METHOD FOR REPAI RI NG COATED COVPONENTS USI NG Ni Al BOND COATS FI ELD OF THE
- I NVENTI ON The invention generally relates to a nethod for repairing coated
- conponents 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 bond coat and an outer thermal insulating ceramc |ayer.
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engi nes are continuously sought in order to increase efficiency. However,

as operating tenperatures increase, the high tenperature durability of the
“components within the engi A&SsNI BB@E@bG&éﬂﬁbly i ncrease. Significant
advances in high tenperature capabilities have been achi eved through the
formul ati on of nickel- and cobalt-based superall oys. For exanple, sone gas
turbi ne -engi ne conponents may be nmade of high strength directionally
solidified or single crystal nickel-based superalloys. These conponents
are castFWLChOBIEIH INCEEYI@Nnal features to do useful work with the core
engine flow and contain internal cooling details and through-holes to
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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

temperafure 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 intermnal 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.




Ceramic materials, such as zirconia (Zr02) partially or fully stabilized by
yttria (Y203), magnesia (MgO or other oxides, are wdely used as the
topcoat of TBC systens. The ceramic layer is typically deposited by air

pl asma spraying (APS) or a physical vapor deposition (PVD) technique. TBC
enpl oyed in the highest tenperature regions of gas turbine engines is
typically deposited by el ectron beam physical vapor deposition (EBPVD)
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the above requiremeﬁts 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 continnous 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.

L

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




abrasives in procedures such as grit blasting, vapor honing and gl ass bead
peeni ng, each of which is a slow, |abor-intensive process that erodes the
ceram c |layer and bond coat, as well as the substrate surface beneath the
coating. The ceramic |layer and netallic bond coat also nmay be renoved by a
stripping process in which, for exanple, the part is soaked in a solution
containing KOH to renmove the ceramc |ayer and also soaked in acidic
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bond coat ois enp In the Tepair process, furt proper
advant agstsipping propassase ndht ip may then be restored, if needed, by weld build up

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
secking new and improved bond coats and repair processes to further enhance engine

operation efficiency and aid repairability of the components.




may be realized. Accordingly, there exists a need for a nethod of repairing
a coated gas turbine engine conponent, which conpensates for the base
netal |loss as a result of coating renmoval processes, and inproves upon the
_prior bond coat enployed. There also is a need for a nmethod of repairing a
coated gas turbine engi ne conponent: having an airfoil section, wherein
the nmet hod conpensates for the base netal loss as a result of coating
removal section contour to its -
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i nproving upon the prior bond coat enployed. In a first aspect, there is
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t her eon ore engi ne operation has a wel ght, wo, and the conponent
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_barrier EBEOPAHSYStem wherein a portion of the base nmetal substrate al so
is renoved, and determ ning thickness of the base nmetal substrate renoved,
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coated airfoil contour dimensions, while also improving upon the prior bond coat

employed.

In a first aspect, there is provided a method for restoring adjacent airfoil to airfoil throat
distance of a coated component, which has been exposed to engine operation, to restore coated
dimensions of the component and increase subsequent engine operatlon efficiency, comprising the

sequentlal steps of:

a) providing an engine run component including a base metal substrate having thereon a thermal
barrier coating system, the 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 having a nominal thickness t; wherein the component including the bond coat thereon
before engine operation has a weight, wo, and the component including the bond coat and the

top thermal barrier coating thereon before engine operation has a weight, wi;

b} removing complétely 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; wherein the component has




of wO, wi, w2, w3 and w4 is enployed to determ ne anount of renoved base
nmetal and calculate a thickness in which to apply a top ceram c thernal
barrier coating without incurring a weight penalty; 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 in b) to
restore adjacent airfoil to airfoil throat distance to about the distance
precedi ng the engine run so that the dinmensions of the coated conponent
are rest or ech veighibvutafiehrenwyal of thedthersnag barisr pratugaidigpitrh ecrangl ofthe bond ¢oat;
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conponent having the bond coat of c) and the thernmal barrier coating of d)
thereon is denoted by w5, wherein ws is less than wl. In a second aspect,
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conponent i petaliti ng t he bond coat and the top thernmal barrier coating

t hereon before engine operation has a weight, w; 4a b) renoving conpletely

the thermal barrier coating system wherein a portion of the base netal
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substrate renoved, the portion of the base netal substrate renoved having

a thickness,, At; wherei.n the conponent has a weight, w2, after renoval . of
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phase N Al overlay coating agd the previously renove
to increase subsequent engine operation efficiency without a weight penalty, wherein the

thermal barrier coating of d) is applied at a thickness greater than the thermal barrier coating of
a); and weight of the component having the bond coat of ¢) and the thermal barrier coating of

d) thereon is denoted by ws, wherein ws is less than wy.

In a second aspect, there is provided a method for restoring adjacent airfoil to airfoil
throat distance of a coated high pressure turbine blade, which has been exposed to engine

operation, to restore airfoil contour dimensions of the blade comprising the sequential steps of:

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; wherein the component including the bond coat thereon
before engine operation has a weight, wy, and the component including the bond coat and the

top thermal barrier coating thereon before engine operation has a weight, wy;
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coat, wherein after application of the Ni Al overlay coating the conponent
is weighed, denoted by w4, to determ ne a weight margi n remai ning, wherein
a conbination of at least two of wo, wl, w2, w3 and w4 is enployed to

. determ ne anount of renoved base netal and calculate a thickness in which
to apply a top ceramic thermal barrier coating wthout incurring a weight
penalty; d) reapplying the top ceramc thernmal barrier coating to a nom nal
t hi ckness of t+At-Ax, wherein At conpensates for the portion of base netal
substrate remgved in restore adjacent airfoil to airfoil throat
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di stance of a C‘?@E}? npr?enent which has been exposed to engine operation,
to restore coa e CeH P8 Y drensi ons of t he conponent consi sting
essentially of the sequential steps of. a) providing an engi ne run -
conmponent including a base netal substrate made of a nickel-based alloy

havi ng t her S8rPPRLERE? Buthaso YAl everlapaditing t6 yts@hatratel fnd RELARind AL rdff‘?érence in
- coating system conprising a diffusion bond coat on the base heta

substrate and idkaBssCAL Hhvech coatin nprising a yttria
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having a nom naly; tdy onent [ ncI udi ng the bond coat
t her eon before aenglegégpg%%rg@lm%g gfltﬂ%l&?@ y%ﬁ‘tm& copgorBEondghed, denoted
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has a wei ght, R}?Ealyafter renoval of the thermal barrier coating and before
removal of the bond coat; and the conponent has a weight, w3, after

d) 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) to restore adjacent airfoil

to airfoil throat distance to about the distance preceding the engine run so that the coated airfoil
contour dimensions of the coated blade are restored to about the coated dimensions preceding
"the engine run without a weight penalty, wherein the thermal barrier coating of d) is applied at
a thickness greater than the thermal barrier coating of a), and weight of the component having

the bond coat of ¢) and the thermal barrier coatmg of d) thereon is denoted by ws,
less than w;.

wherein ws is
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conpl ete renoval of the thermal barrier coating system d) applying a (3
phase N Al overlay coating to the substrate and determ ning the difference
in thickness Ax between the (3 phase Ni Al overlay coating' .and the

- previously renoved bond coat; and wei ghing the conponent to cal cul ate At;
wherein after application of the Ni Al overlay coating the conponent is
wei ghed, denoted by w4, to determ ne a weight margin remaining, wherein a
conbi nati on of at least two of wo, wl, W2, w3 and w4 is enployed to
determ ne anount of renopved base netal and calculate a thickness in which
to apply a top cergm g [.eF scoating.wthout i.ncurri a wei ght
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airfoil contsteps aft nensi ons of the coated conponent are restored to about
t he coated dinensions preceding the engine run without a weight penalty,
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greater t hadh PIeXidingaanpaEing sy ¢oapopentitnaleding a byse nzatd sulshgletmale of A@ickel-based
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nom nal thickness-t. The urt'hee tﬁ"g; t he thernal

barrier coating system wherein a portion of the base netal substrate also

i's renmovedy, angd,.c 1. he thickness of the renoved base netal. The
portion of %hg%gagéﬁf&g%ﬁﬁ%ﬁ tétrate renoved has a thickness, At. A 6-phase

Ni Al overlay bond coat is applied to the substrate,”and the difference in
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bond coat ( XAdde) épr evLousI Qi renmoved is.determned (e.qg. %\x = xN, Al - xadd)

The base’metal substrate dlso is removed, the portion of the base metal substrate removed having a
thickness, At; wherein the component has a weight, w,, after removal of the thermal barrier

coating and before removal of the bond coat; and the component has a weight, ws, after

complete removal of the thermal barrier coating system;

d) épplying a B 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;

t

and weighing the component to calculate At; wherein after application of the NiAl overlay

coating the component is weighed, denoted by w;, to determine a weight margin remaining,
wherein a combination of at least two of wy, wy, W2, w3 and wa is employed to determine
amount of removed base metal and calculate a thickness in which to apply a top ceramic

thermal barrier coating without incurring a weight penalty;

