11 July 2006 PROCESS FOR REJUVENATI NG A DI FFUSI ON ALUM NI CfﬁglyG FI ELD
OF THE I NVENTION This invention relates to. diffusion coatiﬁgguy 00
conmponent s exposed to oxidizing and corrosive environnents, such as the
hostil e environment of a gas turbine engine. Mre particularly, this
invention is directed to a process for rejuvenating a diffusion alum nide
coating without entirely renoving the coating froma substrate. DESCRI PTI ON
OF THE RELATROGHSS EP&H%EJLB@MT&@AW&RQN AL UMINIGEECONTBNAe engi nes
are continuously sought in order to increase their efficiency. However, as
operating tenperatures increase, the high tenperature durability of the
conponents of the engine nust correspondingly increase. Significant
advances in high-tenperature capabilities have been achieved through the
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through the formulation of nickel and cobalt-base superalloys, though without a

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




chem stry of the additive |layer can be nodified by the presggcia;é)ta t he
al um ni um containing conposition of additional elenents, dd My, BI ati num
chromium silicon, rhodium hafnium yttriumand zirconium Diffusion

al um ni de coatings containing platinum referred to as platinum al um nide
coatings, are particularly widely used on gas turbine engi ne conponents.
Platinumis typically incorporated into the coating by electroplating a
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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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2 11 July 2006 surface and, for air-cool ed conponents, excessively thinned
walls and drastically altered airflow characteristics to ﬂﬁéubﬁﬁéﬁt t hat

t he conponent nust be scrapped. Therefore, rejuvenation processes have
been devel oped for situations in which a diffusion alumnide coating mnust
be refurbished inits entirety, but renoval of the coating is not desired
or all owed beca%Fe of , the effect on conponent |life, Rejuvenatjon processes
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and the conponent re-alum nized. However, if the conponent has been

pr evi ousRgiuvenatiopi sresessey geacialy entail ailearing dee coefatan @fcongsinmoskyt, r enpved,
t her eby i It |l ,thickness,. it my be cessary. to,scrap the
corrponen{(.gl r gm’B?hé g%n\(%g?d'ﬁ%h‘%@n ag%mggbl}ge#%%eﬁsdqﬁﬁatﬁew%ﬁo '8t hods f or
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thi ck al ym ni de coating. BR|LEF SUMVARY OF THE | NVENTI ON Herein djsclosed is
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conbust or and augnent or conponents of a gas turbine engine.
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From the above, it can be appreciated that improved methods for refurbishing a
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,




deposited on a conponent before the conponent has been placed jn service, 3
11 July 2006 and particularly to a coating that was rejuveﬂéﬁg 90 the
resulting additive | ayer was deposited to an excessive thickness. In this
case, because the coating has not seen service, such as in the el evated
tenperatures of a gas turbine engine, limted interdiffusion my have
occurred between the conponent substrate and the additive |ayer. The
process @&hd pasticulagly do icoatingia wsorcinyepated butige resaltingradditive haysr Wik ni de
coating g Lk . i LSELN i all: i,tric acid and
phosphor id\gb%%ie%@%tﬁﬂ %ﬁgﬁlnv%g#g%egg g@‘&g%g%%e, %‘%ﬁﬁegmgb%ﬁtd%g% ﬁé\ttslreieﬁat | east
part of tsbeiddiuth \as Inayter eleasted Hempemaney e Highs ttdiubsgingt Bmitedai ns
unaffectg&. The.exposed treated . surface of the conponent y .t hen be
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without attacking the substrate, such that alloy depletion and wall thinning of the

substrate does not occur. As such, the reliability and service life of components
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.




exanple of such a situation is when a coating has been rejuvenated but the
resulting additive layer is excessively thick for its int 2006
application. 11 July 2006 According to a first aspect of the invention,
there is provided a process for rejuvenating a platinum containing

di ffusion alum nide coating on a conponent follow ng deposition of the

di ffusi on alum ni de coating and before placing the conponent in service at

~ an -el evapeeordRigPes at Wir®, adpB& Of fthe!ShoshtRhUThaE A8 £0%Hded%a FOERE if8} Ng an
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the addi f9VEnpRE 2 BRENTH-cqnighing diffpgen @i“ﬂ“qehéoaéléﬁp@hé‘nt?‘?mi’wnbrocess

