METHOD FOR REPAI RI NG COATED COVPONENTS USI NG Ni Al BOND COATS FI ELD OF THE
| NVENTI ON The invention generally relates to a nethod for repairing coated
conponent s exposed to high tenperatures during, for exanple, gas turbine
engi ne operation. More particularly, the invention relates to a nethod for
removi ng and refurbishing a thermal Dbarrier coating systemthat includes

an inner netallic n i ing ceram c | ayer.
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Higher operating temperatures for gas turbine engines are continuously sought in
order to increase efficiency. However, as operating temperatures increase, the high
temperature durability of the components within the engine must correspondingly

increase.

Significant advances in high temperature capabilities have been achieved through the
formulation of nickel- and cobalt-based superalloys. For example, some gas turbine
engine components may be made of high strength directionally solidified or single
crystal nickel-based superalloys. These components are cast with specific external
features to do useful work with the core engine flow and contain internal cooling
details and through-holes to provide external film cooling to reduce airfoil
temperatures. Nonetheless, when exposed to the demanding conditions of gas turbine
engine operation, particularly in the turbine section, such alloys alone may be
susceptible to damage by oxidation and corrosion attack and may not retain adequate
mechanical properties.  Thus, these components often are protected by an
environmental coating or bond coat and a top thermal insulating coating often

collectively referred to as a thermal barrier coating (TBC) system.



t urbi ne engi ne conponents. Ceram c materials, such as zirconia (Zr02)
partially or fully stabilized by yttria (Y203), nagnesia (MO or other
oxi des, are widely used as the topcoat of TBC systens. The ceram c |ayer
is typically deposited by air plasma spraying (APS) or a physical vapor
deposition (PVD) technique. TBC enpl oyed i n the hi ghest tenperature
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used to form turbine engine components‘ TBC topcoat materials capable of satisfying
the above requirements have generally required a bond coat, such as one or both of
the above-noted diffusion aluminide and MCrAlY coatings. The aluminum content of
a bond coat formed from these materials provides for the slow growth of a strong
adherent continuous alumina layer (alumina scale) at elevated temperatures. This
thermally grown oxide protects the bond coat from oxidation and hot corrosion, and

chemically bonds the ceramic layer to the bond coat.

Though significant advances have been made with coating materials and processes for
producing both the environmentally-resistant bond coat and the thermal insulating
ceramic layer, there is the inevitable requirement to remove and replace the
environmental coating and ceramic top layer under certain circumstances. For
instance, removal may be necessitated by erosion or impact damage to the ceramic
layer during engine operation, or by a requirement to repair certain features such as
the tip length of a turbine blade. During engine operation, the components may

experience loss of critical dimension due to squealer tip loss, TBC spallation and



Current state-of-the art repair nethods often result in renoval of the
entire TBC system i.e., both the ceramic |ayer and bond coat. One such
nmethod is to use abrasives in procedures such as grit blasting, vapor
honi ng and gl ass bead peening, each of which is a slow, |abor-intensive
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followed by other shaping processes. The diffusion coatings and ceramic layer are

then reapplied to the blades in the same thickness as if applied to a new component.

However, airfoil and environmental coating dimensions/stability are particularly
important for efficient engine operation and the ability for multiple repairs of the
components. When design is limited to particular minimum airfoil dimensions,

multiple repairs of such components may not be possible.

Moreover, while MCrAlY and diffusion bond coatings may be useful, scientists and
engineers working under the direction of Applicants’ Assignee are continually
seeking new and improved bond coats and repair processes to further enhance engine

operation efficiency and aid repairability of the components.



airfoil dinension may substantially affect turbine efficiency. Mreover,
Applicants have determned that if a N Al -based (stable and | ow

i nterdi ffusion) overlay bond coat also is enployed in the repair process,
further property advantages and i nprovenents may be realized. Accordingly,
there exists a need for a nethod of repairing a coated gas turbine engine
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coated airfoil contour dimensions, while also improving upon the prior bond coat

employed. The present invention addresses these needs.

In one embodiment of the invention, a method for repairing a coated component,
which has been exposed to engine operation, to restore coated dimensions of the
component and increase subsequent engine operation efficiency, is disclosed. The
method comprises providing an engine run component including a base metal
substrate. The base metal substrate has thereon a thermal barrier coating system
comprising a bond coat on the base metal substrate and a top ceramic thermal barrier
coating. The top ceramic thermal barrier coating has a nominal thickness t. The
method further comprises removing the thermal barrier coating system, wherein a
portion of the base metal substrate also is removed, and determining the thickness of
the removed base metal. The portion of the base metal substrate removed has a
thickness, At. A {3-phase NiAl overlay bond coat is applied to the substrate, and the
difference in thickness, Ax, between the 3 phase NiAl overlay coating (Xn;a1) and the

bond coat (xadq) previously removed is determined (e.g. AX = Xnja1 - Xaga). The
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restored to about the coated di nensions preceding the engine run to

I ncrease subsequent engi ne operation efficiency. In another enbodi ment of
the invention, a nethod for repairing a coated high pressure turbine

bl ade, which has been exposed to engine operation, to restore coated
airfoil contour dinensions of the blade, is disclosed. This method
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the removed base metal. The portion of the base metal substrate removed has a

thickness, At. A (-phase NiAl overlay bond coat is applied to the substrate, and the
difference in additive layer thickness, Ax, between the 8 phase NiAl overlay coating
and the bond coat previously removed is determined (e.g. AX = Xnjat - Xada). The
method further comprises reapplying a top ceramic thermal barrier coating to a
nominal thickness of t+At-Ax, where At compensates for the portion of removed base
metal substrate. Advantageously, the dimensions of the coated high pressure turbine
blade are restored to about the coated dimensions preceding the engine run to increase

subsequent engine operation efficiency.

Applicants have determined how to provide further temperature reductions for
airfoils, which increases ceramic spallation life, which lowers subsequent coating
growth to be experienced in the next repair cycle, and which also provides further
alloy mechanical property advantages. This may be achieved through the addition of
TBC (At-Ax).



