METHOD FOR REPAI RI NG COVPONENTS USI NG ENVI RONMENTAL
BOND COATI NGS AND RESULTANT REPAI RED COVPONENTS FI ELD
OF THE I NVENTI ON The invention relates to a nethod
for repairing conponents exposed to high tenperatures
~during, for exanple, gas turbine engi ne operation.
More particularly, the invention relates to a nethod
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tenperatures for gas turbine engines are continuously
sought in order to increase efficiency. However, as
operating tenperatures increase, the high tenperature
durability of the conponents within the engi ne nust
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hi gh terrperat ure capabilities have been achi eved
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QUINPSH THERYENTIONs. Nonet hel ess, when

exposed to the demandi ng conditions of gas turbine
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retai e chan cal .properties.. Thus, these
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lhaﬁﬁecoatl ng al one or a bond coat and a top thernal

i nsul ating coating often coIIectiver referred to as

§lg1ulblc?&{n%vaggets hme{:.wﬁ %%ﬁc?ﬁuézgggbﬂ% ve 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 10 do useful work with the core engine flow and contain infernal cooling
details and through-holes io 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 fo damage by oxidation and corrosion attack and may not retain adequate
mechanical properties.  Thus, these components often are protected by an
environmental bond coatin-g alone or a bond coat and a top thermal insulating coating

" often collectively referred to as a thenmal barrier coating (TBC) system.

Diffusion coaiings, such as aluminides and platinum aluminides applied by chemical

vapor deposition processes, and overlay coatings such as MCrAlY alloys, where M is



iron, cobalt and/or nickel, have been enpl oyed as
envi ronnental coatings for gas turbine engine
conmponents. Ceramc materials, such as zirconia
(Zr02) partially or fully stabilized by yttria
(Y203), magnesia (MyO or other oxides, are w dely
used as the topcoat of TBC systens, when a topcoat is
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repair nmethods often result jn remval of the entire
For instance, removal may be nec—essﬂateci IBy erosion or impact damage to the

ceramic layer during engine operation, thermal spallation of the TBC or by a
requirement o 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 oxidation/corrosion degradation. The high

temperature operation also may lead to growth of the environmental coatings.



TBC system i.e., both the ceramc |ayer and bond

coat. One such nethod is to use abrasives in

procedures such as grit blasting, vapor honing and

gl ass bead peening, each of which is a sl ow,

| abor-i ntensive process that erodes the ceram c | ayer

and bond coat, as well as the substrate surface
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efficient engine operation and the ability for
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According to an enbodi nent, a repaired conponent is

di scl osed. . L
Accordingly, the extent of diffused coated superalloy surfaces needs to be minimized
to limit loss in superalloy mechanical properties. Thus, scientists and engineers
working under the direction of Applicants’ Assignee are continually seeking new and
mmproved bond coats and repair processes to further enhance engine operation
efficiency and aid repairability of the components. In particular, coating materials

and processes are needed to minimize the subsequent loss of airfoil walls during

repair and to extend the overall life cycle of the components.
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The repai red conponent conprises an engi ne run
conponent having a base netal substrate, a portion of
t he base netal substrate between about 1-3 mls in

t hi ckness and an overlying bond coat havi ng been
renmoved to create a remai ning base netal substrate of
reduced thickness. The repaired conponent further
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conBHBRR &R o) HaVHlgeh B1uRASEN BRhht SHBSIuE A0S0 atomic percent so
that upon subsequent repair of the component, less than about 1-3 mils in_thiclmess of
the remaining base metal substrate is removed because of less environmental coating
growth into the substrate than the prior bond coat. Advantageously; the method

extends component life and increases repairability of the component.

According to a first aspect, there is provided a method for repairing a coated

component, which has been exposed to engine operation, to produce a repaired

component without a weight penalty comprising:
a) providing an engine run component including a base metal substrate

having thereon a bond coat;
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havi ng thereon a bond coat; b) renoving the
bond coat, wherein a portion of the base netal
substrate between about 1-3 mls in thickness also is
renoved to create a remaining base netal substrate of
reduced thickness; 5c) applying a | ower growh

envi ronnental bond coating directly to the remaining
base netal substrate conprising an all oy having an

num cont.ent of abput 10 af

al u n ] r
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extending component life and increasing repairability of the component, wherein the
lower growth environmental bond coat has a density less than density of the prior
bond coat and the repaired component does not incur a weight penalty in that the

repaired component does not weigh more than the component prior to repair.