conpri si fglobwhigg Seppstict of tthealiffidoh hudididd ShhghdHREFE MS3As MR 1O an
aqueous solution consisting essentially of nitric acid and phosphoric acid

at a t enfREPERNERE Iy SeIvis it any plevated, tepperptugg the diffiasion plunypide 69aHBE of t he
addi ti vecdrapsiinfan ddaRiverleyRVda shkthcd bE il EdrisdrRRt aRNe diffliRbA$ond her eby
est abl i SHI n‘g' trqed%ed surfaqc)e of the diffusion alumnide coating;
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-conponentorhprighgd fhes StephafphRitinplMd aiffiisidn hiRntifidce (do8aiE do Shir Bt?.ﬁa@hs and then
al um ni zn} . the treated s {f e of the copponent. According to a_second
aspect of° FOSKEAS SFSRURNY; PritriaRaid apd phesphoireacid abpdemperatugs of

rej uvenagbong 7e° P 13taboutndoc AN tiatilnit Méhstlpirt BS tHRMdal eIl e Ba Beth B/o0sd 2 gas

turbine , engi conponent forned of a njckel or cobalt-base superall oy, the
di 1 usi of L (FFSIHEZoRg Seraics- dBRFErY SYPhlishiE dceratad wrbsg of e BUSRN f ace of

t he conpslugitidedehting; dipbtitiag @ plaEianm gty thbgeasdirie, HeayQbatiapdhd N a
surface regi on of e %ﬁ onent, the ?rocess conmprising the steps of.
renovi ng® n@BtrFBdﬁ’gPﬁe ¢ Blaitury Jayer ity fhedTestng; syeface; ppd thep RUMBIRZIRG  bi ne
engi ne Vs teped atudste ofihedoiipehag. t he conponent to forma rejuvenated

di ffusi on al um nide coating having an additive layer with a thickness in
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R
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a treat egeiiibh 368fe Bllob e BdifidtS1agd Maila NG SRR (RY cdifonent, 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
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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conponent; depositing a platinumlayer on the treated surface; heat
treating the conponent to diffuse the platinumlayer into{H8ly%08@at ed
surface; and then alum nizing the treated surface of the conponent to form
a second rejuvenated diffusion alum nide coating having an additive |ayer
with a thickness of not greater than 100 m croneters. O her objects and
advant ages of this invention will be better appreciated fromthe follow ng
det ai | ed RIIEEMERCRIRTIAN OQH THE HPRAGIMNERI EF DESCRI PTI ON OF THE DRAW NGS
Figure 1 is a perspective view of a high pressure turbine blade of a gas
turbine engine. Fiqure 2 represents a cross-sectional view of a diffusion
al umi ni d&IEHG] FRPSTPERE VIEW A AR RFSHRAUPICe0] ol R EsRBResPERR oF THE

| NVENTI ON The present invention is generally applicable to conponents that

are prot ggguee 2f feprisénts b hesd¥Blettional ¢iesh 81k Caffhdloh QRinihRIc QRMIALBABRAE by a
di ffusion_ al umnide coating. Notable exanples of such conponents include

the hi ghbladaof Bigwsrlessure turbine nozzles and bl ades, shrouds, conbustor
|l i ners and augnment or hardware of gas turbine engines. Wile the advant ages

of this i iE@‘DESﬁRﬁal"IU Brafiy névRNT§aR! € to gas turbine engine

conponents, the teachings of this invention are generally applicable to
any conponent on which a diffusion alum nide coating my be used to protect
the conpbagraserftioventios issgeneraiympplicabirto exmpphentothabakipgiteged feowra t ur bi ne
bl ade 10, s own.in Figure 1.. The .blade 10 g rally has . an ajirfoil 12
and pl at P%?FH?IT% a&%aﬁhﬁ@f%iﬁﬁﬁhk’o?ﬂ%‘&m i]bé'nagcggﬁiloﬁr%um’d’i‘qee&?aéﬁ‘gduri ng
oper at i ONo@ibld Beaniifiss bElsiiNBorAp&tche, indhide WHO heshsitid BFe prékcet timigd ore
subj ected to severe attack by oxidation, corrosion and erosion. The airfoil

12 is aRe#saad blpdgs, shiowdneobystor hears abeugmentarthagdwise of gad tuthing or ned on

a root sectiqn a1 0. oling. hol e 8 are pr nt .in the
Sirror AN Snitel € ol Bl br (RO AN AE Dpd pRES BERSRIL 10 Bt e

bl ade 10turblae ehgitit adthiyortis] el teachitlge bf tisinvartidnee BERddly dfplicasé ude ni ckel
and cobal t - base super al .l qys, .though it is foreseeable that other nmaterials
coul d be%&gponent on which a diffusion” aluminide coating may be used to protect the

component from its environment.