Pt Al diffusion coatings. These inprovenents include: about 2-4x greater TBC
spal | ation resistance; TBC spall sizes |less than about 0.25x that of PtAl

di ffusion bond coat test sanples; about |ess than 0.5x coating growth into
base nmetal, which enhances repairability; and oxidation resistance

equi valent to or better than the PtA diffusion coatings. Additionally,

testing has _shown, th or rosi on r.esi.st may be uival ent to some PtAl
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I ncrease in gap between the conponents may not adversely affect the

mechani cale dii: the inventinn adragiiyrefor rgnainiapplicationsve  det er mi ned t hat
operation efficiency my be substantially adversely affected. Enbodi nents

of Applic o ' ' | ol Ut to

t he above%&%ﬁ#&%xg%?‘gﬂdeﬁéﬁﬁﬁ%(}bﬁg €d§8¥%ts+t¥ng?reﬁﬁ%§1?‘l egaﬁz&ggaé Ro t‘1%2qui re
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with the afore-referenced N Al -hased over] ay bond coat provides even
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features ap olt@%ﬁ%%%%ow érhb&ﬁm@&e%rfﬁﬂé %ﬁJeﬁfi?;ﬁ YhethBP{ésg E%HM St @i | ed

descri ption, en in njunction w th the acconpanyin aw ngs, which

i || ust r at erdayrestoerfionfwitixalowt éet fuebipe ito curp hessh ahort edficiatnt Fonexample,
during conventional repair of an engine ran component, about 3 mils of underlying
base metal thickness may be removed in the process. Thus, about a 3 mil loss of base
metal may be experienced on both the pressure and suction side of an airfoil, which
translates into about a 6 mil increase in throat dimension (distance between adjacent
airfoil sections in an engine). While this increase in gap between the components
may not adversely affect the mechanical operation of the engine, Applicants have
determined that operation efficiency may be substantially adversely affected.
Embodiments of Applicants’ invention present an innovative, much needed solution
to the above problem, which is inexpensive to implement and does not require
additional costly equipment. Moreover, replacement of the prior bond coat with the

afore-referenced NiAl-based overlay bond coat provides even further property

improvements for embodiments of the invention.

Other features and advantages will be apparent from the following more detailed
description, taken in conjunction with the accompanying drawings, which illustrate by
way of example the principles of the invention.
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6 BRI EF DESCRI PTION OF THE DRAWNG Figure 1 is a perspective view of a high
pressure turbine blade. Figure 2 is a |local cross-sectional view of the

bl ade of Figure 1, along line 2-2 and shows a thernal barrier coating
systemon the blade. Figure 3 is a flow chart show ng an enbodi nent of the
process of the invention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The repair

nmet hod of | ' | ally applicable to conponents that
oper at e mﬁﬁﬁﬁ%ﬁ%ﬁ&@ﬁ@f:%ggﬁei&@@d by relatively high tenperatures,
and are therefore subjected to severe thernmal stresses and thernma

cycling. IFphables exaspctse vielv udliglc prepanenisink BRidede the high and | ow
pressure turbine nozzles and bl ades, shrouds, conbustor liners and

augnent or _hardwar e of gas turbine engines. Q her exanpl es i ncl ude
airfoils, F%\H@Qriéraalpcaléﬁ‘éfsss’?%qné piart et @a&lﬁd&sof\raa'é@l @ £-2uandr

exanpl e '%h&wb?aﬂieﬁﬂalﬁ%ﬁ%&% Etn-igusr yleRforPih@@gqt0 shown in Figure 1. For

conveni ence present invention will be described in the
context of repairing blade 10. However, one skilled in the art wll
recognizelﬁgww3ﬁmeﬂnwum@dsummmghb@dmbéhmmnoﬁ@@pﬁmeﬁsﬁdh¢yn®mapted to
repairing any other gas turbine engine part coated with a thermal barrier

coating s | rally includes an airfoil 12
agai nst wﬁ%ﬁ%ﬁﬁﬁgm@ﬂg&@égﬁ@ﬁ@& ed during operation of the
gas turbine engine, and whose surface is therefore subject to severe

attack by Theirelaiid sthod of t’l‘@%ﬂr@d&n&lﬁderﬁfoﬁsb ganerﬁll}ﬁapp&hbﬁlﬂ@ kd cdrﬂpdzﬁen%ﬁﬁ&tor ed to
a turbine disk (not shown) with a doveta 14 fo pl atform 16 of
the bl ade Omeratwahmn@lwep%ntﬁschalfaeteﬁ?% émrehaﬁvqlﬁén%h quai?qratws,t #b#sh  which

bl eed air eff)ﬂar ﬁlg)_gecte(a th rs@xﬂi?é enﬁﬁasttregsreg e gflh &% N-tl)-ﬂi%l yﬁ@t al iOf

t he bl ade any suitable naterla supera
Co, or cormiﬁlsnat cmnpomhtstcIadd tlt[aohlgﬁraeﬂeilo&zbbl;cssmh B.Il'bE]S aozeles land dlales,

exampl o, SHEUgssEeir THe 18 Aerat] MHENENS et WRTRS CREFg itensi ty
of about Jxhfigls 'iﬂ%-lud-[:hﬁrf@ﬁs, Ciﬁ‘%%nérﬁ'l', GKM8BBic parts such as vanes. One particular
example is the high pressure turbine blade 10 shown in Figure 1. For convenience,
the method of the present invention will be described in the context of repairing blade
10. However, one skilled in the art will recognize that the method described below
may be readily adapted to repairing any other gas turbine engine part coated with a

thermal barrier coating system.

The blade 10 of Figure 1 generally includes an airfoil 12 against which hot
combustion gases are directed during operation of the gas turbine engine, and whose
surface is therefore subject to severe attack by oxidation, corrosion and erosion. The
airfoil 12 is anchored to a turbine disk (rot shown) with a dovetail 14 formed on a
platform 16 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.

The base metal of the blade 10 may be any suitable material, including a superalloy of
Ni or Co, or combinations of Ni and Co. Preferably, the base metal is a directionally
solidified or single crystal Ni-base superalloy. For example, the base metal may be

made of Rene N5 material having a density of about 8.64g/cm’. The as cast thickness



of the airfoil section 12 of blade 10 nmay vary based on design
specifications and requirenents. The airfoil 12 and platform 16 may be
coated with a thermal barrier coating system 18, shown in Figure 2. The
thermal barrier coating systemmay conprise a bond coat 20 disposed on the
substrate of blade 10 and a ceramic thernmal barrier coating 22 on top of
the bond ceat 20..ln an i.ment of the i,nventiop,.the band.coat ,20 is a
G 11 Usi on S0 PRI 0B L0 s, ey ] sharign, GesBfioge dnal |y

sol i di fi edecRiiremicn@l € crystal N -base superalloy. Both the N in a

ni ckel - base superalloy and Co in a cobalt-base superalloy diffuse outward
fromthe substrate to formdiffusion alum nides, and the superall oys may

i ncl ude bdhp aigoihhy avd plasfopn i may becednd agtsa thapmplcbarrer epabipg S¥tOR of t he
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t he bond @Oalispdfednamythecabyiratesef Bladdlt AarYd a @ataivig) thehmalchadriend cvatingB2 pat i on
with a di ffustj ﬁn %%gt ia?rg as well as other suitable known coatings.

dhe bomsbenaieht

Accor di ng'3R° of the invention, the diffusion coating may
conprise sinple or nodified alum nides, containing noble netals such as

Pt, Rh or pPdn aptofimert 88 %hd ¥R Bodd & O0NY 2 AithsiBRcobtidP kb0, Y, Zr

and HE The diffusion coating may be forned on the conponent 1n a nunber of
di f f er ent beweymetal rpfthe dfladet he is subgeatinallyraglidifed xp osegle tayystdlulNi-bassy such

as by a pack 0oC r .chem,c vapor ,.de Ltion roce at
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substrate 'nes w e nec Si ng 6ut wa o e Substrate
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the result of ., a diffuysion.prqcess,. it wll, be recognized that there are
cheni cal §PREN¥H %’@fﬂicoa alfpe 0I5 CREYINENEN B¥ithe? ddriee rosn gnBelr, A
wi Il have a,afifapleahbWa BaRgRNt ration at

According to an embodiment of the invention, the diffusion coating may comprise
simple or modified aluminides, containing noble metals such as Pt, Rh or Pd and/or
reactive elements including, but not limited to, Y, Zr and Hf. The diffusion coating
may be formed on the component in a number of different ways. In brief, the
substrate may be exposed to aluminum, such as by a pack process or a chemical vapor
deposition (CVD) process at elevated temperatures, and the resulting aluminide

coating formed as a result of diffusion.