4c




4d method further conprises reapplying a top ceramc thermal barrier
coating to a nomnal thickness of t+At-Ax, where At conpensates for the
portion of renmoved base netal substrate. Advantageously, the di nmensions of
" the coated conponent are restored to about the coated di nensi ons preceding
the engine run to increase subsequent engine operation efficiency. In

anot her enbodi nent, 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 nethod
conprises providing an engine run high pressure turbine blade including a

base netal su i = al | oy _an avin her epon .
t her mal bar?i er b%lgglg itng g;g‘%lg?ﬁ th healfﬁ %1%1?%%911%%& oéli‘mgcléglfﬂfﬁgg{féh&_rﬁx’ wherein
conprises a diffusion bond coat on the base nmetal substrate and a top
cerani ¢ t her nff cosapansaies ferthe pprion ofpasesiaty sabsyrateremowiddhic) fozestormiadiaoent airfoil
material. The top ceram c thermal barrier coating has a nom nal thickness
t. The met hot® Ffeil therat disteped toaboutdhbdistanccteceting ilredngherun &y thaowht hinil
system wherej i on th ase netal substrate also is, renoved, and
det er mi ni ng t%@“ﬁjﬁ g %ltélé) gs %ﬁi‘e f%age F SRRBEN BERIESREt &9 abophthesated dipegpionte
base netal sulrstedateahe ampncadn badoat a WEERKREAS, whbreinAhStHRAAAD NP0 TraYis

bond coat is %@Plfﬁfd tE.o--.the substrate, and the difference in additive
| ayer thi ckne®PPlehdt a thickness grepigpthan theybermelpargierspatingnf afmdiwright afithet he

bond coat pr exipfitnt ihEHPURGoh® AR LEEYUIFEE thEmB bA%ercoshhAbt d) ai980n is iSted
met hod further conprises reapplying d& top ceramc ther arrier coati ng

to d nom nalbxtws shewiswos lessfien A% where At conpensates for the portion of
renoved base netal substrate. Advantageously, the di mensions of the coated
hi gh pressure turbine blade are restored to about the coated di nensions :
preceding {he engine _run to increase subsequent engi ne operation

ef fi ci ency! 'oBgpfmbedimenty  enethodr for neegaikiogy & @opedveatspoheiid her t enper at ure

reducti onsyh i i i {nc es ceramc spallation life, which
| ower s subséﬁfjgﬁbg%g? Ji(pril)gedwlg&% %a%‘hgt"@%%i“’gx ef§s féé?ﬂgtF‘ﬁ dmensieng of Bsai r
cycle, angomhbsnt ahd ingreaeistibseqiientt digine SpdrRibnEHERALE Q% &#%%@%}A\yrhgx)

- .

a}dvant age el %onqgﬁse%ep%%ﬂi.ilggveag Eerrllgrir?g gnr}ntpo?np%?lgriyttt Iin?:?ud(i)ng 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 nomina] 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 B-phase NiAl overlay bond coat is applied to the substrate, and the

difference in thickness, Ax, between the 3 phase NiAl ove!'rlay coating (Xnjar) and the

b.ond coat (Xagq) previously removed is determined {e.g. AX = xpia; -~ Xada). The

4d




5 Applicants have further determ ned that the N Al-based overlay bond coats
enpl oyed in the enbodi nents disclosed achi eve a nunber of advantages over,
for exanple, PtAl diffusion coatings. These inprovenents include: about

- 2-4x greater TBC spallation resistance; TBC spall sizes |ess than about

0. 25x that of PtAl diffusion bond coat test sanples; about |ess than 0.5x
coating growh into base netal, which enhances repairability; and

oxi dat i on metked furttee @myirised ecepplyingl bt t@imichaRmhNebii®t coslidef 4shon

Coat L e R 97 R el O ok on LSt Sl ance my be
o7 Dase, LS ISGAUT! OaERAIR 55, Mk RO0M a8 ThnplpFL T (a1

these Pt Al diffusion coatings. e property i e the
Ni Al - baseé&estred |tayaboyhtthe gepatednpinggnsns rpredeeingn en tehgine auinr & tihoreast or

repair apFﬁ'g I . | i.cant.s .al so have determ ned how to conpensate for
base neta qso sehgé%%%n%ﬁ?tfonoqft%c‘%%ti ng renoval processes, and al so restore

airfoil section contour, to its pre-repair or original coated airfoil

contour dilirensthensmbidiibitlta MelBd dBt rdaRHt y-co&@&'%ﬁgtﬁpresgdwor tant advantage
of the enbadi n% ts is.that resulting airfoil throat“afea restoration wll

al | ow t he™ippPlides whichhambeen sepased 19 ergian ppratioty rto arsions| wated dinfoihg
convent i ofdtour RAERsiGs S YhE BB Jae;s ent . qahout 3. mls of underlying
base met al t.%i ckne_sssI may e%?dgr%bl\?edd%l%ggﬁg%ggp%lgg‘gg.mﬁP@?S RSNG|

1 oss of bengine mothich pagssive tertinr bide estladind @t Bust MEctilr @HSKAE nidld ULt i on
side of an ai_i)foil whi ¢ch slates into ahout a 6 m!| increase in throat

ich 1t
di.mensi o ER-Op3Ed Aoy ving dhereaiha thegmak brrierseogting wstern. e dhrgnak) . Vihi | e
t.hi s i ncrigase dotif@RyNeth Waiprishea Qﬂ%&gf?&ﬁi cOF%n Rk b%.gvﬁ{e?a? ls}{%s?{a%egft the

mechani cal operation of the engine, cants have erm ne
oper at i orfgf 7 iteit epregnierdhernal datritr awiating Iepmadiviag selytriaf dtetiliad. zirdorhodi ment s

pr esent LAno i ve, nuch need solution to the agbqve, problem which is

i nex pens%aetbljt?% Yﬁr;p '\'eé’ﬁecne‘tra%aﬂﬁwéag qﬁ’()rlerrcé’&ﬁ‘i‘g has a ornad fhickeess 4 ;/T'h@qui prment .

Mor eover méth@l AOEHRE PomPhisés fenkivigy M@nﬁzﬁaﬁaﬂ%ﬁ] tbatine sg?t(ef[ﬁr, Qetlegigaenced
property

Ni Al - based over| ay bond coat provides even further I nprovenent s
for embodCHm & B¢ bassemetal sbsiratg alsorin eemdved) andedetemdnmgvihattigessswf | be

appar ent ghd am dhg 0L eré%ngTHQrp%rtgoeﬁ[ &t ltheedbase metal substrate removed has a

thickness, At. A B-phase NiAl overlay bbnd 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.2- AX = Xpja1 - Xaaa). 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).




description, taken in conjunction with the acconpanyi ng draw ngs, which
illustrate by way of exanple the principles of the invention. 6 BRI EF

- DESCRI PTI ON OF THE DRAWNG Figure 1 is a perspective view of a high
pressure turbine blade. Figure 2 is a |ocal cross-sectional view of the

bl ade of Figure 1, along line 2-2 and shows a thermal barrier coating
systemon the blade. Figure 3 is a flow chart show ng an enbodi nent of the

process OKFE%E%@%%r defdFrhikd Bt gﬁﬂl%ység\b\%lagﬁgn& AT qgl){ 1e repair

met hod of e present invention is ¢ ly a 0 co €hts that
oper at e wiit the pmbediinents desnlosedc hehievet @ninzlpmt OIﬁydwaatagcs onet, orrdxgmpleenper at ur es,
and are stresses and t hernmal

k@ﬁ Ffore sub .ected,to severe ther
cycling. % 581895&% Hgs. ~ Jhess, BAPTOYTOHE ik n‘gjuq‘f’ﬂcl o tE measr JRE | ow
pressure #palibicierefionats TN aNsAEe foss (hah ra%{ﬁ%) 2552%4%‘6%9&1 &ﬁfﬂﬁ&ﬁ ngﬂfj

augnent or hardware of gas turbine engines. her exanples 1nc
ai rf oi | s, 93k tgfh namplles; abguls dess | thap 4k 16 coatilg ge)wahmam bayee ngal] ivdiidiar

I bi Fi
oA € e B o i ol Rt o B ?5&8% " the
cont ext ofiffngpmicoitings blafiigtionkly, tHaMERk showg s icbHEon Pesi&‘ﬁmc@rnﬁ g"B
recogni ze tha} t he net hod descrl bed bel ow may be readily adapt

repai ri nd3&H§ Bt frerogs il diffusione eptinss gad the offeats O\ﬁnthdn Caatlrlghmr irase bar rier
| | foil 12
coati ng. syehimohiearBbiadinal bELEBH helBIghallt, gg@ Ardion 01 T

~agai nst whi ch hot tron gases are ecte

gas tur blcnwlesgl'ﬂm ab@nrd préyesty impusfearats I&altdﬁml’ee‘ﬁ@sﬂ&)aﬁé&d;%ﬂa yldasmser e
attack by o?[< &e cor.rosjion anfl erosion. The airfoil 12 is anchored to
‘a turbi né™H# YRR atFactivetog rpairapplicaiopsr med ‘on a  pl atform 16 of

t he bl ade 10. Cboling hol es 18 are present in the airfoil 12 through which

bl eed ai IApplicdu®¥ 4166 hiree dété%ﬁﬁlfl&f hdwedf ccfrﬁ&?ikatt@ ?ortﬂaééjﬁlegaﬁ) jost 3§ al?'%?fft Jretal of

the bl ade 10 may be any suitable materi I ncluding a superall oy of N or
Co, or c&p¥ingaemenal pypcaspesanntl dso restoad eirfolll spptldme:oﬂlmseo B tpat-répairar

excarmpl o, CPpH, s34 ST Loflopl Aoty Silioul ez PR av B #densi ty
of about BopodaitcaBanthfe ofShe agibodificaiNeSthat resulting airfoil throat

area restoration will allow the turbine to run much more efficiently. For example,
during conventional repair of an engine run 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,