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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Represented in Figure 2 is a diffusion alum nide coating 20 over I(%%ng a
substrate region of the airfoil 12. A typical thickness fdd Jalyefd06usion
al um ni de coating used on gas turbine engine conponents is about 50 to
about 125 microneters. As known in the art, the diffusion al um nide
coating 20 is fornmed by an alum ni zi ng process, such as pack cenentation,
vapor phase (gas phase) alum niding (VPA), or chem cal vapor deposition
(CVD), t huifgion tluhsnifle cesmgabinpositiats ¢ heidati@ctemistpueandcforth dn bhmised. 5 11
July 200 i.ffusi on al ym ni de coating conpgsiti.ons are oxidation-resistant
and f or mUARO8l IR¥FRAr ST 458 Siobgiarom el HFBo g BESn GHRPIBNLS, FEFebur f aces
during exqaRsdttresO FleNaath scfaﬁr@%fe%fs%@%ndalgsnglsw&ﬂﬁ,ysﬁﬁhﬁatpwct s the
r

under | yi ng superal | oy substrate om oxidati'on  and hot corrosion. The
coati ng 28idaomanihricpuadion: represented in Figure 2 as being conposed of an
additive layer 22 overlying the surface of the blade 10, and a diffusion

zone 24 . the. f. rﬁ@ﬂ h l.a 10,, as..l.s typical, for_ all
di f fusi ogﬂglcl@%r?ﬁsgg lgggl%l nggaﬂﬁ'ﬁ%résaﬁF R lT%ozngs PB% Céﬁ-‘pg%eﬁlt %ii‘)%ns vari ous
i nt er met additice Eyer 2baslyaly de phdseotheblad® 1 0D and wrdiffgsibh oreaBit infle r eact i on

as aresult of diffysional gradients and changes in _elenental solubility
in the |a'e£4°err@@9%ﬁggfe lzqﬁée ﬂh@%iﬁr%a)@al tor all defdsion, dlumiide copings Thg/pj cal | y

about 30 dlffusion A€ (ORF LEShilt 631 ek A0 Snd Rt AR M Ardhy T eST st ant

internetallic phas where Mis 1ron, nickel or co pendi ng on
t he substinang thergebatirigareaction rasya (r8ulMi AF Miffisidriad sadieits and clmnpks bhase). The

chem stry, of the additiv ayer 22 c be.nodi fied by, introducing into the
coating é]FH'(‘?E?E s‘&‘f“ﬂ’i‘rty &t g?ﬁslﬂ%l re§l?61h°fa§§ W3Ry rﬂ%ecﬂiﬁbtm% ersﬂ ilgon,
r hodi um Sﬁyg%ﬂ%/ldﬁbutﬁ{)ttbiﬁrﬂl@ﬂﬂné&ﬁ GABK 4R cdtidins B RIrSamidtalR)-AkisHM | S

deposi t ec he substrate prior to alumnizing, the additi've layer 22
cont ai nsinternieralli¢ phage MAl wheredvlas Irp nidkeb eiscobpitf depeiding an theisubdmtec oat i ngs

f the type descr.i : th i del d. ' t al ti
For ' pr ot EBRTHGUCHRS: FROA il SUBES I B0 nde SPER b P Gost - |
sinpl e egybPIPAin BNHoGIGRE b) SntRRRERLiREShe @mﬁlg gvgoc%?d éth&ryei1érﬁedd%§ sH@posi ted

wi thout plugging air cooling holes. Due to mat eri al and manuf act uri ng

costs, sepetdintmy chraniponeliconhabedigndaatagen, gtritinagwd zotediwsi oFoal uni ni de
coat| ngseﬂn‘?plé,%?%iarti%gmoig feposited on the substrate prior to aluminizing, the additive

layer 22 contains (Pt)NiAl-type intermetallic phases.