More particularly, a nickel aluminide (NiAl) diffusion coating may be grown as an
outer coat on a nickel-base superalloy by exposing the substrate to an aluminum rich
environment at elevated temperatures. The aluminum from the outer layer diffuses
into the substrate and combines with the nickel diffusing outward from the substrate
to form an outer coating of NiAl. Because the formation of the coating is the result of
a diffusion process, it will be recognized that there are chemical gradients of Al and

Ni, as well as other elements. However, Al will have a high relative concentration at



8 the outer surface of the article which will thernodynamically drive its
diffusion into the substrate creating a diffusion zone extending into the
original substrate, and this Al concentration will gradually decrease with
i ncreasing distance into the substrate. Conversely, Ni will have a higher
concentration within the substrate and will diffuse into the thin |ayer of
alum num t.o faorm a.ni ckel al.um ni.de. .The concent.rati pn a l.. 1n.the
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di ffuses i nd reacts with.the platipu the sane tjme, Ni. diffuses
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di ffusion zone of the substrate. Thus, conplex structures of (Pt,N)A are
f ormed by Pestisnsefrie substraiet haxing s edgingiptompaditigng HOhcause, expeppes oothept to an
at nospher ' ' | um.n e ] - al ym num
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di rect i onalumifa laer &Rter cicaitkeh glubligiddichdtingl on zone, Pt Al12 phases may

precipitate out of solution so that the resulting Pt-Ni Al internetallic

matrix ma | so coptain the
X ¥X p agnum a un?ilmr(]ie (PtAl) diffusion coating also may be formed by electroplating a

thin layer of platinum over the nickel-base substrate to a predetermined thickness.
Then, exposure of the platinum to an aluminum-rich environment at elevated
temperatures causes the growth of an outer layer of PtAl as aluminum diffuses into
and reacts with the platinum. At the same time, Ni diffuses outward from the
substrate changing the composition of the substrate, while aluminum moves inward
into and through the platinum into this diffusion zone of the substrate. Thus, complex
structures of (Pt,Ni)Al are formed by exposing a substrate electroplated with a thin
layer of Pt to an atmosphere rich in aluminum at elevated temperatures. As the
aluminum diffuses inward toward the substrate and Ni diffuses in the opposite
direction into the Pt creating the diffusion zone, PtAl, phases may precipitate out of
solution so that the resulting Pt-NiAl intermetallic matrix may also contain the
precipitates of PtAl; intermetallic. Precipitation of PtAl; occurs if Al levels above a
certain level are achieved; below this level, the coating is considered single-phase

(Pt,Ni)Al. As with the nickel aluminide coating, a gradient of aluminum occurs form



precipitates of PtAl12 internetallic. Precipitation of PtAl2 occurs if Al

| evel s above a certain |evel are achieved; below this |level, the coating
i s considered single-phase (Pt,Ni)A . As with the nickel alum nide
coating, a gradient of alum numoccurs form9 the alumnumrich outer
surface inward toward the substrate surface, and a gradient of N and

ot her el enents occurs as these ele ntsqlglffu e qutward fromthe sistrate
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exanpl e, a new make conponent may have a diffusion bond coat of about
0. 0024 i ndhesoveedbothickzess off ths)diffnsion h:bath@my viang | mditmpicaly addhi ndgtwee | ayer

of about 0.001 hes m.l s) | ffusion fone of 0012

i nches (al%‘i?? Zth @?q“z)o dlofﬁé éﬁg é,Jbtfﬂ'gi IB‘P?dtémTﬁ PR %%“@&a@zzo may
be repres e&&eglobmamhem 3hits) it ieEREs. DY diffisi6A MyeROvideh IByrotviiantobe
applied over the bond coat 20. Ceramic thermal barrier coating 22 nmay

conpri se fthy Bybstetepdyrirally mayt bniabputed.0003- 91091§tla@heﬁ| (Peut1.5zmilghrinereand t he

| i ke, as gg@ rlals known
the art. \@Jaln% éa%"{i%e%dlit aglﬁe%r@ﬁginméélylvﬁﬁedtge ? é mﬁp percent
zirconi a tisd bdlirdez eghally tabowetlinoa1-7.062 waihed(1- pemmnmoytemn@e @ﬁaﬂgnﬂieher
known ceram c thernal
component may have a diffusion bond coat of about 0.0024 inches (about 2.4 mils) in
thickness, including an additive layer of about 0.0012 inches (1.2 mils) and a

diffusion zone of about 0.0012 inches (about 1.2 mils).

The weight of the blade 10 with bond coat 20 may be represented by wy. Ceramic
thermal barrier coating 22 may then be applied over the bond coat 20. Ceramic
thermal barrier coating 22 may comprise fully or partially stabilized yttria-stabilized
zirconia and the like, as well as other low conductivity oxide coating materials known
in the art. Examples of suitable ceramics include about 92-93 weight percent zirconia
stabilized with about 7-8 weight percent yitria, among other known ceramic thermal
barrier coatings. The ceramic thermal barrier coating 22 may be applied by any
suitable means. One preferred method for deposition is by electron beam physical
vapor deposition {(EB-PVD), although plasma spray deposition processes also may be
employed for combustor applications. The density of a suitable EB-PVD applied
ceramic thermal barrier coating may be 4.7 g/em’, and more particular examples of
suitable ceramic thermal barrier coatings are described in U.S. Patent Nos. 4,055,705,
10



barrier coatings. The ceramc thermal barrier coating 22 may be applied by
any suitable neans. One preferred nethod for deposition is by electron
beam physi cal vapor deposition (EB-PVD), although plasnma spray deposition
processes also may be enployed for conbustor applications. The density of
a suitable EB-PVD applied ceramc thermal barrier coating nmay be 4.7
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barrier coating 22 may have a thickneSs (t) et ween about 0. 003 inches
(3 mils) ahent GHULinchend mghawre typieallyson theprrden 9kt (WO0Sninches Gr der of

about 0. 005,inche 5. mls ..or t.0 engine servi,ce. This,coati
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the bl ade 10, including bond coat 20 and ceram c thernmal barrier coating

22 may be cp@pprasenibel Wsighhp! thetdader 1) éncding bendrcaab 3P ead eompimirimalneet i ng
t he aer od%gmgoﬁglgﬁﬁa% e re f&ﬁﬁ?{@ ~design, when entered into service