According to a second aspect, there is provided a method for repairing a coated
component, which has been exposed to engine operation, tb produce a repaired
component without a weight penalty comprising:
a) providing an engine run component including a base metal substrate
having therecn a bond coat;
‘ b) removing the bond coat, wherein a portion of the base metal substrate

~ between about 1-3 mils in thickness also is removed to create a remaining base

“metal substrate of reduced thickness;

c) applying a lower growth environmental bond coating directly to the
remaining base metal substrate comprising an alloy having an aluminum content.
selected from the group consisting-of ébout 10 atomic percent, about 15 atomic
percent and about 20 atomic percent; and upon subsequent repair of the component,
less than about 3 mils in thickness the remaining base metal substrate is removed

because of less environmental coating growth into the substrate than the prior bond

- coat, thereby extending component life and increasing repairability of the component,

wherein the environmental bond coating is an MCrAlY coating applied to a thickness
range not exceeding between about 3-8 mils, wherein M is selected from the group
consisting of Ni, Fe, Co and combinations thereof, with Cr and Y being optional, and
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According to a second aspect, there is provided a
nmet hod for repairing a coated conponent, which has
been exposed to engine operation, to produce a

repai red conponent w thout a weight penalty
conprising: 20a) providing an engi ne run conponent

i ncluding a base netal substrate having thereon a
bond coat; b) renoving the bond coat, wherein
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t he thickness of the environnental bond coating of c)
is controlled to produce an integrated al um num | evel
of less than or equal to about 4000 pntat. % Al,
wherei n the environnental bond coating has a density
| ess than density of the prior bond coat and the
repai red conponent does not incur a weight penalty in
thivkhedshef theplaise edeb npotretst isdoewvebtbeomisgpinisse enfizanmental
t he conponent prior to repair. . .
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se net P substrate, a-portion of an overlying bond
coat on the substrate having been renoved. The
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base metal substrate so that upon subsequent repair of the component, less than about
" 1-3 mils in thickness of the féinaining base metal substrate is removed because of less
environmental coating growth into the substrate than the prior bond coat. Also,
thickness of the environmental bond coating is controlled to produce an integrated
aluminum level of less than or équal to about 4000um*at.% Al, and wherein the
environmental bond coating comprises a $-NiAl overlay coating. Advantageously,

the repaired component has extended component life and increasing repairability

Other -feamres and advantages will be apparent from the foﬂowing more detailed
description, taken in conjuriction with the accompanying drawings, which illustrate by

way of example the princip‘le-s of the invention.
BRIEF DESCRIPTION OF THE DRAWING
Figure 1 is a perspective view of a high pressure turbine blade. '

Figure 2 is a local cross-sectional view of the blade of Figure I, along line 2-2 and
shows a thermal barrier coating system on the blade.

Figure 3 is a graph illustrating a comparison of diffusion zone thickness/estimated
wall consumption at about 100 hours of exposure and various femperatures as a

function of integrated Al level in the coating.



engi ne conponent is disclosed conprising an engi ne
run gas turbine engine conponent having a base netal
substrate, a portion of the base nmetal substrate

bet ween about 1-3 mils in thickness and an overlying
bond coat having been renoved to create a remaining
base netal substrate of reduced thickness. The
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is a perspective view of a high pressure turbine .
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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
N1 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 René NS5 material. The as cast thickness of the airfoil section 12 of blade 10

may vary based on design specifications and requirements.

The airfoil 12 and platform 16 may be coated with a thermal barrier coating system
18, shown in Figure 2. The thermal barrier coating system may comprise a traditional

diffusion bond coat 20 disposed on the substrate of blade 10 and a ceramic thermal



DETAI LED DESCRI PTI ON OF THE | NVENTI ON The repair
nmet hod of the present invention is generally
appl i cable to conponents that operate within
environments characterized by relatively high
tenperatures, and are therefore subjected to severe
thermal stresses and thermal cycling. Notable
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r single crystal "N -base superalloy.” For
coating ipied as heedvlisd dnfesadn.nay be made of Rene N5
material. The as cast thickness of the airfoi

t. 2 of. bl 10 : based i
MogBislipades Shicke i ipdeef AR lrRRE R Re IFY BE expup o5 an
out&! @afifg Bh LonieRY-Bage @Ay BxpbsingahsBlibdatd RN an aluminum