Diffusion aluminide coatings of the 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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routi ne basis. The process of this invention is directed tq_the
rejuvenation of the diffusion alumnide coating 20, and nﬂﬂéubﬁgppcularly
to renmoving at |least a portion of the additive |ayer 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
I nvention is capable of renoving the additive |ayer 22 w thout danmaging

t he substaeit( eh aiitable composified firlthd fripfing solefian is, oy edess pefcent)i S

i nventi t. 2, i ng_t.he diffusion alyninjde coati i th
aci di'c SePPls T BRGE PEl ARy pRCBmB P teiE et 4REON <1 ¢ 11
Jul'y 200€b#leicd wthiland aboslR 398l bR MBOShithi@icid @bnthittheSdbolPPs B@ighe! Ut i on

i's, by volune percent about 25%to _about 75% phosphoric acid containing
about 85W%£%r Coatancearater). (Haprafreredweeletion, conteinsisaval @BoBNt® oibout 75%
nitric acgy | i . 5 | . rcent . H (:bal an er)y. A

pr ef erre@hg%)?lg@l& ?Aﬁacgﬁ?ggﬁg&se%tugﬁ@%%ghﬁp ggo %Cép t%lgl(%sbrlieé grne%grﬁﬁ?h’c aci ds
at t hese combiidg, ety volmentabanti 606%, phosphoripraeidac@daibing ssubiss R@ighby vol une,

about 50% pho ric id nt ai hi ng abouyt, 85 wei ght . percent H3PO4, and
about 500&'%???‘55’%&&‘65 %%991‘{ §$ﬁi%‘§°ésbiﬁ0%n% iabent T3eveighiperpeet HNGhen a

di f f usi oRyRdnU P8k it bt : : AGk] ele]] sol ution
Gt o tener LS SRR R AL b g R TR SO LB 07

pr ef er abkgmpesdivrgt of 78@ul ZBEUto ANMERDE Gaboat d GO focaboaf 1809HNt préferdbdy about 30

m nut es, preferabl 5 mnutes, th dditive layer 22 s stripped
with a hf %“%ng‘g:ea%f‘t Zﬁ?gﬁ:’tfg’w ?‘fr‘aﬁﬂ RE abait 2046 abous B8 maptes T ferabie:

under | yi agou 28 @hialited thé sRBAvARFer 289k MphOLwRh 8REH Rl Jr SOBALALULEL I ange,
the activity of the solution is insufficient to Tenove the additive |ayer

22, whi | Bo tTReasknebler attagkeé rthe undeslyans superdloy subsigase.c Belowshe préfarred t ack of

the super S frate.. Ihe ld.,selution aof . this invention.. ears to
sel ecti vge“@eaﬁraecrgggealt%m&ﬁﬂ Y 053@% PR ﬁlmis‘ft%fﬁgpg’l PRSP o ﬁﬁlq}ﬁf ide is a
pl at i nunagbud?,nivllite tramehent henpRiMies QDOEAIHS radlod tohf WesultTh eltBk dflthes. Wil e
nitric acid and phosphoric acid are _discl ose§ in US. Patent No. 3,833,414

to Gisifunstallgy substyats. r Theseeidiaelutien obithisy igventiongppears topsebactively stteslopi ng a
diffusio U ni i 3 the.lim u f onpletely
r enovi ng&g%q 1a [ P ?‘?é’ﬁ'%g%é? g%l? acgﬁg%‘]&}l u%%ﬁltl(gkieﬁgmagb%gg%@a ligﬁlzﬁd e%%(ﬁse of the
sel ect i vilieyefake cohmirstplatppinnintemetallicon Whild hitrieh¢idiand phasphotibaciddgd t i ve

disclosed in U.S. Patent No. 3,833,414 to Grisik et al,, their use was for a process of

completely stripping a diffusion aluminide coating, and not for the limited purpose of