I S thus expose enpératu r extended periods of tinme. During
this exposure, the bond coat 10 nmay grow through interdiffusion with the
subst r at e Thk| afore-déseribad esuatedl cbhuponaitermiédtihgs tlen asmydydapendimensidrize

di ffusion.couple (g.9. coatin | evel s, coatin hi ckness, substrate
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i nvention, the above coated blade 10, which has been rerioved from engi ne

servi ce mayteidefysionswith fepabstede aliay. ddteexkinh ef thientamdbifissioromaydependont he

part, particularly with respect . to Y, allatiop.of the ter ram c

t her mal b&il?el'i ﬁus tchwgieZ%:é? |ﬁ°§88§t$g,1le@§ B%a%ngoﬁ’c'fg%‘le%sd Sﬂi@/‘g%ﬁ? ”Tﬁr&gns known
in the artombolistdRNg o¥ Cebatedd) dnd teipeseenhd BigRalfleapdsurd. NnSpect i on, among
others. If necessary, the tip may be conventionally repaired to restore
part dinensions, Next, if needed, the outer ceramc thermal barrjer coating
22 may be [} BFROUAICE Pifth antaiRech & His TEDAIT BRPCRRS AR ShecprSIRNt iFvepHen.dhe abavsc| udi ng

chem cal  gh4LPBi-Ag 1@,“\%1%{1 has been removed from engine service may be first inspected
to determine the amount of wear on the part, particularly with respect to any
spallation of the outer ceramic thermal barrier coating 22. Inspection may be
conducted by any means known in the art, including visual and flurosecent penetrant
inspection, among others. If necessary, the tip may be conventionally repaired to

restore part dimensions.

Next, if needed, the outer ceramic thermal barrier coating 22 may be removed from
the blade 10, by means known in the art, including chemical stripping and/or
mechanical processes. For example, the ceramic thermal barrier coating 22 may be
removed by known methods employing caustic autoclave and/or grit blasting
processes. The ceramic thermal barrier coating 22 also may be removed by the
processes described in U.S. Patent No. 6,544,346, among others. All patents and

applications referenced herein are incorporated by reference.

After removal of the ceramic thermal barrier coating 22, cleaning processes may be

employed as described above to remove residuals. The blade 10 may then be weighed

11



mechani cal processes. For exanple, the ceramc thermal barrier coating 22
may be renoved by known net hods enpl oyi ng caustic autoclave and/or grit

bl asting processes. The ceranmic thermal barrier coating 22 also may be
removed by the processes described in U S. Patent No. 6,544,346, anong
others. Al patents and applications referenced herein are incorporated by

reference. After renoval of the ceram c thernpl barri.er coatin ,
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The bl ade w10 TR ARSI 48 W8 8B9pddicdiat MR s@ag%pmf%ﬂax?gla?b FPPRCRHFesSUCh as
a scale or balance, and its wei gﬁt denoted by w2. e b¥ade 10 al so may be
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20, if dekhnbedin teomvetovaval, piias ko Agndat b HgLARveRyndeosy, oy editkd mask
i nternal features of the blade 10 and protect any_ internal coating from
removal . EERVeRMiaRs| maskingnfeghniqycs per A grwlarsd te apask|iategral fpatwrss ahllieng t he
chem cal s r ' Oate L ey t may be
I nj ected ib%{tgg %(ﬁe%?nﬁgté%{;lan glrlétegﬁdcé)%&%éﬂ%g?gg@g{% /E %er aﬂgle’ eg%rhed
maski ng, nEnpaatucakapcpablsod witisahdiag theehensealoindompsianeenahployed @ or

chem cal processes such as aquepus .aci d. solutions, typicall | Xt ure of
i Er o andhe BRSBTS Bade Jobt ¢ ho
underlying bond coat 20. In the case of netallic coatings based on

al um num &f&@fihfﬁés_ix%ﬁqﬁﬁsﬁﬁlgy\ﬁ@élﬁl&ﬁbal bloBesdd dueh @s tie 1Y BFBEESde HatefAlsaqueous
chem cal etchant dissolving the coating as a result of reaction with the

et chant ey chamisajiiresassrs sperces afiuagis,acidisplitianst typically poviglurpe beirgsangdbout  1- 3
mls of the LAter '”“S%gbé'%% Tdyea .rgrﬁgx? HF&rﬁb o%ﬁ%%tl{n%%ﬁyi nSlemoved
| crea In Olq Wa thic .nﬁ”heaa

t her eby r &S0 Hg |1r(1:]‘$’am e air Kness I'tive

| ayer of tloe Dok @eabf Zitalliy posimleh hasddost alhmznuiii,| chefrlcad @ichthgORRereinc hes) ,
al so may be renoved, After conplete coating renoval of the ceram c thernmnal

barrier’ cébt prigleris sypprereg de apyAdHECHEmeA Cichant dipsplenp thy edtingdRant al so
may be reqoy@dar Alon with the etchant may be employed. Accordingly, during the

removal process about 1-3 mils of the interdiffused underlying base metal substrate
may be removed thereby resulting in a decrease in airfoil wall thickness. The additive
layer of the bond coat 20, typically about 1-2 mils (0.001-0.002 inches), also may be

removed.

After complete coating removal of the ceramic thermal barrier coating 22 and
underlying bond coat 20, any employed maskant also may be removed. High
temperature exposure in vaccum or air furnaces, among other processes may be
employed. The part may be conventionally cleaned to remove residuals. For
example, water flushing may be employed, among other cleaning techniques. The
blade 10, now having its previously applied thermal barrier coating system 18
removed, may then be weighed again. This new weight may be denoted by wi.
Accordingly, ws will be less than wo. The difference, wo-w3, may thus represent the
weight of removed bond coat 20 plus the weight of the underlying substrate removed

during the stripping of the bond coat 20.
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tenperature exposure in vaccumor air furnaces, anong other processes nmay
be enployed. The part may be conventionally cleaned to renove residuals.
For exanple, water flushing may be enpl oyed, anong ot her cl eaning

techni ques. The blade 10, now having its previously applied therm
barrier coating system 18 renoved, may then be wei ghed again. This new
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contain about 30-60 atom c ‘percent alum num so as to be predom naitly of
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descri bed |n .commobn assigned U 'S Patent S, 255..001, 6,1 313,

