiheslj fiwsier dumitidecdtifig;usi on

al um ni de coat]j 1S _present, on t 0 nept as a result of al um nizing
t he corrponen{lépggthgg atpaaelnmg?{eoﬁt%%ﬁgar{%gﬁgpﬁﬁ ‘aced in service at an
el evat ed t enphsadtiteating the AoMpbos®s 3o aliffdedihdOplh@meh dhyer GintoMiRr Rédled he

di ffusion Iu.néli#ii de coating I1s present on the conponent at a thickness in
excess of"H68 M hGneters prior to the treating step. 8. A process

according to ﬁﬂ%ﬁﬁﬂﬁg‘ﬂie&é&@ed@u@ﬁé‘é’&ﬂﬁe EbRpdRnt Wherein the conponent is a
gas turbine engi ne conmponent, and the diffusion alum nide coating is
2. A process according to claim 1, wherein the aqueous solution consists of nitric

acid HNO;, phosphoric acid H;PO,, and water.

3. A process according to any one of the preceding claims, wherein the diffusion-

aluminide coating is treated for a duration of about 20 to about 30 minutes.

4. A process according to any one of the preceding claims, wherein the aqueous
solution is at a temperature of about 75°C and the diffusion aluminide coating is

treated for a duration of about 25 minutes.

5. A process according to any one of the preceding claims, further comprising
- the steps of depositing a platinum layer on the treated surface following the treating
step, and then heat treating the component to diffuse the platinum layer into the

treated surface before the aluminizing step.




present on the conponent as a result of alumnizing the con‘&onﬁgi fter the
conponent was installed on a gas turbine engine, the gas t ket gi ne was
operated, and the conponent was renoved fromthe gas turbine engine. 9. A
process according to any one of the preceding clains, wherein the diffusion
alum nide _coating is present on the conponent at a thickness in excess of

100 microfis pfhilBPeass a¢aeeding aanyrrpesiidbe pregeding plaisess sderit bediffigsiano any one

of the pr i . |.Aal in the treati step.re es. substantially
all of th%ﬁgl%??ic&géﬂll y%rp\égs%'?& eéheng?m%%ﬂ?&ggstfhée%}ﬁ Pgoflumjpgé'?%ﬁﬁeof t he
conponent gordgoneft & €RSoniRhcitdab¥eRalhRg iR sQVRE WNADICAMAEMbAL R f f Usi on
al um nide coating on a gas turbine engine conponent forned of a nickel or
cobal t - base superalloy, the diffusion alumnide coating conprising an

addi ti ve T-ayerAoprogess wcéardmgad déim 6cwhpoietite diffisian divrbiugicowatingés bel ow
the additive layer and in a surface region of _the conponent, the process
conpri si ngFeEsd Og‘ttéf)sco’@l’.c’n?néﬁb\?itﬁ’gf 78 1B SRl 0P rBisromees nogr k9 M€ engi ne
after theggas tsléﬁapi ne engi ne was operated; alumnizing the conponent to
forma re uveﬁta ed diffusion alum nide coating having an additive |ayer
with a thickness in excess of 100 mcroneters; before placing the conponent
in servicg on A gaseisuadiondingngi aey dnkeaf ithg pré@dingl thisd, owhakinnidy de
coating to an aqueous sol ution consisting of about 50 volune percent
nitric acfAMRERENtS@Eas 5obins|cagime sempenentpnsstbh diffusiancileminideacoatingés at ur e of
10 11 Jul ezeo 6_about 70 C. tto about 83 . far. a %ration of about 20 to
about 30 HFHT & {1 PEMBURT 4 £ aYlt (04, Fugniping RGaramTRABSRa EST Mift t he

di ff usi onerARMCAHENR iRStalldd G £5% rﬁl%ﬁr?ebéd | B As h&ﬁﬁ@%ﬁ%ﬁéﬁ&%?‘éﬁ%ﬁt@ﬁ the

di ffusion al'um ni de coating on the conponent;” depositi Inum | ayer

on the t radtthelcanpdmoewadreatoved &a thg ghdwartinepgient to diffuse the platinum
| ayer into the treated surface; and then alumnizing the treated surface
of the copponent to forma second rejuvenated diffusion_ alum nide coating
havi ng an’-addi®iPieeera3srrdipg 1 aryone ok Hiesaregrlingoglaigise whesein tha difuspm

m Cr Onet €fifninide coating is present on the component at a thickness in excess of 100 microns

prior to the treating step.