Enibodiments 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 pfovides even further prbperty

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 111ustmte by
way of example the pnm:lples of the invention.
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7 of the airfoil section 12 of blade 10 may 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

t he bond coat 20. In an enbodi nent of the invention, the bond coat 20 is a
di f f usi agrEFabERgRAECNOF PAsHREANEf the blade 10 is a directionally
solidified or single crystal N -base superalloy. Both the N in a

ni ckel -base superalloy and Co in a cobalt-base superalloy diffuse outward
from t hdigwpdtip aperspectiverviavdpf 4 bigh presalmgtimbirgddadeand t he superal | oys may

i nclude both NN and Co in varying percentages. Wile the discussion of the

R t .in,t f Nibase. |1 oys, .id will b
onber ot dagrBIoR'd B OBk atub VN Be fle Daic BT Bt Brdont e gt i oy,
t he bondhewst tiR@mablarrieosRihg Systenhbhi Aebls@at i ng al one or in conbi nation

with a diffusion coating, as well as other suitable known coatings.
According to_an enbodi nent of the inventiaon, the diffusion coating may

_conpri s&18WF Ayt & oW chgtishpemean smhediaent of dienipensn gt Heirentistal s such’ as

Pt, Rh or Pd and/or reactive elenents including, but not limted to, Y, Zr
and Hf. SIEAMIHD vHSURIPPRONTSE THRMNYEPIGRA on the component in a nunber
of different ways. In brief, the substrate may be exposed to al um num
such as by a pack process or a chem cal vapor deposition (CVD) process at
el evat edheapiser melod of themiesenbinvestidn is mgneralyrapplbeble do avinpgnenty ted as a

result o Lf jon. -Nore panticular a, nickel. aluminide (N Al) diffusion
- coati ng ReS Bl bR SR Y e B by R ief R Bl il by
"€Xposi Nghdréforegibfdcted!t stvere thetthtINgtituess lahg her@AV EycHATE Notile Slmyated

tenperatures. The alum numfromthe outer |ayer diffuses into the
subst r até SEHHCeBpeReHESingluds the, Bigh midelowd pressise ferbunet nageles fand rhlades, substrat e

to formg QéJtc%Enng@ i11729rCfndN c h ropation of th gating is
the res uﬁauof’ a di %ufsﬁl I&)Snénp()irl\% sqsn?&i ?&}%ﬁﬁe %égse%ﬁgfgglnf%aﬁ)tﬁ?{er e are
chemi calexgnplds enfslecdirfils, angendshl, and stk |pags sotihey valesmeIdespartitnaver, Al
will have a hi. relative con%entrgéion ﬁ‘t . )
: 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 (not 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




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
alumnumto forma nickel alum nide. The concentration of NN in the

di ffusi ogy #RNEri |skot¥dd ¥2 38 bldde diof flﬁﬁ%ﬁ rngtde%rp rrpgé ﬂti&n%‘hﬁ%nq Al a

| evel below the original surface, it Ion o

‘subst r atreqigemenitnt ai ned, but the Ni concentration in the dlffu5|on zone

w | | be | ess and wll vary as a function of distance into the diffusion

t th t f f th
e ol e, Tof SR 1 End Rliay L S ke ted SHEG Breal S Shuitsweheen  t ne
outer surg, @H@w@ﬂﬂFitghﬁ: Dr gy m@hnaa %Eﬁié’r%bﬁlr%os?@@ﬁi fah P Bompiie £FORRERL] ation

gradients of N and other el enents that fuse outwardly fromthe

subst r at%0 @ﬁﬁpsﬁﬁ@ﬂdb‘%)wstl‘éfd of ladeilQuand a¢erarpicathenmal bairfef oedtmg 2200 bet ween
t he out f e article and that portion of the substrate having
its orlgtl0 Fl gca)bfroglggf) |2tce))n O course, exposure of the coated substrate to
an oxi di zi ng atnosphere typically results in the formation of an alum na

. layer oMeran érebedinleat ofdhe riiwﬁnden cmatﬁong coft PO &t Idiﬂ’ﬂsiiinucmaﬂh end Al )

diffusiqn coatin y. be formed el ectroplatin in |ayer of

pl at i nurh3s% &pet ?lhgf ﬂ'fecg]égaﬂgs’é 3 gt (H@ﬁyt@ @ﬁ?ﬁie‘éreﬁ’@gﬁ%l %ﬁia]t Midrsfess.

Then, e el evat ed
Cemper e B B s e Y Ao B R By

di f f usediffinseooutwnnd freadhs swhistrhtetth eforph alf fifursion alAimrtlﬂm sadrthet supexalldiys di f f uses

i_‘f.dutvvard from r chan t he conpo of the supstrate,

whi | e al'of H}?ﬁﬁof?o]?szg% Wgrﬁo 1 ﬁ’f’%’]%gé?e’fcﬁ?%@@gh g\hé{eptﬂﬁtdi‘sﬁﬂ?ﬁl‘?lhf’ then s
di ff usi gap&ansy afbstrite ntdylietih drths oFNIbasE AREAGys St ﬁﬂpﬂéﬁrﬁﬁrﬁéocﬁtﬁﬁt N)A are
f ormed by exposing a substrate electroplated with a thin |ayer of Pt to an

at mos phér €obpgensunsraloyihitraamag bevampdyade nﬁmxlmrbrr . boid ¢oab20 amaym num
di ffuse trate and N di in the opposi
~directi %n i ﬁ@%g%@y}%t&d%ora gg ?fégéf) he' T lﬁ%tfognw%ﬁgsﬁﬁoﬂi Cfag’ﬁ%saéév
preci pi taglothepstitadle ki®indoatigsso that the resulting Pt-Ni Al inter rret allic
matri x may also contain the precipitates of PtAl2 internetallic.
Precipitati o of PtA % gccurs if Al levels above a
Accor ing to an embodmment of the vention, 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 mickel-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




certain |level are achieved; below this level, the coating is considered
singl e-phase (Pt,Ni)Al. As with the nickel alum nide coating, a gradient
of alum num occurs form 9 the alum numrich outer surface inward toward
the substrate surface, and a gradient of N and other elenents occurs as
these elenents diffuse outward fromthe substrate into the alumnumrich
additive layer. Here, as in the prior exanple, an alum num rich outer

| ayer is ' i Lhel.ude, b .pl ati num -
al um ni dg%qg@l%%g?%&ée&%?%&?ﬁ ?fl[e{{scfha‘&ﬁll Eh\éﬁ}é&%ﬂ% ﬁcs? !lgﬁmlwgﬁtesr(ﬁ{)égﬁlor\l/v“ft%e out er
| ayer i sthecsubsttatel credngia diffitsivd muinekslendingint the ceipatal REbstRKpasdtigs of the
coat ed s#?st rate to ari oxi cibfm ng atmosphere typically results in the

for mat i oft! GPRCERIBfATE 1] ggﬁépa degfenss vath Ingrepsing (distagice Antg; the sebwiefags al so
i ncl ude ‘ ClA9 ' W Al I NG, or m of
Wi ch 1 et Bed i igte R E SR RAEE BUMEL B SR RPM il Bt

conbi nat inta thei thin laydri af slunehemt to dptnatenicke] pluatinideinTharongenahtier oSNt abl e

coatings. The.gverall thickness .of. the diffusion coating my vary, but
typical I ';Bﬁ)}h O%éonegwggi’@? a_tsﬂbﬂl S%P“Waﬁglﬂsrt]qrﬂ’c@@sﬁ@: S‘Xhﬁﬁ% C’land nor e
typical | yelawhbeﬁgﬁ@umﬁgﬁ,qiﬁes ihiREINSS cOnPARidEMES shsttdld ﬁ)ain'td;ﬁd;' ckness.

The diffusion |ayer, whic grown into the substrate, typic may be
about 0. 0wobe D gouBniraismag thodifugiod avne $ill badese and ywpll vatyt 3s a fibotion 0. 001

i nch il) t.hi ile th t ddi tive | i th
bal ance, O SbiafseMienli oiHhsigh 2oF BYF FuRisdhocalBon A iBERE eifiarera new
nmake cosnppoebf th¥vitidlaVegRdehf ésrpnghenposiaah ooNi ahe Wl BrRPB4weaehes

(about 2.4 mls) in thickness, including an additive |ayer of about 0.0012
Jimches (theputer prfacgrad dhe eriginal snbsiraie prmpssitigyo (Fheozopoantratins esadignbout 1. 2

mls). T ' L Wi 0, r.epr nted by
o Gor atg st E{diheric s BaP URnd? i3y R0 TRE Rtgle B e UGBS e “hond
coat 20.alGeimum,Al, trese aaliffindon ik bedaddnrie dRerAyface8Pthiesetidle bhy that

partially stabili ze% ttria-stabil i_z?d zirconia and the like, as well as
ot her |_d%f€%fhaﬁ€mﬁ ﬁ%ﬂt%kﬁ\a%g U5 Qe rameesiten {Of GaRrse, srpoREefithe Exanpl es

of - sui t allaRdCRLAIIE Fo bl Sk iEEn A BMEspRae FFpika) CHR o |
stabili ze(:jCI with about 7-8 Weigght Sgrcgﬁ?pléfﬁ%ffgg?l&gﬁloﬁlg fgﬁhgét?&ﬂ%fg% ceramc
t her mal alampilayer overtthegskel Bhanin#teavatng. her mal barrier coating 22 may be

applied by any suitable neans. One preferred nethod for deposition is by
el ectr ONy %?a%@u&hz}ﬁlinfn%e (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 platinam. 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
solutton 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)AlL As with the nickel aluminide coating, a gradient of aluminum occurs form