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
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layer 22, the invention enables the renoval of an excessively #hi K
additive layer (e.g., in excess of croneters), as my r esdl vy a
rejuvenation process. The selectivity of the stripping solution is nost
advant ageous if the coating 20 has not seen high tenperature service
(i.e., the blade 10 has not been installed and operated in a gas turbine
engine), so that limted interdiffusion has occurred between the bl ade
super al | ¢yrfageref thejairfoilvd axagsed tyxthe staipping opififios (ion thoddfi@ibn zOne 4t he

excess addjt.i . r 22 of.the origi . coati 20 i s . enmoved, .a new
addi ti ve%ﬂgfgy?g?&ﬁ %lg R (%,‘%clml’ %%%het%g&rkagélg@lg%%yﬁre%ep%sglmft%tﬁe RS any ri sk
of all oy diffysing the plaliftmtlifen iy NtheMhalttRBtmdn0SBMHoV R KlShtrBbet 105h°@ pl ati num

al um ni de coat| n% is desired, a flash of platinum (e.g., about two
mi cr omet &PROYE FOENF b kA Suable mmalyminiging Precess isvapariphesesaluminidisg (WBALL July

2006 sur E)@H@m‘i’éd hihg éﬂﬁﬁe{gﬁd{]}e 42 B3R ODAF P Yt ilzit?;ia?@'%rﬁgm? BEBLIC (1 - €.

the diffudsion zone any renal ni ng por 0 origrnaladditive

| ayer 22houi. Stherabiffesipn slnedsidingrproeisfds wsiilddetized, pnd tarthierdferg evithiis a
thermal treat rregf pof. abgut two hours at about 1050C (about 1925F). A

sui t abl e HESCBPYN HISIPYRIUBRocess i s vapor phase al uminiding (VPA) ~perf or med
at a tenperature of about 1040C (about 1 for a duration of about six

“hourss. Cl]jiﬂng%fiﬁ&b%ﬁ@ﬁioﬁhéﬁﬂiﬂ% 4 18 pRIsORaaR@Tiof AbIH pREsUS B bind TEHPEY ©
therefore within the scope of this invention.” Diring an investigation
| eadi ng bldehavese disaied Wity et acddic dtiippingsektion eft bybvaleme,HeOUt Wades wer e

t ted w LhdlLc . I pRI ] Ui of., | , t 50%
phosphor PioiBf 854 Ebfablre BB S8 bt bar Ol b B Pio B 5006
nitric acomtaint@rdbaun? Ngeghopércdi MROYNThO B8 WerdeBnedTtien BicRelamssver e

fornmed of "a q ckel -base_ superal | oy known as Rene 142 and havi ng a nom nal
conposi t FEsralley kaovnes Rere 143 qnd hapuag: s swminal sogmositioanby yeight] s

alum ni Uthout- £ TLHEACEH nGudlh, LUBHS bifhinind 2 843 Ndhcd. &%/ heni um

1. 5% haf ni um ar bon, on, 't nce ni'ckel and

i nci dent aingstep,ud.3 3% emtaliine 2 (806 desiver B5Prieifidoined. 10Y% earb@l, ahi uonsed umi ni de
coating {hat V\E‘%g_, Feen rgéluvenat_ d to forman_addjtive |ayer whose

t hi cknes8%%n afagee picgd andringigental wpmyriges r $he flades, wersspratested Pyek cessi ve

L, oAb RSl L2 AR gl

dur at i ontha¢kng$sesiwetanmraxgessiofd Ofirmatomseters, 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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resulting in the additive |ayers being conpletely renmoved w thout danmagi ng
the wunderlying superalloy substrate. Foll ow ng renoval of I uly288pt i ve

| ayers, a flash of platinumwas plated on the exposed surfaces of the

bl ades, which were then heat treated at about 1925F (about 1050C) to

di ffusion bond the platinumflash, @ggd hen re-alumnized by VPA at a

t enperature of about 1900F (about 1040C) for a duration of about six
hours. Wiile the invention has been described in terns of a preferred
enbodi nedt, i Precessdpnreaptenitig 2 plefirymicontginieg diftasion awaisideccotingne

skilled bR f Bfnfhbnt f686 dtoﬁ QT%he hiERL! %ﬂrﬁde%o%ﬂn?%ﬂ!i hERY Pé eto a

di ffusion coating used as a coat for a therm Insufating [layer,
i s of t enplapingdhe eompenent ghsamn@errm deetabtepgesturs, ik dafﬁgmmalumlundne engl ne.