10. A process according to any one of the preceding claims, wherein the treating
step removes substantially all of the additive layer and does not damage the surface

region of the component.

11. A process for rejuvenating a platinum-containing diffusion aluminide coating
on a gas turbine engine component formed of a nickel or cobalt-base superalloy, the
diffusion aluminide coating comprising an additive layer on a surface of the
component and a diffusion zone below the additive layer and in a surface region of
the component, the process comprising the steps of:
removing the component from a gas turbine engine after the gas turbine engine
was operated;
| aluminizing the component to form a rejuventated diffusion aluminide coating
having an additive layer with a thickness in exc;ess of 100 micrometers;
_ | before placing the component in service on a gas turbine engine, treating the
diffusion aluminide coating to an aqueous solution consisting of about 50 volume
‘percent nitric acid and about 50 volume percent phosphoric acid at a temperature of
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12. A process according to claim 11, wherein the agueous sol ut{ on _consi sts
of 'HNG3, H3PO4, and water. 13. A process according to cl aillan‘j‘Li’,zo erein

t he agueous solution is at a tenperature of about 75C. and the diffusion
alum nide coating is treated for a duration of about 25 mnutes. 14. A
process a cor%on(g to claim 1%(,) further conprising the steps of depositing a
pl ati num éI‘ﬁ’.&’ﬁz‘te o P 1RBOYER03 (e dors dyraiien eiabosithtp abrut 10 WiULFsJo §e8He and t hen
heat treafi iaf £ . | atin Layer .into. the treated
surt ace o S pd e BOTRARGCy LR e HAERbR o Bl e Y Gl o 1 1
Wwher ei n teitdd Refabdf th SFfdsRAMNGEIniGURatANbA Blolbmpbher®f the additive layer
and does not damage the surface region of the conponent. 16. A process
accordi ng to cdeposting 2 pletisvmilaydr e thet emtal suafaceri ni zing the treated surface
is a vapor phase, al um ni.ding process., 11 11 Jyly 2006 P SS F
REJUVENATI NG A8} Eegigisotieas %%E%d@mdﬁmgﬁm(fwebﬂﬁf@e ‘Bqa%

rej uvenatd pgoa ditfdysi on alum ni de coating (20) on a conponent (10). The
‘rejuvenation process involves treating the coating (20) with an aqueous

sol ution of nilihinziag i@ tRAGIRAEERNEIthE c@tbshedifol thridb sb@Rdlrejpdélatedl t he
~additive |ayer (22) of the coating (20) has been renoved, but the

di f f usi orﬂlﬁﬂ);ﬂen ehminidadenting hayingen additive Vayer wither thidkapss effvedtrgeatdhe
exposed stHrfme of the conmponent (10) .is then re-alum nized to deposit
addi t i ona L HOHIYRFES: bui | d up the additive |ayer (22) to a desired

t hi ckness. The process is particularly applicable to a diffusion alum nide
coating (10) it : )t ; n
excessi vellés th}ig K %eg%iﬁ%%&\%gﬁg f!g;%?hl( gg)‘gﬂ%{%gc%rgﬁgg% Sg)&’g%ogo%ﬁl%?eéﬁ%fa( 10)

bei ng r etHiNOgH O sardwater. Fig. 2 12

13. A process according to claim 11, wherein the aqueous solution is at a
temperature of about 75°C. and the diffusion aluminide coating is treated for a

duration of about 25 minutes,

14. A process according to claim 11, further comprising the steps of depositing a
platinum layer on the treated surface following the treating step, and then heat treating
 the component to diffuse the platinum layer into the treated surface before the

aluminizing step.

15. A process according to claim 11, wherein the treating step removes
substantially all of the additive layer and does not damage the surface region of the

component.

16. A process according to claim 11, wherein the step of aluminizing the treated

surface is a vapor phase aluminiding process.

11