9




vapor deposition (EB-PVD), although plasma spray deposition processes al so
may be enpl oyed for conmbustor applications. The density of a suitable

EB- PVD applied ceramc thernmal barrier coating naybe 4.7 g/cnB, and nore
particul ar exanples of suitable ceramc thermal barrier coatings are
described in U S. Patent Nos. 4,055,705, 10 4,095,003, 4, 328, 285,
5,216,808 and 5, 236,745 to nane a few. The ceramic thermal barrier coating

22 may i o f: ' 7] and
about 0. D10 PR RESHSR Rt b BB AR bR e 283 g B 8" s
i nches (181 and lother plenentst accersgantheseekieets diffis ogakard fothitleksubsisatshoul d be

consi dere om.nal, as . desi.gn and nuf acturing may intentionally vary
coat i ng iy erdByet By SR 50 HSHE 25 Th NS BRI PP 6178 HIE 0

i ncl udi ngependr ¢aRE 2%t AethaTufter! RRLER! whibRIhPindaRt bitd e;ﬁgth{fﬁﬁ/ be
represented by w". The afore-descri bed coated corfponent, neeting the
aer ody nagtiumirdileseargl winkel dlurnndisd whyle dediffimionviagsr ealewertbe outer dayseriyvi ce i s

t hus expgosed,tq hi.gh.tenperatures for. extended_periods of tinme. During
ihis oxORiR Rs R GRS AN e o g R UE ST (A LPRAE B th he
subst r atgxidizim@yatmodihereetypRally #ésulthen et @EAddnlst SNowBYagePeMduma. t he

diffusion couple (e.g. coating A |evels, coating thickness, substrate

al | oy coHisbls alppmidagaatings dep bebulg)the cammerciatiyavailaie Cadep aliminids

R exposure,. I Wt n r lLraoRl 0cess of the present
I nventi ocr?,a hﬁ%gﬁg%@@gﬁg@g‘gd]d%F%%de@&&'S' E}tcﬁﬁoagﬁﬁzegégr%ﬁ\%ﬁwﬁ &h engi ne
servi ce combihetiohiwitdi a firss plect@late of ptiehem Parend diBeraiittblk coatinggar on the
part, particularly with respect to any spallation of the outer ceramc

. thermal Rarrier _caatin o ection may be conducted by any nmeans known
”"r’)n the arie OYGiH HHaﬂﬁsngéﬁ’l d ﬁ’g"’fal tHeHES Tt VBEnREY BRtcally 1aBeret B,  anong

th ) , I i i t estore
others. dfaBe@as 8o 06048 hiRes@Ys Hﬁls)?%m/ﬁwréc @@g&r%hlg rgl er% raps'%t ®007

part dimensions. Next, if needed, the outer mal barrier coating
22 may bechesNBdnehes (2-3tthids)ohdiekis. Bie didbmmukayannwhichtih groavt intd ncl udi ng

chem cal, st rj pping_and/ or chani cal C es.. For l.e, the ceramc
R Lt R S T
caust i C t@picalty, a%6utemod OincHéd g BERILCRIwhil! BEGH@S2ddRRR 1898aBnfprisBer nal
barrier coating 22 also nmay be renoved b}/ t he
' . the balance, usually about 0.001-0.002 inches (1-2 mils). For example, a new make
~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 deécribed 1n U.S. Patent Nos. 4,055,705,
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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 ceramc thermal barrier coating 22, cleaning processes nay
be enployed as described above to renove residuals. The bl ade 10 may then
be weighed 11 using a conventional apparatus such as a scal e or bal ance,
and its weight denoted by w2. The bl ade 10 al so nay be inspected at this

stage, fopnoeyedRl s R8s, 5Blic 08 ARk 9985 749% RS BRNAGR!drEi Rerk@Ehni ques
to further detérmne the integrity of the blade 10. The underlying bond

coat 20 bayiet deafingha2 mmhiel'e@a ﬂliﬁmemb(ahé bﬁﬁvmiahgutrfe@%ddfh%l(ﬁlmgmd the art.
Ho , I . 0, | i
convent | 8ftst OpbRndtEe R E miflad GoRHD aRPe 5ERT of hewio PIT B G cat ur s

of the Rhigdficke afEndécpties! TR oitiigehitRhess SRSuldBe EoRAF QIR inal, BOT :
exanpl e, a high tenperature wax capable of w thstanding the chem cals and

t enper at design enp|rogndadtyring meaybdnentiosally rearn capting dhickegss baoundd it ed into
the intefnal Bor tfh%%é%ght}]&%hé)bﬁﬁg 149l ﬁifng%%n&‘@xatdz%sdnhec% AR A
nmechani ca processes sdcn as e use O]u aprasive nateri afs or chem cal

pr ocess ebarfielCcddafisg 20RO bS retesdn®dibyti,ons, typically a m xture of nitric and
phosphoric acids, nmay be enployed to renove or strip off the underlying

~bond co 20. In the case of netallic coatings based on al.um num chem cal
et chi ng raé?lﬁ-fpeﬁq{@egr epeipd FRURAPS e r BEE M %fﬁﬂfg)%@l% hEmeBEPI%t chant
di ssol Vhi%&nh.@k?b%?ﬁsggfng&rhgﬁ ehterddSatd!sbrvdde i ﬁﬁ@tekg&se&‘té Hit%glg;[@[n _r&tfﬂ?éatfo{my be

enpl oye Accor , during the renoval process a 3 mls of the

i nt er di féxuewldd pagats| ofitimge. bReBng B Exmstst thatbend wagt KWemap goowe throtgr eby
‘resulting,i decr. e in airfoil | I, thi.ckness.. . The additive |ayer of
the " bond izt et PySzalRy. THoren b Bt oRi gioas AR ol 2o, may
be renmoyeddirfibibR! cHBIPI(8LE coRid N1 [RBRY Rbattfy tiNEk RS aMiystrhidehigyt barrier
coating 22 and underlﬁgjng bond coat 20, any enpl oyed maskant al so may be

r enov ed . comngisitiop éNper Stodbasedipd derepsratuiend imoe! e¥ppsitar naces, anong ot her
processes may be enployed. The part may be conventionally cleaned to

cl oan; ngrEERaraaa g SR e YELE prlcldt A0 oo i G Y S og
t her mal - dvatedi bdadecidq isihitth IsagHeemréhiioved from engine service may be first inspected
. to determune 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, mcluding 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




renmoved, may then be wei ghed again. This new wei ght may be denoted by w3.
Accordingly, w3 wll be less than w2. The difference, w2-w3, may thus
represent the weight of renoved bond coat 20 plus the weight of the
under | yi ng substrate renoved during the stripping of the bond coat 20. 12
Vel di ng/ EDM and ot her processes al so may be perforned, as needed, to repair
any defects in the underlying substrate, such as repair and reshapi ng of
tip di nepgi I : e 10.

AP i Cany g B Eon oK N ol TRl O BBl e e PRl BE°. epi aced
w th a NwAl Tbybladay0 alsoanaynbe ipectad 4titeis siagpyr fov exhmpeef mr Féineehnodues he

thermal baryier coati st.em be .reali zed.. Bond coat y conprise
LN A Bt on i G eI SuE e Eief e infrg e SP 068 B enr o
including but not limted to Y, Zr and H, with C being optional in sone

i nst ance¥he GAderBAEBORI cHANTD GRS théd bEBYmMESRT &oth BRAY!03%kiA) medoagi C
percent alum numso as to be predomnantly of the /3-N Al phase. O her

sui t abl ekuaydt imiys arlor Hpwaercprer iremeyplefethe pbees et eddy @8, ifresioathon! v

pop! 1 oot s uighel REhe Wbyt e adar e B e R MR "coat 21
may not bleda 10r adi prodeal ardi irfterghlo boalngniroind eerfdvaliCr PorY egaple,ng, hipiit

i nstead may advant ageoagﬁl y.be a N.,Al _alloy consisting essentially of nickel
and - al UFTIRGIHYR & SAPlsPhyitbst tischemicalsend temperpiges gmmleed s been

unexpect @dl¥ng EQH Bnd i gﬂé@?&ajy%li %Fﬂgﬂ%tsmn{e%@gg?’dn%dlé bigaffo.a thermal

barrier coating system exa zirconi um tions of at least 0.2
atom c percent (e.g. 0.2 to about 0.5 atomc percent zirconium have been
~’shown t oABerpmiyfdesizent myskinmg meacbaniba prodesses fuch astthe nsedf dbeasiveanatenids i ng

‘system Bo%d coat 21 thus,may be a ni ck@]lt. al m'.nai}{fe bond (}%a_tg cont ai ni ng
zi r coni uth“"BINA PW@FW%@CBP@é%?ﬁoﬁﬁﬁ?lpﬁo 10{1%25'%9 Yt HHAS O THHC a5 er i bed
in U S RabptitrictacZhdndlbe Shiloyel! toyrentdB8 Gr GBEF oBkh&BHdBRiRY BelRnidaant |y of
the (3-NiAl phase wth limted alloying additions of zirconium and

chr omi u0- Fdp thsasgrfanctplis goaldngs rsedray ahineigume gheraical efplng whetel at oni ¢

‘per cent ram 1 1 zi.rconi u for_inproved
. spal | at itgg aﬂfeplséjg gdri;)%lee?%%u% %B@%g%sog%a&oeﬁ%aﬁgﬁ SS%‘EP“ otglf: “Oqng as a
: result of reaction 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, w3 will be less than w,. 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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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 pronote
oxi dation resistance. For instance, bond coat 21 may include additions of
chromum titanium tantalum silicon, hafniumand 13 gallium and
optionally may contain additions of calcium zirconium yttrium and/or
iron, asydeff %/EW ahdl oi“ljleggr(f)c%gs%g'ralsg Iﬁashﬁ E)grfoﬁ%d 2§ Badded Lo BYaiP8n pp! i ed
by, for exanpl e, using a PVD process suc magnetron sputter physical
vapor degafsits inathe ondalyarg subsirdesnciphyspaia hnd/r;qshapmglqudxmenmnsl-lomever :

ot her deposition t echni ques also nay be enpl oyed. Bond coat 21 also nay be
appl i ed any.