6. 201, 054 =IoBHE TR ASEHTEAL PR 5oPP Aretaiananyont By BRHAT 17544 R anc
10/ 249564 suiBislcdu@itiks fok bBRY coD 1 Bft1ddd thasl ddsaidld iflichhbmnBPasisned tigle or
MCr Al'Y coating, but™ instead inﬁ?rgl advant ageousl il be a Ni A" all oy consisting

essenti al Patesf Niiscka2S5%0H, Gl 3 idurk.aNd0%erandi BL.5g Applesenufienal Nosery
limted a S n found to drastically increase the
service | H@éba%fgag ]t(ﬁ(zﬁ;%ll% %‘gﬂ?ﬁe@gé%ati ng system For exanple, zirconium

additions of at least 0.2 atomc percent (e.g. 0.2 to about 0.5 atomc
percent ziBondrtiown}l hayerdoders siditiond adiffisjori Alupdmitie yr M@rAlYecddhag) ifte of a
thermal barrier coating system Bond coat 21 thus may be a nickel gl um nide
bond coaﬂn%ﬁtlgﬁwﬁ@a@weeaﬂmﬁ 2 ALl W@@tlagéa%tlﬁﬁ}ﬁﬂfyuéfet f3-Ni Al

phase, as zyminum and containing zirconium in a very limited amount has been unexpectedly
found to drastically increase the service life of a thermal barrier coating system. For
example, zircomum additions of at least 0.2 atomic percent (e.g. 0.2 to about 0.5
atomic percent zirconium) have been shown to significantly improve the life of a
thermal barrier coating system. Bond coat 21 thus may be a nickel aluminide bond
coat containing zirconium, but otherwise predominantly of the (-NiAl phase, as

described in U.S. Patent 6,255,001,

Similarly, bond coat 21 may be predominantly of the §-NiAl phase with limited
alloying additions of zirconium and chromium. For instance, bond coat 21 may also
contain about 2-15 atomic percent chromium and about 0.1-1.2 atomic percent
zirconium, for improved spallation resistance of a TBC deposited on the bond coat 21,
as described in U.S. Patent 6,291,084. Bond coat 21 also may contain alloying
additions intended to increase creep strength and optionally contain alloying additions
to increase fracture resistance and promote oxidation resistance. For instance, bond

coat 21 may include additions of chromium, titanium, tantalum, silicon, hafnium and
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described in U S. Patent 6,255, ,001. Simlarly, bond coat 21 nmay be

predom nantly of the /3-N Al phase with |imted alloying additions of
zirconium and chrom um For instance, bond coat 21 may al so contain about
2-15 atom c percent chrom um and about 0.1-1.2 atom c percent zirconium
for inproved spallation resistance of a TBC deposited on the bond coat 21,

as described. in ent 6,291 0 Bon oat 21 also . contain
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appl i ed t 31aP By bagmdicd fe B%h%@bleﬁb#ckm%t EHE@Sta&Pﬁéaé‘é@fﬁ%ﬁ thigkagsSess  of

Enhfsbond 8’8@ mg#n%%andnﬁag’t typl cgfgouggﬁaﬁl%%oggt og% &ggﬁgg%o%?n bOUt °

(0. 001 i nékhe8y maley and beaytty@ically be (11@1@620 betweels)ibOLBdrmIlc(O@ﬂl %hai)samdnay
typi caIIy ave, a.gr er additjv I such as ween about. 1.5-2 mls
(D 0015. b 2B 3 BRLERL tnehdc BbS sogiiriise MY GumABILFF &resd Qs on
bond coat | Jﬁ%ﬂ'a@%eﬁﬂeﬁdﬂi@t S iz%?sr (630301%@0'@2 inc%eéj‘ nSthickBeRQhan knches) .
Bond coat 1 be deposited in such a manner to'mnimze diffusion of

t he bond PC,Q)’&IUS grovedidiifusionrbond cort %ab@lmemaadchuml@yqt@.abm@rl 2 mglsance, a
di ffusion 58@% of Jot  nore than 5 mcroneters may be achieved by PVD

t echni queé.' 1§1°]i1é5 uced level of interaction between the bond coat 21 and
substrate pronotes the formation of an initial |layer of essentially pure

al um num ®ondeoat@lanet Bsdépasital nwugh avannafastd eniniptiod dicfukios ofithebondm oxi de
|l ayer during service and reduces the formatlon of vol um nous nonadher ent
oxi des of cegfiFonpiiuents nQ the base mactalgpbsirats- ¢ Fergingianeey & diHugien gege of not

more than 5 micrometers may be achieved by PVD techniques. This reduced level of
interaction between the bond coat 21 and substrate promotes the formation of an
initial layer of essentially pure aluminum oxide, promotes the slow growth of the
protective aluminum oxide layer during service and reduces the formation of
voluminous nonadherent oxides of substrate constituents. By hmiting diffusion of the
bond coat 21 into the substrate, minimal substrate material may be removed during
refurbishment of the thermal barrier coating system, when both bond and ceramic
layers of the coating system are removed to allow deposition of a new bond coat and

ceramic layer on the substrate.

Applicants have determined through testing that the Ni1Al overlay bond coat 21 out-
performs some MCrAlY or PtAl based coatings with higher TBC spallation lives and
lower coating growth. Moreover, Applicants’ NiAl overlay bond coat 21 may have a
density of about 6.1 g/cm,? which is lower than some PtAl diffusion coating having a
density of about 7.9 g/cm3 . Accordingly, with the removal of the higher density bond
coat 20 and replacement with a lower density NiAl overlay bond coat 21, further
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bond coat 21 into the substrate, mninmal substrate material nay be renoved
during refurbishnent of the thermal barrier coating system when both bond
and ceramc layers of the coating systemare renoved to all ow deposition
of a new bond coat and ceramc |ayer on the substrate. Applicants have
determ ned through testing that the Ni Al overlay bond coat 21 out- perforns
some MCrAlY or PtAl based coa th hi gher, TBC spal.l ati on. I|ves and

| ower coatpt?t&ﬂgrlmmcr]vem%tsem% %35%’3 RIHPY S NEIEN B 1y 4 CHORHMEE 001 nay
have a depsint¥nipfy, about 6.1 g/cm3 which is lower than sone PtAl diffusion
coating having a density of about 7.9 g/cnB. Accordingly, with the renoval
of the higher density bond coat 20 and replacenent with a | ower density

Ni Al over Iﬁdiertﬁppticatioatofztme Nidd toverlayl homgk oqmér&ly tltlenbladvéﬁena:s baayeiphedr eal i zed

wi t hout avvel enal ty in .epbodi nents . t Afte

Appl | at | dReaodeEeER Y B EAC SRR oBaPing, | T, yALiol W oy Rl e ghe
again to geiey ﬁpﬂlﬁ:dttﬂﬁdvt%hﬂm nﬁ@r 6 BercfeBbRivg. BIME codighidvahtagdmsgart with
the newy applied bond coat 21 nay be denoted by w4. Bond coat 21

advant age&eVs congidsiablic lsas fhga tunral du@sssort PRAYDES i télalamlmatle@ persessordi ngs i n
the appl | %ﬁhhg Iéhfslé’ \ﬁr?ﬂ&” gpglﬂ e 508; d8&8£rfe%p°{%8£§s°&§tﬁ{e&n magg dingly,

downstreamre res ess
wei ght / t hibaks@stal 8g.gi N remai ni ng may be used to determ ne the thickness in
which to apply the ceramic thermal barrier coating 22 in order to restore

airfoil | mensi on . W thout sufferi.n e n enb.odi nment
The o bsu e b Rickhis? ghirgiiamaag roast Bt Geed B peiting o Biasoped.  Th! s
thi ckness Wy B8 apPRY ik Ckrdntic"BagMI Sshris E&tlhgcﬁ‘h%?&r kBoMGol iR art

prior to appli catlon of any coatings. For exanple, nondestructive neans
such as uldtrnatmmsdmthout swffeamglaygeightpregaltyCAR cwaamhi:dun@ésthmab@emnm oyed,

anong ot her.s The | nal .ba net al __t.hi ckness . al e kno from
dosi on_ spatithe A ol Biskeomey & FPERRY” ThRCTAReRnBeL Bt ¢ he
base net alphgditdry ﬁl@ﬁ@\/@i udthg tdtnaedkeaat inie e preasurpPlicativa ofbase net al
t hi ckness I 0ss, At, as a result of bond coat renoval , may be determ ned by
coatings. For example, nondestructive means such as ultrasound, x-Tay analysis and
CAT scan devices may be employed, among others. The original base metal
thickness also may be known from design specifications of the component. Similarly,
the thickness of the base metal after removal of the bond coat may be measured. The
base metal thickness loss, At, as a result of bond coat removal, may be determined by
comparing the original base metal thickness of the component to the measured

thickness of the base metal after removal of the bond coat. The difference in

measured thickness represents At.