coating system 18, shown in Figure 2. The thernal

richh gevieanmeeyatat regeveask tammesiuEesnpl e aluninpEg fropp g outer layer
i) B8 ROAGL OB coRbHS RASEHe HbrklBirAHRR! Sithfid®fom 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 the outer surface of the article which will thermodynamically drive
its diffusion into the substrate creating a diffusion zone extending into the original
substrate, and this Al concentration will gradually decrease with increasing distance

into the substrate. Conversely, Ni will have a higher concentration within the

substrate and will diffuse into the thin layer of aluminum to form a nickel aluminide.
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bat her coating 22 on top of the bond coat 20.
However, the thermal barrier coating 22 is not
required to be present for purposes of the present
invention. In an enbodi nent of the invention, the
bond coat 20 is a diffusion coating and the base
nmetal of the blade 10 is a directionally solidified
The rcoﬁéeﬁ&hﬁoﬂ:&fyﬁt &l thdurRass z%x'x@@rhﬁlvlaﬂyas 1BGIfﬁlsEe§‘§utNard f form
a ni ckel -base superalloy and Co in cobal t - base
tthNpéé}r alAt aylewélf halew thetomguml fsudanet He sluttﬂétNlatcenm@thcnr@ﬁ the

usi on .al u and th ma
sufizele Rl b A5 3w RRGerk B eR HPEE Bulrdh 7R PHES and
willvasUES Rfcten 6f|"tﬁst§1l1&qhﬁi he Wi st ZoAk € THB Yeda® ik Fhat although
terns of N -base superalloys, it will be understood

Nifhgarmg asfheivatss serfprerofi the priisiss ¢ eradient ﬁﬁyalb'@lcewmm@@n of Ni
I
o AT o OS8R 2 Y R LRl flofion.
comtiehfratiinOfragdients| SYONi Agd Odtﬁernﬂeﬁlenta rthﬁndnﬁmsesrentw@ﬂlyt ﬁ&m the
i nvention, the diffusion coating may conprise sinp

Suttstrat?@aﬂfth% é%ﬂsﬁtﬁ ﬁtuaagwncéhtoa?%ﬁt AGREIITEZ0Rst %ﬂt‘ge%@ﬁ outer
L T
Of coatsen gxpmyrebef fher m&aﬂiecb nultsltmtecm'rpm raitizing aamosphber typically

iffere In brief, the s bst may be .
fesghép'agéﬂpoe*aa g HAROERIRY L OVEY! anﬁéghﬁwa&%%oaapg-a
chem cal vapor deposition (CVD) process at el evated
A ﬂlﬁﬁﬁtﬁ{ Auifge (MAY dilBsios %Hétlﬂg%cﬂhk‘)gb@ fiBica ‘E@te‘léﬂ;ﬁoplatmg a
formed as a result of fusion re particularly,
thna layie k€ plaginumi ewved eth¢ rmoklej -bajief fubstraie t@ garpetgjempned ghickness.
rown as u coati.ng on,a nickel,- base superall
{ Rbse i PieC Pl f 2o S Stlefifon, SAPFORHER & oR¥atea
te tﬁtt[r@ilﬁz&ﬁés file ,?bﬁftzhﬂbﬁdn foafep ¢4yt ¥f @sA Thealamtiiind diffuses into
romthe outer |ayer diffuses into the substrate and

and Eﬁ%ts n&ih fhe mlatﬁ@mm cfvethey spe divgy Nudidfises oubrard Heom the
f
st LB ' QAR R0 0 g GRHES v

intcdrddf thisiugh thar eeasn inth ik Idiffdmmrzme ghiheadbstinad. T]hlfs( eomplex
are cheni cal gradlents of Al .and Ni, as well as, other

strugiugiett & LNIVere ormgd by expasiieea suiigle Flererplared Witha thin

lay@APONS ol R ith itk S RlabdRefblibhss, As the

alurhivens diffisea tiewande edward the ds%ﬁtmte omdzNnealiffiutesnuhi g opposite
into.th i gi nal ub ate, an is A .

diregfion. Bye ﬁaﬁtotgto%ewrta 315 rﬁﬁﬁw $O%e g’t%ﬁé%ﬁ%ﬁsw ReP@sgiefyt of

soltﬁlioﬁtsélﬂ%% thete QRS PEMIAT et HRVEY 8B Yonthin the btectﬁt\é%s of

her concentTation within the substrate and w
PtAdil mtemetallm 0As heeith [thennickglealuminid¢ umtmgmatgradlentn@%alummum

ntnlde The concentration qf, Ni .in the
ocoff R 15, AR MRSTish S0l SHECE A rd und byiltpls igface, and
a grhdienp dftm ahlu/ather Aenfent LYRrLA| thctetPnditd diffidd oStdat@E6m the
the initial N_ conposition of the substrate is
subsiggieninge iteedalupunum Hech\pddiGyr baver athcon asrntthe paiof fexyPpg, an