The. bond cBAY e o BULGIRR: Gbatplist 10 i S 0B0a APHAFES) P0YF about ©

mls (Oadiidfta du§ » daBghif®y tﬁaYHf%@hﬂ)ﬁoEﬁZ@ﬁB'ﬂe céd)whﬁtmm Medy 1 mi|
(0.001 inches about 2 mls (0.002 inches Bond coat 21 al so may

typi cal |goahag(§1aﬁlgthélamro‘a@?cﬁ>qrfm@an¢eacyfethe theratal harrigeeqesiag sEBOUMAY 5-2 ni | s

(0.0015-0 n th| reV|ousI fusion
bond coal® rfglzzeﬁa\%l% glg Cg%trbaldaa Sg;?g? vefla}ic ﬁm m?aggcb%ié i nches).

Bond coalifAlantayadiee ARSI ﬁﬁludlihg,s‘tbtﬁhlo&hﬁm&ﬂ% Yo & bd BIfN witha®r whidg usi on of
the bond coat constituents into the base nmetal substrate. For |nstance, a

di f f usi RAPHEBACINCFOmMGINstaisse FARAXAIRE PRIk e & InBigy enkaih Fapt S0P PVD
techni quasy,ie eréel{t%ﬂﬁgﬁ@n# SY &k t8%be bﬂéh&%ﬁﬁhh%fttﬁé ‘Q@ﬁﬂut Pfsbongigoat 21 and

substrate prohotes mat r on of Init ayer essentially pure
al um nunsuitsbld epatprge fart lemdtchet l imalude thusé dederibbdin @mﬁedylasmgmﬂlUISnum oxi de

LR S4eln S5 YR Ss B, HIASES, BIGRRATSRA DS amebi ek Regcher en

Eaa %

!

21 into {heo3Hpst 6/8is 618l [@zm%tgstrate materl aI may be renoved during
r ef ur bi shrrent of the thermal barrier coating system when both bond and

ceram c ers of the coating systemare renpved to allow deposition of a

new bonoB ¢oah Al maeneinieca tragwiongndifiieion whoninidecor MEBAIE gpatingh hvie
dot e PSR AGRLAR B S, MY (BTSRRI ol o™
" aluminum 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, zirconium 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 f-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 resistanée. For instance, bond

coat 21 may include additions of chromium, titanium, tantalum, silicon, hafnium and
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| ower coating growth. Mreover, Applicants' N A overlay bond coat 21 may
have a density of about 6.1 g/cm 3 which is |ower than sonme 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 overlay bond coat 21, further 14 property inprovenents may be
realized without a weight penalty in enbodi nents of the invention. After
appl i cat gl addGpiodMly 61 dodilP A GRAE Grloiwh GBS g%tﬁid??%nﬁ)%r wei ghed
again to determ ne the wei ght nargin renaining. he Wel ght of fhe part with
t he nevirgn, apgeéscablediorld ScBatent1153e343be denoted by w4. Bond coat 21

advant ageously grows considerably |ess than typical diffusion coatings in
t he apply i Qcess and.. during engi ne operati exposure.  Accordingly,
downst r e%‘?ﬁﬁitr 8%‘% ?1; n\%\ﬁl}f I%er %’&IFS%?YH ﬁ&seggmﬂg%e S & ﬁp@sgpoc?*f‘?es“"h as

vei ght / tRhgleRen Sspregi phytieAlRivabdrg depRitRa s eéieétfbnd%ﬁﬁ%lﬁﬁictaheva?ﬁf ckness in
which to apply the ceram c thernmal barrier coating 22 in ‘order to restore
ai rfoi | de@psHitmi Hawevgr: abar depgsifien tesgniquee dlgh maydeadmployadn Rond esabodi nent

t he measur f rl.gi net t.hickness be . | oyed. This
t hi '(:kne?éi %%&%% bgﬁﬂ@‘?ﬁ% ctglalhg S@@%’?ﬁ@i" 4sT ng” tuéséfl”ﬂ?f”qﬂ]e%&gaﬁ%&/ﬁ“&ﬁ%?%e art,
prior toofahpbombtead2iahapby beto@ad ab@s. 0.4 oilse00004 EncReN@esdont!Strhil€ means
such as (ﬁI@br asound, x-ray, apalysis,and CAT scan devices nmay be enpl oyed,

among ot (903 TillTd e FRical o6 pelicd to befresrbost LMY indhakhawh T rom
desi gn speid 3 FRY(D00S ilﬁile%h%oﬁﬁrmgtr%{nﬁlso ,[ﬁia%gﬁi%lélllyn%%\}se:[}? %&eﬁ%&éﬁﬁ%eam t he

base netal after renoval f the bond coa se net al
t hi cknedaydrossh 3t hetwsernalbaass Ul. 3-2 ahild (MO0 LHA00R dnehed) in thgknbss daher m ned by

ing th i gi nal.. tal thick f th t to th
- Foacar edetinbhetyeg R0 Hhu BARRE A Btva I e i eubbAg ot . The

di ffereqo®otDinch®asured thickness represents At. Simlarly, after bond coat
stripping, the part's outer dinensions my be neasured using co-ordinate
measuring machines (CMM) or |ight gages. The three dinensional information
f rom t hSBHGPA lerpredonsited ivsyclya mponprasdd mipinine diffiisipinrdithefewidgn
intent.  Ihe. AVELERE uflh ftlfleeﬁfs@ %etﬁl%ugéﬁas E3P %nsga%Xe,baedilflﬁ%gn %%méa‘ E)f not

more than 5 micrometers may be achieved by PVD techniques. This reduced Ievel 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 limiting 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 NiAl 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/cm’. 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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-Qriginal cer

' 5f§epr esenwkich e apgtli theoombmict theohalebariof codimgC?? amocdaddertstoee afgiensat e f or

“t'he base,.nmet al Io% ugf he substrate ,as_a result_.of the above bond coat
St s

Al ternatively, using conbinations of the weight neasurenents wo, wl, w2,

w3, w4, the anmount of renoved base netal nmay be determ ned. For exanple,
wW2-wW3 nmay be used to determ ne the weight of the renoved base netal. The
wei ght difference between w2-w3 may be nodified by, for instance,
subtracting the expected 15 weight of the previously applied diffusion
coating additive |layer having a thickness Xadd. |f unknown, the val ue may
be appr oxi d. 1.0 . ) . S| t:hi er may be
about 6. OB Sy Sy AR PRy bbb sRARl Wl bfth pdthand 8L

addi t i vetheaypentiohe wei ght of the additive |ayer renoved may be cal cul at ed
by: - ' Add=(Xadd) (area)(p) wherein area is the conponent surface are being

tripped, of ditive,| . \Wadd th tracted f WR-
2w et naPGHeR RE MRS ey B shel2h e Bk G e Veighede.
thic knes,a}aﬁf tSHRBIAhE W HRTERY thrBRYrcRRiniflE! GHETAGEhtUSH RO p4RT WRH Shdknown

val ues: At= (w2-w3-wadd)/(area x ps" perauoy) The density of the renoved

base metrgwlapphé¢daboridooab@lamayy be wianoted brependiond capoll adentagesusixul ar

al oy enpl oyed. . ver. .t he densi.ty .of the superall will typically be

gr eat er n@_ﬂgg C?ﬂ%ﬁg\éﬁyﬁ?ﬁg ﬂﬁaélretXchq 4@%@'99 CRLCE W?%ﬁ%‘@ﬂ?ﬁ%@%&ﬁw may be

corr el at@fing@ngine opeRto® bxpuksiirep PRAcRIMY, (R insRen2 Rpa B Rsl taulin fche base

nmetal . The base netal thickness loss, At, is thus related to the base

net al al®asymeERdessy and stripped area, which are known val ues. The

t hi ckness, At, may be determ ned by: At (weight renoved)/(area x density).