Similarly, after bond coat stripping, the part’s outer dimensions may be measured
using co-ordinate measuring machines (CMM) or light gages. The three dimensional
information from the engine exposed part may be compared to the original design

intent. The average difference in dimensions may be used as At.

Alternatively, using combinations of the weight measurements wo, w1, W2, W3, Ws, the

amount of removed base metal may be determined. For example, wo-ws

may be used to determine the weight of the removed base metal. The weight

difference between w,-w3 may be modified by, for instance, subtracting the expected
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conparing the original base netal thickness of the conmponent to the
nmeasured thickness of the base netal after renoval of the bond coat. The
difference in neasured thickness represents At. Simlarly, after bond coat
stripping, the part's outer dinensions may be neasured using co-ordinate
measuri ng machines (CMM or |ight gages. The three dinensional information

fromthee I.ne exposed p ared t ori |naI e

oot il L iR el 4O B VB detr dViRe aufhiokndkt

Al ternati \keJd Y If HdgmC eHEb et ﬂnﬁg%e%pﬂoﬂﬁnﬂﬁ‘d Hbe AEASUrEHRLL %‘h‘é"?ienéﬂy W2,
W8, W, the  anount of renoved base et al may be determ ned. For _exanple,

wW2- w3 may (beofitBisdayen mutherabiones.i igécoefon hsinafle eheninidmov ebous Isee/met &r. The
ht dif W2 - i fied b f
Subtr act | g eheaipelEvey The Vi o dhust Faneiey raihd SRR b on

coating additive layer having a thickness xadd If unknown, the val ue may

be appr OXIWmS#ﬂadJ)@ir&ﬁ(p?b@ll}ﬁrelia Zreiis She TORpORIMSisuiface Bye Bém% hasppdedyst may be
about 6.1 g | e al um ni de or about 7.9 g/cnB a PtAl
addi tive Ia %we laWﬁé %@aagw @ﬁnbﬁéulawtqdufwnmy@:(or@mmdnaaty 029&11%&1%u| at ed

by: wAdd=( )g%ﬁé‘w)eﬁ%ﬂ\ﬂ@r %%g%ﬁ%ﬁ@g%&ﬁ&%ﬁﬁ&@ﬁ@% R &Za"y V\Bé’e' pg

stripped o dditive layer e subtract rom
W2- W3- waddletekminettaging vhheus hamiwgnitalwek: Wﬁwgmaadbi@mxpggrﬂ@pl oy. The
thi ckness of superalloy renmoved nay be deternmined using various known

| | The d f th d
base ot aTheesie B SRR bt Rl i S PCAC RS SR HEL T
al | oy enplaprdiar Izﬂm?\é ;oyeae }@&ﬁéﬂe} YthQHeﬁJ‘@ &Ltﬁ@rsaﬂ;érglyowvhl typYduigald y be

greater than that o e ceramc | 'ayer. Accordingly, the nmss change may be
corr el at edreatert than gbata obfthe ccefappe dayrond A@@@ndmyy, athg wessschangef mandebase

metal . Th%orrgfi%% tm?the ax tahc|> S5 ’tlao% SCOatA‘ ;[/\% anc% densliltsy Of %h%tbeager En%ta:[lh base
met al al | oy densi str ed are kPowr 72

t hi ckness paf¥ mammen@etlegsmmeck s rélated—to( el lg!@.é maapmga ﬂéz@ﬁt@aaﬁd
density). Once determ ned, the base netal. thickness | oss, may be added
to the oristinpaf arcaeWhicharq keavirnyalpes: i herthickagssndt w&@r@@nme bihedle At

al so repr %@J&@t&gﬁo@eﬁﬂﬁréé)f%nsny).

Once determined, the base metal thickness loss, At, may be added to the original
ceramic thermal barrier coating thickness, t, where At also represents the additional
thickness of the ceramic added to compensate for the base metal loss of the substrate
as a result of the above bond coat removal/stripping procedures. For example, the
value of At may be between about 1 mil (0.001 inches) and about 3 mils (0.003
inches), and more typically at least about 2 mils (0.002 inches).

The difference in thickness, Ax, between the prior bond coat 20 thickness and new
bond coat 21 also may be determined. This difference, Ax, may be determined by,
for example, knowing the actual value for xyja and known value of x.49 and
determining the difference between them (e.g., AX = Xnial - Xagd). If unknown, Xuqq
may be approximated at about 1.2 mil. The ceramic thermal barrier coating 22 may
then be applied at the newly determined nominal thickness of t+At-Ax. If, for
instance, Xnja1 > Xadd, the preferred TBC thickness will be less than t+At, and if xnja >
Xadd, the final intended TBC thickness will be more than t+At.
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t hi ckness of the ceram c added to conpensate for the base netal |oss of the
substrate as a result of the above bond coat renoval/stripping procedures.
For exanple, the value of At may be between about | m | (0.001 inches) and
about 3 mls (0.003 inches), and nore typically at |east about 2 mls
(0.002 inches). The difference in thickness, Ax, between the prior bond

coat 20 thickness and. .new b . coat Iso may.be detern.ned. Thi

GPTt or oncdh aserdaned it Glie sPRORI P e SHveaEnor cxeRbl MiCEifsE tal

val ue for JhitAl mARG OBPQWHesKI%MﬁIg%r dadfly ?ﬂQl diffatien Bbid &t bhandbbde Bence
bet ween them (e.g., AX unknown, Xadd nmay be

appr oxi matwts @003boches) of apiunderiyieg &M&ﬁdcalioh’e(r&ﬁﬁi g’l@@?l’)lm}’ b@mmw@dzz may

t hen bea I|e at_the new t hi ckpess

For" Drs s BRhE thebndiolal X SIS BRSO b OKREISGR o o 50 |
t+At, andai fhﬂ%{’d} 691-0.00XatdtHes)trhey bd Aspliet plendbedt TBGnilo (602690 NMidhed)e noIr e
than t+At. 16 I n accordance with one enbodi ment of the invention, for