A di h
et b RS L, o0 LSS SRS kAP
pl at i nunzmmrﬁmmlt]mgadﬁﬂfvfrajhwmalﬂl nrd flirfhee eghdn 0fthednipoaetpiiRgitbeekd! | owi ng

deposition of . th@}p bffu | on alum nide coating and before placing the
conmponenftPHIERE PESEPIPan el evated tenperature, the diffusion alum nide

coating conpr irsiting e @@uiiohViBuhay® o&iﬁn@ ®Uk] a68eb dRicRORAGRERY and a
di ffusion zone below the additive |ayer "and in"a surface region of the -

conponengsseatipdlyof @é‘é‘§§‘°1d(%1ﬁ{mh°§ﬁhﬁ’§°taﬁ@ 2 ndpaperatureaf eyt 7K i dbousi on

al um ni dgogogtd | f nitric
acid and phosgr%rgll%:agt Cl d@ﬂ;ﬂi@g&@?@ %E%e%%ﬁ%lg%téta%?f%%%% 260 OC until
at | east rqpzains, W@ow@siahkhlnmg/etrbaigcbmrfmeof)ﬁrerdlﬁﬁmvzddmmmle ¢datingti f f usi on zone
remai ns, ther stab |sh| atr ace of the diffusion alum nide
coati ng; depo§| O mggpthé]t ?ng)} ﬁgﬁeqsﬂlé%aﬁ’eat ed surface; heat treating

t he conponenthdao tﬁbaﬁﬁglsﬁe ich@pphent ito Witfhydic platiturh Neydrriaat e rédted ace; and
then alumpi zing the treated surface of the conponent. 2. A process

accor di nJHAGEAG ™M, wherein the aqueous solution consists of nitric
aluminizing the treated surface of the component.

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.




acid HNG3, phosphoric acid H3PO4, and water. 3. A process algcoLyd' to any
one of the preceding clains, wherein the diffusion alumni du ng is
treated for a duration of about 20 to about 30 mnutes. 4. A process
according to any one of the preceding clains, wherein the agqueous sol ution
is at a tgrrper ature of abgut 75C and the diffusion alumnide coating is
treated fBr a QuiTaEssHACErding tanyoneniibe prpceding lajms, sdsinbesifisien t o any

one of th d i . ai rther conprising the steps 0of .depositing a
et num RuBBRGE Al i€ MRl dh e oERARIEE RS it PEERERBIAEERES g
then heat cdrgatehidr e CHPRABRNas b&ndilhdedSE sériRe Bl 2 s @¥BErabii O the
treated surface before the alumnizing step. 9 11 July 2006 ©6. A process
according to any one of the preceding clains, wherein the diffusion

al umi ni de7.coat Angroress meedrdimg torclaihe 6cwhpeietite diffusion eduwbinidef coatingriini zi ng
the conponen afther the co ogﬁngnhas been placed jn service at an

el evat ed l?rEFF&i.P f gomponent af g faickness 4p cirerg of d 0P| mickRmeters giog ity then e

di f fusi Ontr@a%fs@isfb%@e coating is present on the conponent at a thickness in
excess of 1 m cronmeters prior to the treating step. 8. A process
according to any one of the preceding clains, wherein the conponent is a
gas turbifie endi pmcegnpaiogdihg tandny medof fthsipecedingnchige whatinghd S
present on the conponent as a result of alumnizing the conponent after the
conponent CORRRONER{SIS 4] gas fubineLngame compbhens, andgha diffusinn ajerminider ¢siating éngi ne was
oper at ed, aéng the{}l%co onent was re vgd fromthe,gas turbine_engine. 9. A
process. aC&ordi Wy "% Gmpe %t 4 1580 1o c U208 aihirsCOREFR Afteth &S £ f usi on
alumnid Oﬁ% ' RSENH t -t hi j cess of
100 mcr gcns p‘rm?g?éstqg&lt&he tr%%}iﬁrllltgwnsetce : 1@%gﬁ§&@g§%§§:§%§%§g?é§8@§b any one
of the praddbé ognpéhnhwas sheved frofhthe paemibingengiiep renoves substantially
all of the additive |ayer and does not damage the surface region of the

conponent, 11. A process for rejuvenating a platinumcontaining diffusion
al umi ni deg'coatii‘rﬁ’éocess according to any one of the preceding claims, wherein the diffusion