Once det ] : s : -10 the
ﬁ%&%ﬂm}ﬁ egaﬁ?rg%g%@ﬁalﬁﬁg%{afﬁg u!(sﬁc?? d@t‘:rmﬂ?}fh%)ﬁqel?lgg%f ik

mc thernma rrer oa I CKNess, al so

r enoval /HRERSIOR - WRISHT pepaffy) In ofqembediment, (e mgaswseple bet ween
about | g {he(QifiRHh Ba3chRSH ﬁﬁflqﬁ%g&%afbéﬁehﬁﬂ&%dpo%hisi MEde8ds nAPthdTor €

typically at |east about 2 mls .002 1 nches). The difference’in

t hi cknegsysipdlly bwesweeh using tgphnigued bneiwe datthe artt piigkioeapplicatibrnefiianybond coat
21 a1 50 e, A S P BT B B ™
determ rEAD a8 dbvidesrAAE ebehpROd,! BRBhE &tlbrs. Afhe it baseadeh] | f
unknown ’ﬂﬁ)é%?edss also may be known from design specifications of the component. Similarty,
“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

3‘3 g 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 wq, Wi, W2, W3, Wy, the

amount of removed base metal may be determined. For example, wy-w3

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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may be approximated at about 1.2 m|. The ceram c thernmal barrier coating
22 may then be applied at the newy determ ned nom nal thickness of
t+At-Ax. If, for instance, XN Al > Xadd, the preferred TBC t hi ckness wil |
- be less than t+At, and if XNIAl > Xadd, the final intended TBC thi ckness
will be nore than t+At. 16 In accordance with one enbodi nent of the

i nvention, for exanple, thicknesses of about 1 ml (0.001 inches) of a

hi gher deaiht ¥t Ble/lredtbhdiyapSine i i i 4 $hi 3 inches)
of an undefglh inﬁ%ﬁé-base%lI if?lllgl 815‘9 ?%?I%Q%S?%%e%‘%b@g&r%% e%%hlg%}e?%g t he
repai r pkoceddnkpowg,Ahe yalue nzay bxompravmated 1o bavbog a2 niilsc Kitesdensity about  1-

2 mls (0 - I.hghes y besapplied plus. apout . 2- 1]s 4(0.002-0.003
i nches) &3%?%%}&?@%8%@3%@ ¥R rﬁﬁlasbtﬁplreiaélfm qri8go 37-%}8/08{ htg’f sui tabl e
ceranm c @RtAdradditive My Olfie weidBi dithe PGV My Hembidd Iﬁ&%@@&&%ﬁlﬁ‘l@d bhe coated
aerodynam c di mensions. The coating 22 or other suitable ceramc”thernal
barrier coatjng may he applied to the newy determ ned thickness using
* convent | BaaTCaul(Ge)0) Wherenareaiis| thaFomponert sirface o beingndppadantl how t o
adj ust ther 1,20 Wor.o i Leve the, new thickness.. For exanpl e,
a new ta@é@g ég'r thiﬂ%}lﬁgi?l{ eéallilgﬁs u%’rgil/& (_ghglgtew G g%eo“"%ﬁgvé"df ngb%'iuﬂél?%ew
t hi cknessecighi ofyempgedNsbase soperaisy. ThethlBGeny sfthupenlltpyenaseamdy 5 the new
wei ght gain b ddi ng ti to the coating operation in a prescribed way. To
establis t?@b&@:‘??’@n ng@,wﬁ UGSk AHD (W2 "t/ 6482 p&ntesiomay be coated with
the ceramc thermal barrier coating and wei ght neasurenents taken at

vari ous TiRAddnBilly of he Gk RBMst AL %?SL D%tﬁyl) Tv‘aﬁesadeg)t%h&ihg Hﬁr'qﬁﬁ geesul tant

~weight gain, a particular ceramc therm ier coating~thickness wll

._need t o Myeticus dlles emphexed. | Howeysar the clehsity ofpthe depeaiioynedl typsealiyl bebar r i er

coating I Sl ired. .the coating jay be applie to the targeted
wei ght g%?ér%&kﬁlﬁg ttl:lgt;to ?ﬁ‘%é tclgﬁ%mﬁah&?y?fe éstﬁcg’@f@yt Ca Seﬁ}g"mtgﬁemalé?qer ed

vei ght  geimlatdd Hhite neoett gappdasiedestiRe M@ idehad. ofid Habd seMdi OfYfe May be

represe;ggd by . W wll be |less than wl because of the added ceranic,
whi ch ha@sg 1 chaessiloss, tiats Hmatrelagd tonther bavpvaealoaldey densidy. and

Advant ag H%:egz ﬂhﬁh%Movﬁf@ﬁlﬁ&. Oﬂ[%ﬂﬂﬁﬂésa,ien alfn% Ll})%o g‘g;%l\éﬁel(@%i: b tgﬁt Cg? t i ﬁé

has the restore I mensi ons to neét e Of|
part, as Gtught rentrexdi(dreat dynsity).t he process exanple set forth in Figure 3,

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).

ST

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 xnja and known value of x4 and
determining the difference between them (e.g., AX = Xnjal ~ Xaga). If unknown, Xauq
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
mstance, Xnial > Xadd, the preferred TBC thickness will be less than t+At, and if xnia; >

Xadd, the final intended TBC thickness will be more than t+At.
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and does not suffer a weight penalty. Applicants have advant ageously
determ ned how to increase the engine efficiency in contrast to the
teachings of prior repair techniques. In particular, Applicants have
determ ned how to increase engine efficiency by, for exanple, correlating
t he above weight neasurenments with that of the outer ceram c thernal
barrier coating 22 to 17 determne effective new thicknesses for

- appl i catyh oRcAfladdeewRN oRE &fcaThEnt® B! idlentiofN kst XafpRS ShickndidsPs4 Si ng and
in contrast to prior teachings. The afore-described process also is

appl i calsbeuttlomrldp A0t inwhas)rodfalm gies dewsirPoAbdifsionboad terid0@nd @boutd t hi s

case, car | d be.taken to.neasur.e a en hat, the, thickness of the
o i RGO U AR REEE SnaraRRE iRl A kALAE el g™ pegnFiien: s

Wi | e ValiigH thea@PAepioBersS @Nﬁkﬂﬂ%ﬂﬁ%h@ﬁh &k 21 Ravihg Witkiblofes apoaci-at ed from
the specification that various conbi nations of e%_errents, variations or :
i mpr overemils (0.0(eP 807 inshys)aayrhe eppliedimusebosk 213 mils (h095H8.088 tnchgmd ar e
within the f € | I - ' . . f ast ori
i acen® aRRGTR Cgohlrpst i 8 cophly 220 Bperou GuFEicitie B! T 07

has beeRvithonos adighopandtynad optlkatdtaing the cosed sredaaatiedintinsiensi ons of the
conponent and increase subsequent engi ne operation efficiency, conprising

the sequential steps of: a) .providing an.engine run copponent including a
base et © CORing 1t thehsHeble GeRuh e btk Copnepey g@eﬁﬁwﬁé‘)@}ﬁst em the

ther mal gy h&ertined HlsaRys hﬁ%fc%ng?éﬂtﬁhﬁ%@thg@é] % Qe RledHEmOSHEe netal

substrate dnd a top ceramc t parrier coating, the top ceramc
_.thernmal wdudd ninderstindt howy teawnilingt sheeoiired préviesiines stot actubreer dien netve

{ donponent. j ncludi ng the bond coat . thereon before. engi oper at,i on-has a
“wei gt , gk o1 Bl GriE EvAd R RS REY PEGReD TS BREL B t her mal
barri er geoad Meickies a6iig RESRETEAGVEE DPRETRT RIS rRaicBhplisiie b)
renmoving conpletely the thermal barrier coating system wherein a portion
of the Baweweishiagain diybiding Emg| tedhe sopt@mgpopsgationna & presemiad; way-t fiockness of

e BTk T SRR PRk B350 Tl
ceramic thermal barrier coating and weight measurements taken at various coating
thicknesses to determine 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. W
will be less than wy 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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conponent has a weight, w2, after renoval of the thermal barrier coating
and before renoval of the bond coat; and the conponent has a weight, w3,
after conplete renoval of the thernmal barrier coating system c¢) applying
a 0 phase Ni Al overlay coating to the substrate, and determ ning the
difference in thickness, Ax, between the (3 phase N Al overlay coating and
the bond coat previously renoved; wherein after application of the N Al
over | ay M&ﬁﬁ&geﬁ&%ﬁ%@a}) Bnebsis 5L 9 ﬁ@%au 19%'?%&??!11 Y c %7[115 Q?éi!&]ia?r mne a
wei ght margi n renalining, ereln a conpinatilon o T wo, wi,
w2, w3 dfids pebcess iesppuiyiegl atdindeneasticprianmoachingef reaned base netal and
calculate a thickness in which to apply a top ceranic thernal barrier
coating it i ncurrin i.ght penalty; d | ying a top ceramc
Cher mar’ Hher 708 e et AR Rene i reast ond Rl SompanBin A
‘conpensahgs thid ohdee EPiné BRcObarb ARG AL SHRSHEAR ERTBMES fift Mo L O
restore adjacent airfoil to airfoil throat distance to about the distance
precedi ribickness eplithre remaindug thaat métel noketrerasy omsniofunt thickusss edestgnnponent
are restored to about the coated di nensions preceding the engine run to
|ncreasé7%65§%&§ent engi ne operation efficiency without a weight penalty,

- Wherein the thernmal barrier coating of d) is applied at a thickness greater
t han t hewhhewaribus babodigfentoatel dgodbedahéreant Wi gbtappfectdi®l &emparRent having
t he bond coat of ¢) and the thermal barrier coating of d) thereon is
denot ed Sewwﬂoah@#b iVATIQES jcempgtions) g ejgments, VRFEtiARS 9bdmprovemEnth 1,
wherein e i D and