exanpl e, whiadditesacsrapic hemal berrigr| copiing) 82 or by suitable £erAngR anatgdalsi t v
Pt Al diff
under | Iy| n:j:jd‘ﬁ ﬁ&{lﬁg@%@%@?@@%l@? &%-31% thgb eeér%rrr%%}%gfn ﬁg&t}ﬁl&}ﬁag{%e repair

process. A N Al overlay bond coat 21 havi ng a thickness of about 1- 2 mls
(0.001-0. CI(hEcbath’rgeQQ)onmlyertsaitsﬂ:ﬂ@béremqoﬂhanmdﬂmnierZeﬁingizha;y b Dapipiizd o 03
inches) of i tiaona ram c .thermal .barrier coating 22.0or, .other suitable
cor am & PP ST SUCT BT B COBRAEPEY Mo A e KU G Tharcoat e
aer odynamyguild TRRSsRRE - hoi? etoC Q@hbtn ¢he? %oﬁ[ngob%%ss?ﬁ&h& al gcHi&fA ML nbwer mal
barrier coating nay be appl to the newy determned thickness using

convent i olsitkness. hbBetsexapptt, @m@Wsmgeteéd)arthQlE@ alm mawba lestalplirtied b@@d@nhow to
adj ust the coati n rocess/tine.to _ach t hi ckness exanpl e,
2 how tar 9% B JAPERGERGRE ARG IS LR bRroRet ek Sy BRI fosh

t hi ckness ng&i WEighegdif B Adiutimeso thheodtBlg @iepdlncin NBiesaitednPhy.SiTot he new
wei ght gain by adding tine to the coating operation in a prescribed way. To

est abl i sh eplabRBSEHIZHTSION rAPEES, T XSTPI | BIMGTORE PHTS M5 e copigd athcBigt ed wi t h
vari ous. cospri e, PALEL Stu GBI Bt R BHh oIl AR PERBeC | an
wei ght galtankr&:s@ar fol detbiiine that for a particular resultant weight gain, a particular

ceramic thermal barrier coating thickness will need to be applied. Thus, if a particular

predetermined thermal barrier coating thickness is desired, the coating may be applied

to the targeted weight gain. The coating time may be adjusted to achieve the desired

weight gain.

The recoated blade may be weighed, and this weight may be represented by ws. Ws
will be less than w because of the added ceramic, which has a lower density than that
of the removed base metal. Advantageously, this newly coated component employing
overlay bond coat 21 has the restored dimensions to meet the original aerodynamic
intent of the part, as shown schematically in the process example set forth in Figure 3,

and does not suffer a weight penalty.

Applicants have advantageously determined how to increase the engine efficiency in
contrast to the teachings of prior repair techniques. In particular, Applicants have
determined how to increase engine efficiency by, for example, correlating the above

weight measurements with that of the outer ceramic thermal barrier coating 22 to
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ceram c thernmal barrier coating thickness will need to be applied. Thus, if
a particular predetermned thermal barrier coating thickness is desired,
the coating nmay be applied to the targeted weight gain. The coating tine
may be adjusted to achieve the desired weight gain. The recoated bl ade may
be wei ghed, and this weight may be represented by wo. W w Il be less than
W becaus of 1 he added ceramc, whi.ch s a Io r densit than th t of
the ooy COASE SHECHTS TR AL PP R oS B
e”D|0y|ngThRMﬁb&ﬁmeﬂﬂﬁlﬁﬁﬁﬁwﬁﬁc&ﬁﬁmiRﬁnﬁﬁ%&@ﬁﬁ@sd'”E”S'Ons tO meet the
original aerodynamic ‘intent of the part, as shown schematically in the
process exanple set forth in Figure 3 and does not suffer a weight
penal ty. Kﬁiplﬁf@raﬂescnt&d@ra@nsamﬂsagemhyatﬂeﬁe repaireandhesiutbishi erarpansatst he
Ieng' ne ef frrlllocf'e ‘?ﬁ‘% 4 0 W a8L Lf %ho%lc{ E@gﬁﬁ 93 rﬁeasl?lfe' 2 LERR tﬁlatt gghni ques.
n particura plicant’s havé “ate I'Ncreaseé éengi ne
ef fi ci encyhibiyhes§ f eheam@h&iningoba! aidtd1gnicbr a@pmlnlm&irgmﬁ1clm§Meeigﬁnt s with
that of the outer ceramic thernmal barrier coating 22 to 17 determ ne
ef f ect i ve I¢B¥eEIIigknesses for application of the outer ceramic material.
This process is surprising and in contrast to prior teachings. The
af or e- des%iﬁ@@a&éﬁcéﬁﬁocﬁﬂné&s'aﬁe MR rfe@ Pl eeih it fv@i f gﬁ@‘éma HUfBInSthe
conponents nore than once hi's case, care s & taken to measure
and ensurep@ﬁ&@ﬂmnemaﬁhmmhmeasnbmammm oﬁnhmnmng‘mmmnommbahnmnsmswamy
nlnlnun1t i ckness desi ts Whi | e variou odi nents _are
Gescr i bed herBiny Poviele b Shipr BTl B oF s aptichee SRR A SodR6, 0% Wi
vari ous comkhhati ons of elenents, variations or inprovenents thereln may
be made by those skilled in the art, and are within the scope of the
invention. 18 CLAIMS 1. A nethod for repairing a coated conponent, which
has been exposed to engine operation, to restore coated di nensions of the
conponent and i ncrease
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subsequent engi ne operation efficiency, conprising: a) providing an engi ne
run conponent including a base netal substrate having thereon a thernal
barrier coating system the thermal barrier coating system conprising a
bond coat on the base netal substrate and a top ceramc thermal barrier
coating, the top ceramc thermal barrier coating having a nom nal thickness
t; b) renqﬁbgggihe thermal barrier coating system wherein a portion of the
base net al trate also is renoved, and determ ning thickness of the
base netal substrate renoved, the portion of the base netal substrate
renoved having a thickness, At; c) applying a a phase NI Al overlay coating
to the substrate, and determning the difference in thickness, Ax, between
the /3 phase Ni Al overlay coating and the bond coat previously renoved; d)
reapplying a top ceramic thermal barrier coating to a nom nal thickness of
t +At - AX, wherein At conpensates for the portion of base netal substrate
renmoved inQ b), i ) t e ored to
Sbout the ont G o me dy Rl g B TR HRbn Eotesh
subsequentengingi syerapey d40i wstosf thated ndiynendonsTio€ thet dvathbonntc had nndreaseher ei n

t he engi ne_run %ﬁnﬁénent .S af?h@hspressune _turbine bl ade, and coated
airfoil coNPSSAPERSFRERE PRYRIYY SIENDL SRR 8% ponent are restored. 19 3. The
met hod of claim1 or claim2 further conprising the step of weighing the
conponent ajf pagvidih RnC gngnel r@xﬁ'c@ﬂl&)@ﬁéﬂﬂgnﬁhd{&,\lﬁ PadP et hubbirfit eRvE)y. 4. The
met hod of any one of the preceding clains, ereint is between about 3
mls andtasean a1chermpl bagid ppating systireadipe dheymal (bagrien IcoatBlg Fhidemret hod of
any one of . i cl.aj I ises a
a7 usi on ok 300 AathPt:hugd HELEbNE R0 88kl 1l MRG0