Wil | fu n
aturfR05 M oyl kP 3 Bt Haler nflel D B lncluge born
platdlirhluginillbsAnd fickEl Atumikideuitdle £aiffualn et Bdow the outer

article, a gradient of varylng conpaosition of N and
layep|is reggated. beAswath e niskek pluipidscealing exosere gtk coated

r [ n
sub RS B ErRPUP Shcho Blhore BB ARDAERAS O B OB o puter
substrate and the deposited alum num Al, create a
di ffusion zone between the8outer surface of the
article and that portion of the substrate having its
original conposition. O course, exposure of the
coated substrate to an oxidi zi ng at nosphere typically
results in the formation of an alum na | ayer over the
ni ckel al um ni de coati ng.

ol
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A platinumalumnide (PtAl) diffusion coating al so
may be forned by electroplating a thin [ayer of
pl ati num over the nickel-base substrate to a
predet erm ned thi ckness. Then, exposure of the
platinumto an alum numrich environment at el evated
tenperatures causes the growh of an outer |ayer of
ia)Plr At ASmalaUM rYyRabicl HuaeSide dogtiand alse agbRdwi thd ddd@nercially
platinum At the same tine, N di ffuses outward from
avaikbledidsisp phweinisieanogiing onk orovefyskick iodesembadia U.S. Patent No.

3 PRt ReE o tGione RoliPoANER FRACE G YRR B o, gome
oﬂﬁﬂaﬁ{abﬁtcaatm'@gus conpl ex structures of (Pt,N)Al are

formed by exposing a substrate electroplated with a
thin Igéer of Pt to_an . atnosphere rich in alun num at

The joxgrall dhicknen < aha rdidusien coring) MaY Yam. diot tyriealy mag gt be
f

o SR, A6 508 18 09 S Sy Pl o .02

mcEesM).BO?phmhm(Qnmmqsb ecfhiikinegse Thetdiidfisiso [aybx mhmimstgnmrn nto

the, st Py ca bipages ¢ FREEHEDEs kel Q% f S more
typitaflk eibodl 9@0@'11@(91«3@ QathifPihidk, WhAditRNbuRf 28diH0R M8 comprises

occUrs fromthe alum numrich outer surface inward
thettmivace) ushallysakssit 105(1051 -300% mches @rtimalsyr Hoi exampdé, apew make

and ot her,ele S. OGCUI,S
co RGBT HeY DAY LGNt P ot B AT 0 (b Tt in
thidaedst iiNQudify &in atigfi®e RSer Bf LBSutPO.OOI2 aXeH¥R! @.2 @fils) and a
alum numrich outer la yer is formed at the outer

difBigion aewes ofibouh0-REL2 13@@@&1@@0%&@69& i num al umi ni des
and ni ckel aI um ni des, vvh| le a diffusion | ayer bel ow
Colif BUb A dLF cohing RGeS Byl e po con

Ot 0 [ans axtedi Zhalt]ga aLrmup hhérﬁlaﬂ Waidal toatings2dl tis noh reduered for

formation of _an quter. |ayer of alum pa. Suitabl
embedimpeRs @6 APPHEAHS STCRME BTqckEeY Al foRaired AARBPRYCRfY 3However if
I | d
profé cEBRLE AREPL Brid PR O o g o] e
yttmr stablllmdmmoaial o the fike casfwelbas tﬁhaclbwocpinduamﬂy oxide coating

mafeifs KRR o e KNAFTRIS) S5 okals PRl Abop -0 weight
pert%éﬁ? bﬁ@ﬂrbfy slﬂﬁﬂﬁz@@ illeatdue @%ef‘gﬁﬁﬁer@&ﬁ Wirfd, 894 % e bieh&Bown

s) and nore typicall be about 0.002
ceramic rtbgn@d @:@marrrmasgs( 2T3e mer@r)lm rital blrrees coatimg 22 may be