. coated g?%}%o?@g%%ﬁt%# g?@ﬁ% %{Ellééd(s)}napﬁe cfoaz?il[d %&lghﬁel%tsg‘gjr e(gfra{eilgt ored. 3.
Q_Phe met hoekntbn.cl ai m 1, wherein t is between about 3 mls and about 10 mils,
and At is at |east about 0.5 ml|. 4. The nethod of claim-1l, wherein the
bond coat of a) conprises a diffusion alumnide coating. 5. The nethod of
claimd4, wherein the diffusion alum nide coating is a sinple alumnide or a
nodi fied alum nide. 6. The nethod of claim4, wherein the diffusion
al um nide coating is a nodified alum nide coating conprising a netal :
selected fromthe group consisting of Pt, Rh and Pd. 7. The nethod of claim
4, wherein the diffusion alum nide coating further conprising reactive
el ements. 8. The nethod of claim1l, wherein the base nmetal substrate is a
ni ckel - based single crystal

&
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superalloy. 19 9. The nethod of claim1l, wherein the base netal substrate
I's a nickel-based directionally solidified superalloy. 10. The nethod of
claim1l, wherein the ceramc thermal barrier coating conprising yttria
stabilized with zirconia. 11. The nethod of claim11, wherein the bond coat
of a) conprises a MCrAl'Y coating. 12. The nmethod of claim1l, wherein the (3
Ni Al overlay coating conprises a NlAl alloy consisting essentially of

ni ckel and al um num and containing zirconium 13. The method of claiml,
wherein the R Ni Al overlay coating i S Splied to a thlckness of about

t
Pegstz ;nbl)at ﬁ&%zog?o? re@?o?: Ogm%lﬁa il {o {n airiiithma{a dlsﬁanc ns%égeof ﬁfﬁ &v@u:gfs 2| aim

1, wherein uda@aééﬂsub&eﬁher%@r{e&,)serﬁ% éﬁi&lnégzomphﬁ RSthel mc percent
chrom um and about 0.1-1.2 atom c percent zirconium 16 The net hod of

claim 1, shereiing béngind rid dpenedt ihaWing@aabdigehillubii@le HeQRPhLS&Sa I €act i ve

el ements. ltherniahbarneetchaitly efstetd, SienhekBal bakieTciting bivtert eapkitivea BInedBAbS are
sel ect ed fr ¢mbebremgricuptraeeng & Spicagmofthdrhal bairierareling, thd ®p cdrsic tretriadd  of

clai m 1, whéreersostine haiwpoverine! thiskngss tavierein the carBpongiténcivdingithel borfd cobtai m 1,
wherein thelt {FE!%’@F"SP'%B cEfialies 2sighb e qpd the sgmpopers ingluging@e B9ndc| ai m 19,
mhereln t he % H?m?%mﬂmg °”?TWE?H@“HﬁFﬁGﬂ”EFa@P&WﬁWl wher ei n

' -wW3 i e noved base .netal; and the
)~ remov com (P tg ] ¥ ge rei _p eb pe
b q %Eﬁ H‘ ﬂf g7 Petoyed base
rrgfgl )rr;aE St ] rg% % is re %ed e?(g ?Ii%%aéhlck e ftﬁ Easegme lﬁdat? remml.;eéjst ori ng

adj acent ai pommfr %ae)%ﬁfgﬂ"g;ﬁ ’g&fe "EI'T'%‘f’t‘: t%‘;{é’gﬁ“ﬁg@%gﬁ%ﬁ%ﬁ%@ﬁ@pﬁg r@glgsur e
t ur bi bl i i 5 eipIg T ore
L Trol conb o e oo Job1 AHEM ST SOPRR [BOCh P RE o ops

of : a) provi |n§°ah englhe run high pressure turbine blade including a base

netal substrate made of a nickel -based all oy having thereon a thernal
barri er afh ﬁlgsa;pspché?ﬁ Niflpverlay coating tojbg aqbgfatey and deterr%mmg the difference in
thickness, Ax, between the B phase NiAl overlay coating and the bond coat previously

removed; wherein after application of the NiAl overlay coating the component is weighed,

denoted by w,, to determine a weight margin remaining, wherein a combination of at least

two of wg, wy, w2, wsand w,is employed to determine amount of removed base metal and

calculate a thickness in which to apply a top ceramic thermal barrier coating without incurring
. aweight penalty;

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) to restore adjacent

airfoil to airfoil throat distance to about the distance preceding the engine run so that the
dimensions of the coated component are restored to about the coated dimensions preceding
the engine run to increase subsequent engine operation efficiency without a weight penaity,
wherein the thermal barrier coating of d) is applied at a thickness greater than the thermal
barrier coating of a); and weight of the component having the bond coat of ¢} and the thermal
barrier coating of d) thereon is denoted by ws, wherein wsis less than w;.

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.

3. The method of claim 1, wherein t is between about 3 mils and about 10 mils, and At is at
least about 0.5 mil.

4. The method of claim 1, wherein the bond coat of a) comprises a diffusion aluminide coating.

5. The method of claim 4, wherein the diffusion aluminide coating is a simple aluminide or a
modified aluminide.

6. The method of claim 4, wherein the diffusion aluminide coating is a modified aluminide

coating comprising a metal selected from the group consisting of Pt, Rh and Pd.

7.. The method of claim 4, wherein the diffusion aluminide coating further comprising reactive
elements.

8. The method of claim 1, wherein the base metal substrate is a nickel-based single crystal
superalloy.
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coating systemconprising a diffusion bond coat on the base netal substrate
and a top ceramc thermal barrier coating conprising a yttria stabilized
zirconia material, the top ceramc thermal barrier coating having a

nom nal thickness t; wherein the conponent including the bond coat thereon
bef ore engine operation has a weight, wo, and the conponent including the
bond coat and the top thermal barrier coating thereon before engine
operation has a weight, wl; b) renoving conpletely the thermal barrier
coating syst D, or ti met a substrate also is
renoved, )aénds]Ei1 :\éﬁ})% O?da’ma' c‘fd’lg'ggasgfmﬁtﬁé"%ﬁg%t%'sﬁé’ﬂcé?l PEeY<trrdipraly ermved

the portiqp, aéﬁmqeﬁlg?érelﬂﬂgﬁér&ﬂ&%eﬁﬁa{m%ﬁg’ Db @Q’n[ﬁis%?hﬁsgness

wherein the stsm&p@wmmm 5 a welght, w2, after renoval e thermal

barri er coatihegnethod obﬂéthEWHi&Bé‘ﬁDmabondCbBattohe)damﬂﬁheﬁéaﬁCrAl‘&Bdauhd]e conponent has
a wei ght, taGTheatfettexd otdim |1eviereietre BAIAl oferiahevatifyeromatises b &iAl By cosatingng
system c) _ & P'}F'lanDfafc eba Wwdc@v@fﬁihmym@@am ng to the substrate, and
det er ni ni ﬂ& Ahoeirob et “ihﬁ’e'”tﬂPﬁ ﬁ:’ﬂ'ﬁb‘%’é”ayﬁﬁat'"ﬂﬁt%@ﬁ tq hibickrephefeBouti Al

over |l ay cq %’E‘élﬁq‘ﬂ?m HEVA e?e"iln tlhgai[ eggrﬁlp{erhesQleasta%o&tozarhmv\epe&,?n fsh&enot ed

appllcatlon overt ay coa onent

by W4, to1getipimmEma ORI 101WherSRInE IBNIA 87BN EdHlng MRF&S Bodut SOBRIAAL | on of at
| east two of panent chvidnium@nd abdutdnid1 Pdtoife pRFRBIQIEMILED det erm ne anmount of
renoved bageThemtetiodandaindl ehereit the & NiAl bietlinemeng forthehtadprises regepley a t op
ceram ¢ therdiehentsarri er coating without incurring a weight penalty; 20 d)
reappl yi ng”t HE "I (?éf 'l"h1§ "(ﬂ‘i’éﬁ"‘rﬁﬁ? repive P'eme%awﬁgct%b‘roa‘ thosevml  t hi ckness

of t+At- e 0 0 CIEE %} Ees foﬁi'ﬁt e rtlon of base nmetal substrate
r enoved |q19 h i ﬁ 0|I throat distance to
about t heoglifife et"%t 0 % cl ehﬁhgg{ |C 'saéta' OnerEthe coated airfoil

cont our denerhslnsyﬂ@d@fcua.ﬂne \emé. Rliad ﬁpl@fe% & e&&rﬁﬁr@%tgﬂt AbRWmdvBEns0at ed

di mensi ons pmekdidige bise n&l&gthmeﬁumss\l\mt R@eiermainstyo (W R Fyhoved k@i N t he

t her mal bar r metal)/(stripaed arga>ansily ofiveseapgahll.ed at a t hi ckness greater than the

t her mal b?a'@rrﬁé]etf@ééﬁr Fastpring adigeent gidil towisfoiythtoabdistarve otoenaterd bigh pisastreng t he bond
coat of c) ahPinefa wﬁsmﬁr@se%@&ﬂsl r-@fat'@p to restere @il ¢ostodenot ed by w5,
wher ei n vv5 |§'mF'é5§°§SP e °°2"§”S'“Pﬁ%e ??E??ﬁ' SEPS €t ai m 22, wherein the

ni ckel - has g hla‘ls % ret r@ qul enacg.ﬁi ng fﬁ)ﬁ t %ulﬁe:rhtg et hod of
Clbal m 22 V\'ﬁ‘é;'y(%kﬂl based ij Ea ving ?erelén laLrthengma! arrier cor!:tlng syste h%ltherrﬁa' bgt:lne%nSI ty of
a coating system comprising a diffusion bond coat on the base metal substrate and a top