aluminide 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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on a gas turbine engine conponent formed of a nickel or cobalt-ba
superal l oy, the diffusion alum nide coating conprising anléJHIthQioéé | ayer
on a surface of the conponent and a diffusion zone below the additive

| ayer- and in a surface region of the conponent, the process conprising the

steps of: renpving the component froma gas turbine engine after the gas
t ur bi ne eﬂ@ungg &d@ aga%trgélt é‘d?oraﬂ drten, piRPorhe) abgBhEhinueste remeve

red vent st UM T SRR g DA, A R

Servi ce Offeateddstbfatels fthd €ifRRBNNBumini®Aldaifs b the Binpbigiton al umi ni de coating
to an aqueous solution consisting of about 50 volune ‘percent nitric acid

and about 50 vispasitinge pbtintmpayss phdhs teaad girfate;a t enperature of 10 11 July

2006 about 70 C. to about 80 C. for a.duration of about 20 to about 30
m nutes to rentPk treaing figs porppgent fo ?]h%-‘sgd%‘?tl?q%@% rggie thedradtads usi on

zone remgl s ..Lhgyely establishing a treated surface of the diffusion
~al um ni de" coat’ing on the conponent; depositing a platinumlayer on the

“treated surfac#umhi@dhg thearhiedGuithee SRAAP 6GBPEnchOtoGbinh B $6cdndfejit@iatsdum | ayer
into the treated surface; and then alumnizing the treated surface of the

conponentdiftysipn phiminile copithg byving antadditivdiléyen sittra thickmess ofengauedterg havi ng
an additiye L er with a thickness of .not greater than 100 m croneters.
12. A pr otg%‘% &g@b%?rﬂf’tﬁﬁ‘to claim 11, wherein the aqueous sol ution consists
of HNOG3, H3PO4, and water. 13. ‘A process according to claim11l, wherein

the agqueays SO Ukh Qs biodling to IAHRT AU 8 Lont i BACdnligisChyf { usi on

alum nide coating is treate or a duration of mnutes. 14. A

process dENOs,dPG,f andovatern 11, further conprising the steps of depositing a

pl ati num |l ayer on the treated surface following the treating step, and then

heat treating the conponent to diffuse the platinumlayer into the treated

surface bO&for e tmacess 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.
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alum ni zing step. 15. A process according to claim11, V\,hergi n % treating
step renoves substantially all of the additive |ayer and dddut 6damage
the surface region of the conponent. 16. A process according to claim 11,
wherein the step of alumnizing the treated surface is a vapor phase

al um niding process. 11 11 July 2006 PROCESS FOR REJUVENATI NG A DI FFUSI ON
ALUM NI DE %Sﬁgﬁg’%ﬁﬁrocess of gduvenati ng _a _diffusion alum nide
coating (20 TmGﬂ@IFrFéf (PAhatl 54 TINGol ves
treating the coating (20) with an aqueous solution of nitric acid and
phosphoric acid until at |east part of the additive layer (22) of the
coating (20) has been renoved, but the diffusion zone (24) underlying the
additive |layer (22) renmains. The exposed surface of the conponent (10) is
then re-alumnized to deposit ad@BS%BAQT alumniumto build up the
additive layer (22) to a desired thickness. The process is particularly
appl i cabl ;N n ) eposi ted
on a corrp“!(e;ﬁ}eo(r%t‘:3 g(%ogejﬁéh‘ﬂﬂl\g? gﬁﬁéi)?g:ashgr?@ﬁe(} &}a&lﬁg éZ@d%?%lc\Bgﬁ)oﬁ 31&( 22), and
prior t o Theeejooemptoe ptocedOihvbletngeatiag uhenaﬁhtihg (36@)y Witk an afu@us 3olhfon

of nitric acid and phosphoric acid until at least part of the additive layer (22) of the
coating (20) has been removed, but the diffusion zone (24) underlying the additive
layer (22) remains. The exposed surface of the component (10) is then re-aluminized
to deposit additional aluminium to build up the additive layer (22) to a desired
thickness. The process is particularly applicable to a diffusion aluminide coating (20)
that has been deposited on a component (10) to have an excessively thick additive

layer (22), and prior to the component (10) being retumed to service.

Fig. 2
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