th {
spnfis Y 207 oS el PR n B i faRBe D i DY eloctron
beaffl |pﬁ%£$1ce[¥0fr@dr)’ﬂblﬁ‘(ﬁliﬁdm (BBRWDY). 8fHouiohC BRSmb 1spthy ) deposition
thic whil'e the outer additive |layer_ conprises the
progssfesnalse mavidld wrabexed @rogqrnwsauzamgﬁ*@gm( 1-Morg [pasticular

sl R -, PRSSAROY SIS g 1,

Nog14|085,708, 4,005808,545328 D89, l5§ﬂllﬁ$08mnddﬂ236 TS loaydic a)few The
about O. 0012 i nches (1. 2 mls) and_a dlfoSI on z
ceragpic {hesmal Ganier cqafiages mapdive £ Pigkesy of bewemp @ out 0.003

incl €1 By A0 0t QORI TBYS) HERe BRIGR R ¥ of bou

0.00e b (3 Imaismindratmengm@aeﬁvm@ ZIMsscmmgrmmhwgdsHould be
e i ments of Appl| ocesses d X
con-‘flg%sg MOPRY D sz, and pﬁa}g SFifentiggillyyqry coating
thickRE BRln@afcl dofipdi@al | g 22 may conprise fully or
partially stabi I i zed yttria-stabilized zirconia and
the like, as well as other 9 ow conductivity oxide
coating materials known in the art. Exanples of
sui tabl e ceram cs include about 92-93 wei ght percent
zirconia stabilized with about 7-8 wei ght percent
yttria, anong ot her known ceram c thermal bather
coatings. The cerami c thermal bather coating 22 may




The af ore-descri bed coated conponent, neeting the
aerodynam c di nensi ons i ntended by design, when
entered into service is thus exposed to high
tenperatures for extended periods of tine. During
this exposure, the bond coat 20 may grow through
interdiffusion wwth the substrate alloy. The extent

Thef afdd€didtiBEHi doakd ‘%Brgl'ﬁﬁﬂerﬁzl,e REQHNEN teh @ueflidl i ORimensions
couple (e.g. coating | evel s, coating thickness,

intendsd thryaiesignl Wiogn enterpbiite saovice N thupexposediadugh (emparatires for

ox ARG 5 B0 b BRRE o b S5 LB Bt e
inthidWBRIdORith {HRQUBARNEaIERAIR cRicAEer the intwai filkidhahaip@pend on

removed from engine service may be first inspected to
theg diféysiim eote @rbueratiog Hbdevadh eqpéingathickness, substrate alloy

J.cuhar | i e ir | attack

coffoifofa ob by SR Ehpb Rt D RN

barrier coating 22. Inspection may be conducted by
In ageyrdmensitkaawspdcn of the rapdis piobeds wd ithegprescht alveativeh, the above

flurosecent penetrant inspection, . anong othegs. I f,
cogfertleda (, Whin hag peemeigmBuct BATTSIGIEITISe Mapar My pgpected
to 'AERHAME BBT iSRS kRS onNEX! part,f P:ﬁﬁ@ﬁi@ﬂy apigh irfspect to_any

present, the outer ceramc thermal barrier coating 22
envimpnizetal ettarked ahy spallatien bf thd@uldd cetaynigthensallbaoven coating 22.

the. art, jncluding chem cal stripping and/or. .. .
InshiRnrion e piistely St Frean kB i e By Qffpging visul and
flufol&deBlIpeR@Mt GhsRabh, NBmére Biderbe NLHYAGarhY e AN may be

met hods enpl oyi ng caustic autoclave and/or grit
corfykpisanafy repatree dasrestoreTpast dimreasionss-t her mal barri er

coating 22 also may be renopved by the processes

e | in. . . r

N Bl it Siph g Bbieb Rerepig B dChp R AR 22 oy be

remove® fiRal tcddadeyl 0, dyah&imne knowh i the' @qunelhdiag chdigical stripping
ceram c thermal barrier coating 22, |f_ present,

andleramprlagicpt proesssess iy amplep iy egamic heweal ibaaier gpaiag 22
0SSR 7Bl B, S B9 R pr it stin
prot@edsni qlie setmiot thexmab daekést caatihpg 22 blee hmaybe gemoved by the
further deterni he integri f the bl ade . At
PropeSSE SSHOBRA MoH-SPHYE Nidertdiht BEE eSS zéﬂwms and
appii@ﬁ[bn@i?efg;% : r&ih Qe i!ﬁhﬁngra%é?i- by RNGYRE, Prior to