cl ai ns, whetkign theplerthic datmealfbatdier coatify habs anddindl Mickaedsitng. 7. The

nmet hod of any one of the preceding clains, wherein the bond coat conprises

Ni Al coati havi ng, at. | east about .0.2 atom rcent, of .the zirconium
lbsl gremovmgg[he tthennglsbamer coating system, Wﬁel’gi% a portion of the base met;ﬂ
substrate also is removed, and determining thickness of the base metal substrate

removed, the portion of the base metal substrate removed having a thickness, At;

c) applying a B phase NiAl overlay coating to the substrate, and determining the
difference in thickness, Ax, between the 8 phase NiAl overlay coating and the bond

coat previously removed;

d) reapplying a top ceramic thermal barrier coating to a nominal thickness of t+At-Ax,
wherein At compensates for the portion of base metal substrate removed in b), and the
dimensions of the coated component are restored to about the coated dimensions

preceding the engine run to increase subsequent engine operation efficiency.

2. The method of claim 1, wherein the engine run component is a high pressure
turbine blade, and coated airfoil contour dimensions of the coated component are

restored.
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8. The method of any one of the preceding clainms, wherein the a phase N Al
overlay coating conprises about 2-15 atom c percent chrom um and about
0.1-1.2 atomic percent zirconium 9. A nmethod for repairing a coated high
pressure turbine blade, which has been exposed to engine operation, to
restore airfoil contour dinensions of the blade conprising: a) providing
an engine_run hi ressure.turhine_blade including a base nmetal  substrate
made of o ni SReRHR SRty FEr 2 HERELF PR The tHa P PETECHAMENG
system tQSmbBﬁén%ﬁerQ@éﬁé)%d%@l@ﬁ]aﬂﬁ%ﬁVﬁ;lf‘é”ﬂp@HQMds—?é;ﬂd)).a di ffusion bond coat
on the base netal substrate and a top ceramc thernmal barrier coating
conprising a yttria stabilized zirconia material, the top ceramc thermal

barri er cdatihegnethod agany ensrairiae precedink plasns, twhepsin ¢ tsrheiivery ableat 3 malsmal

barrier cgﬁégg téﬁ%ﬁﬁﬁ%m%ﬁ?&%%ﬂm%a%&&ﬂjfﬂg f the base netal substrate also
, an ete IC ) )

IS renove rrmning t ness o e base netal substrate renoved,
the portion of the base netal substrate renoved having a thickness, At; 20
c) applyi g @hé gt ef AhAlonewdrthaypraedingngaitre, tWhherdn st badd coatnsf a)
determining the djfference in thickness, Ax, between the 0 phase N Al
overl ay cGﬁWWﬁ&méﬁhﬂPﬁ%na%m%@@%&%mygreaned bond coat, d) reapplying the
top ceramc thermal barrier coating to a nom nal thickness of t+At- Ax,

wherei n Alg coppensiiess by ohBorRAt HhQRdRE NARR, WRlAlin MDBIALStr&IBVed in
b), and the coated airfoll contour dinensions of the coated bl ade are

restored tompheasta MIRBAIX oeating. di mensi ons preceding the engine run. 10. A
nmet hod for repairing a coated conponent, which has been exposed to engine

compri si ng: 185 S & KR Tt herafE ERb AR B o Y Re ol

subst r at e Niadl eodding havinkg @k Rhstde@id. 2hlogiic pérvem @ f thesifomiug. t her mal barri er
coating system the thermal barrier coating systemconprising a diffusion

bond coat on_the pase_netal supstratge and, a top .ceramc thermal barrier
coat i ng c§n3'}he§1lﬁ °‘§°§/¥I%3’r‘?f§ Qthepiepediee sleires Aitiereadien alpa,segﬁél overlay
coating comprises about 2-15 atomic percent chromium and about 0.1-1.2 atomic

percent zirconium.

9. A method for repairing a coated high pressure turbine blade, which has been
exposed to engine operation, to restore airfoil contour dimensions of the blade

comprising:

a) providing an engine run high pressure turbine blade including a base metal
substrate made of a nickel-based alloy having thereon a thermal barrier coating
system, the thermal barrier coating system comprising a diffusion bond coat on the
base metal substrate and a top ceramic thermal barrier coating comprising a yttria
stabilized zirconia material, the top ceramic thermal barrier coating having a nominal

thickness t;

b) removing the thermal barrier coating system, wherein a portion of the base metal
substrate also is removed, and determining thickness of the base metal substrate

removed, the portion of the base metal substrate removed having a thickness, At;
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top ceramic thermal barrier coating having a nom nal thickness t; b)

I nspecting the conponent; c) renoving the thermal barrier coating system by
stripping, wherein a portion of the base nmetal substrate also is renoved,
the portion of the base netal substrate renoved having a thickness, At; d)
applying a 0 phase Ni Al overl ay coating to the substrate and determ ning

the difference .in t ckne ween. t Ni Al overl a oating
and the | 50 cttiovinhy b ELABOEaT D yeTbAE im0 e YRR ree cieRbiEe TR

cal cul at edﬁ&"erelﬁ‘)e fre glpknekd) dA% hBetivedh &8¢ B bRask NRTATbvAR fk/r ESingORd i tO a
nomi nal thickness of t+At- AX, wherein At conpensates for the portion of

base met alPraipisty wmwvedhondePat.n b), and the airfoil contour dinensions of
t he coated' conponent are restored to about the coated di nensions

preceding ds p@apﬁf}mgrﬁe %H"cergﬁ'lic thermal barrier coating to a nominal thickness of t+At-
Ax, wherein At compensates for the portion of base metal substrate removed in b), and
the coated airfoil contour dimensions of the coated blade are restored to about the

coated dimensions preceding the engine run.

10. A method for repairing a coated component, which has been exposed to engine

operation, to restore coated airfoil contour dimensions of the component comprising:

a) providing an engine run component including a base metal substrate made of a
nickel-based alloy having thereon a thermal barrier coating system, the thermal barrier
~ coating system comprising a diffusion bond coat on the base metal substrate and a top
ceramic thermal barrier coating comprising a yttria stabilized zirconia material, the

top ceramic thermal barrier coating having a nominal thickness t;
b) inspecting the component;

¢) removing the thermal barrier coating system by stripping, wherein a portion of the
base metal substrate also is removed, the portion of the base metal substrate removed

having a thickness, At;

d) applying a § phase NiAl overlay coating to the substrate and determining the
difference in thickness Ax between the ( phase NiAl overlay coating and the

previously removed bond coat; and weighing the component to calculate At;

€) reapplying the top ceramic thermal barrier coating to a nominal thickness of t+At-
Ax, wherein At compensates for the portion of base metal substrate removed in b), and
the airfoil contour dimensions of the coated’ component are restored to about the

coated dimensions preceding the engine run.
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