ceramic thermal barrier coating comprising a ytiria stabilized zirconia material, the top

ceramic thermal barrier coating having a nominal thickness t; wherein the component

including the bond coat thereon before engine operation has a weight, wo, and the

component including the bond coat and the top thermal barrier coating thereon before engine

operation has a weight, w;;

b) removing completely 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; wherein the

component has a weight, w,, after removal of the thermal barrier coating and before removal
of the bond coat; and the component has a weight, wa, after complete removal of the thermal
barrier coating system;

c¢) applying a B phase NiAl overlay coating to the substrate, and determining the difference in

thickness, Ax, between the B phase NiAl overlay coating and the previously removed bond

coat, wherein after application of the NiAl overlay coating the component is weighed, denoted
by w,, to determine a weight margin remaining, wherein a combination of at least two of wy, -
w1, Wo, Waand w, is employed to determine amount of removed base metal and calculate a
thickness in which to apply a top ceramic thermal barrier coating without incurring a weight
penalty;
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4.7 g/lcm. 25. A nethod for restoring adjacent airfoil to airfoil throat

di stance of a coated conponent, which has been exposed to engine
operation, to restore coated airfoil contour dinensions of the conponent
consisting essentially of the sequential steps of: a) providing an engine
run conponent including a base netal substrate nade of a nickel -based

all oy having thereon a thermal barrier coating system the thermal barrier
coating system conprising a diffusion bond coat on the base netal

subst r at edlarrbralyinoihe tprearng thdrea! vatrier dvaingites nowad ihivgnese nfprAisbngheret tri a
stabilized ziEsRehsntdsBband gihtion bitsd ﬁ%@ta%mmecre&a&%aﬂﬁi tch’@é&b%& acehPat i ng
having a nomdailo dirfdh HEeSStartce YUMBLEA il ERe &@ lﬁ@o%t f-ge bond coat
thereon befcoites AMglcBRoRRMALbRIS A SoAe KA to re edﬁs eaponent

i ncl udi ng t kiendasinet aatin@nd etde rurt Wiholt WkdigH: pdiaty. wmre.sﬂatmemgam&aéreon before
engi ne oper &batiog ol és applisd iatdthickukss gpatemtisqrabd thergpat haeiecanpanéa) andC) renovi ng
conpl et el y tgightdi&errampdnantriadng the baridisgatofeitapdrihb yhegtat bppéregatingbietlei n a
portion of tifEeonfssactadbys Whiasin vt lesathadbwi-s renoved, the portion of the
base nmetal substrate renpved havi n a thickness, At; wherein the conponent
has a WEI tThe\Wft"“’%f’ ‘?;m ?%;Fg\?r&l“ “&ﬂ‘“' alcbasrialignhas aislensity afabewH4sEmind bef or e
‘renoval o e LT %tﬂﬁf)‘ﬁ?llgﬁ? Zijpquia matgdal a2 depsity of gqub,

conpl ete iEﬁ od¥br 4Gk BEL R alerﬂ'iJ i1 502 4lsBHceSH 5 L& cg)n &ggl?

phase Ni Al @xekded¥xfoo&t tb @ﬁl_gi;efb bBforS B8 ra bata ol BdrIFliAbASbns BRnG! 1 T er ence
i Nt hi cknesampdtehebireny ds @opthas@;ubmélst@w ay coati ng and the
previously renoved bond coat; and wei ghing the conponent to calculate At;
wher ei n ad)t providipghn einie eun dbfnpthrf’éﬁt iNlAing 24sd hayl saBsiaicMthdt bRa GeePRReNt s

wei ghed, denlsydavitpytheron 4 therdettarrier cratiny systegthe tramgi iarrier evaing$ysigm wher ein a
conbi nati on C@?Pfﬁm p diffggion gnd edfat quothe Hse mglal syiBtrais endmdtop eeramip theyeadl t

- det er ni ne aRYFFHtOHN gF%\%IaW&?é*%%eélz'f%ﬂﬁ'& recgrial fhadep Céfal"r'ﬁ W‘l‘é‘s@rfleh whi ch

t | nd b thapss T} the ERRORR Patitheseon ht
penct Ty 5 @f%? Ha L R
t hi ckness o corrp I?or dhe po‘l’t i on of base netal

subst rat e, r pERu tl’lé"coﬁ‘%goﬁeﬂt restore adj acent airfoil to airfoil throat
di st ance to g%oﬁ% the di stance precedi ng the engine run so that the

ai rfoil NieRidlinglédPRRadORS thfmal 1Gief | ere ot 0 abOUt
the coat gdd? b%ﬁ&i@%ﬁél&@%ﬂwe&eﬂ%@%ﬁ%ﬁ%@ gﬁfﬂi %ﬁ t.:g'aﬁsé e ft"pe alty,
wherei n t heyf herTRbnBar At ﬁﬁerelﬁﬁgtc&ﬂ&)ngrﬁt ) \Nﬁ ﬁtp\pl g?egre%ovgf oFtné %5%?3
greater t haﬁ'arﬂg?%oétms b eft}?gxreﬁw 93r oqu?eat;ong goaq an He component has a weight, ws,

- after complete removal of the thermat barrier coating system;

d) applying a B phase NiAl overlay coating to the substrate and determining the difference in
thickness Ax between the B phase NiAl overlay coating and the previously removed bond

coat; and weighing the component to calculate At; wherein after application of the NiAl

‘overlay coating the component is weighed, denoted by w,, to determine a weight margin
remaining, wherein a combination of at least two of wg, Wy, Wz, waand w,is employed to
~determine amount of removed base metal and calculate a thickness in which to apply a top
ceramic thermal barrier coating without incurring a weight penalty;

e} 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 c) to restore adjacent

airfoil to airfoil throat distance to about the distance preceding the engine run so that the
airfoil contour dimensions of the coated component are restored to about the coated

- dimensions preceding the engine run without a weight penalty, wherein the thermal barrier
coating of d} is applied at a thickness greater than the thermal barrier coating of a); and
weight of the component having the bond coat of ¢) and the thermal barrier coating of d)
_thereon is denoted by ws, wherein wsis less than W,.
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wei ght of the conponent having the bond coat of c) and the thermal barrier.
coating of d) thereon is denoted by w5, wherein ws is |less than W.. 21
METHOD FOR REPAI RI NG COATED COVPONENTS USI NG Ni Al BOND COATS ABSTRACT
According to an enbodi nent of the invention, a nethod for repairing a
coated high pressure turbine blade, which has been exposed to engi ne
operation, to restore coated airfoil contour dinensions of the blade, and
i nprove upon the i Eﬂﬂﬁ% i H&AH9S$ od conpri ses

provi ding an engiﬁ@ggﬁg hig %g$%g§§§gg?§%bineég ade 1ncluding a base neta
substrate made of a nickel -based all oy and having thereon a thermal
barrier coating system TheUShNGMA]I BEND €0OADRt i ng system conpri ses a

di ffusion bond coat on the base netal substrate and a top ceram c thermal
barrier coating conprising a yttria stabilized zirconia material. The top
ceramic thermal barrier coating has a nom nal thickness t. The net hod
further conprises renoving the thermal barrier coating system wherein a
portion gBSTRad®se netal substrate also is renoved, and determ ning the
t hi ckness of the base netal substrate renoved. The portion of the base
metal substrate renoved has a thickness, At. The nethqd also conprises
appl yi ngrecording o aa exgbadingspg of e Byaationy agpethed fof srairiag @ coated Taght er ni ni ng
the diff i i : 1 coating
and t he Prosat s BaGENEeh hahee SRR b Uil BRRRTor (oA LAY,

r eappl yiaugoil entoop dimerséoms coft the rivtale, ad nimproveoadnnthet e buoxdi erak i hi ckness

of t+AL-A erein At ~conpensates.for the portion of remgved base neta
SUbst r e BSCIRaTAE i PTPRES DIoB AL e 0 DU 5 GH HENSY BRGS of ¢ he
Wi gh preasMiRgtd bR nRethl RUSAL Gdde IS ﬁ@kél%asé’%pﬂ‘fgg en ffr&nnensi ons
~preceding the engine run. (FIG 3 ) 22 13DV 132020 Parts List 10 bl ade

-thermal barrier coating system. The thermal barrier coating system comprises a
diffusion bond coat on the base metal substrate and a top ceramic thermal barrier

coating comprising a ytiria stabilized zirconia material. The top ceramic thermal

‘barrier coating has a nominal thickness {. 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 base metal substrate removed. The

portion of the base metal substrate removed has a thickness, At. The method also
comprises applying a § phase NiAl overlay coating to the substrate, and determining

the difference in thickness, Ax, between the 8 phase NiAl overlay coating and the

previously removed bond coat. The method further comprises reapplying the top

ceramic thermal barrier coating to a nominal thickness of t+At-Ax, wherein At
compensates for the portion of removed base metal substrate. Advantageously, the
coated airfoil contour dimensions of the high pressure turbine blade are restored to

about the coated dimensions preceding the engine run.

(FIG. 3)
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12 airfoil 14 dovetail 16 platform 18 thermal barrier coating system 20
bond coat 21 new bond coat 22 thermal barrier coating
13DV 132020

Parts List

10 blade

12 airfoil

14 dovetail

16 platform

18 thermal barrier coating system

20 bond coat
21 new bond coat

22 thermal barrier coating