renova e above bo coat 20, it desired,
conventional masking techni ques may be enpl oyed to
Afterasinovaitodineaderfront thersal barrich eoddingdd, if(prenst, pieaning processes

any infernal .coati fromrenmpval.. For .ex I
maf Y emplotid s o5 b bove J GBI BpiayPr IRE R G0 b may be
inspgebedl aalhss ande! ESPEXAiplE By PRl @XBalquss bhetRentbndeatuctive
renmoval step may be injected into the interna
techyisrue énfusther drieimnine thegiptegrty of the blade 10.
At least a portion of the underlying bond coat 20 may then be removed from blade 10.
However, prior to removal of the above bond coat 20, if desired, conventional

masking techniques may be employed to mask internal features of the blade 10 and

protect any internal coating from removal. For example, a high temperature wax
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After any desired maski ng, mechani cal processes such

as the use of abrasive materials or chem ca

processes such as aqueous acid solutions, typically a

m xture of nitric and phosphoric acids, may be

enpl oyed to renove or strip off the underlying bond

coat 20. In the case of netallic coatings based on

I ek I

R A O] R e NS R ulep Sl e bond coat
remval stleptiapdeagected psatit infermak pottioonf tietthadeHd. et chant

may be enpl oyed. The additive Iayer of the bond coat

Aﬁ%ﬁ’illn}b%& %gg%%cg?%cﬂd?mges Olé'a%oﬁg (1)1?2 irga%ézrsn)e materials
or (HeAGES PreReddt schdstiighsous Qc@[%hﬂ}oﬂ@ gcypﬁﬂhﬁzﬁhmﬁﬁretdf%mc and

interdi ffused underlying base net al ~substrate may
phospheriearcidthanasbye emploed fyrameve @t abdhe yndgrhpeg bond coat

20 Wall_nl thg @Fs?eko dl%@tallAf cto%{mé hﬁas%& %‘h' ﬂ&n{n%ﬂig \égém%?gﬁgﬁﬁg wherein

sO nmay beére

thetme ﬁsiitslkb’r@ergékpﬁﬁhﬂ equdduy aﬁemimbtetcmm dﬁssbhvmgemc oammg as a
ot her processes nay be enpl oyed. The part é@
resplp g{ ERERGhaithythe ple fﬁédn%yobff @HBIP@C‘I ed Ila aéfilgve gr of the bond

X I e } ughi t
Coagl ggﬁ tﬁ%m%{@f: h%]blogluei;E 3@11%?%/ DM anglylot hér ?ocbgsts}glgmved’
Acairémglyaduhing fer fearoveldproasss %ed@ﬂ—} s (EHHI-0. O@Ihynches) of the
. defects ip the underlying substr such _as re
int G ST B et Fip e RO T IFBR oA b8 deoding in a

deciB¥e oA MAANERRRAYS! Yy be applied to the blade 10,
replacing prior bond coat 20, in contrast to prior

teachings in which the sanme diffusion bond coat was
Aﬂr:re &pptoa@ugtrgmph@l pranessp o emple ek naeskantBalael neayabe 2gmoved.

erred .as N Al coat 21 _or el |ro
Ao EUEY R Rpolaf AT ted nBbod Bl BRERRE bay ve
emﬁl@?&ﬁquﬂ[& paP@phirg el eshvehtiéndligP cle@icdMcC rdrdd@l residuals.  For
plicants have surprisingly determ ned how the use

exagiple Watqr ihshipg mayferengployidn 28808 PRISHEISMHENE tshriques.

coatings 21 can achi eve extended conponent |ives by

gﬁ??tb@v@ h& %ﬁlef p&\é@eﬁ Qfso l‘fl%( bé? SLBRGEY, a®hiddRh! Eo%b&% any

repal ter I A artlcu

defﬂmmnehé umtmlyntg s‘ubmate,n;udm mjrepamamh gesﬁiplmm(yf tiredinemsives!
during repair, and advantageously replaced with | ower
onnental bond coati,ng

o h
whnd G B SO hed gay eEe etk bt aveket I aR g 10! $Eflacing
pnoi\ﬁ)%hﬂ BB 50,hA\BnREY %ﬂp@igﬁ @ihdhgs Fe @A e dafatiffidion bond

bond coat 20 is replaced with, for exanple, a N Al
coatwaa reagplmi to e sahver priomshickmeass. p Bond eert A3 ealsmeldreed to as NiAl

coa{lng 21 ord environmental bond coating 21, for example does not require the

subsequent application of a top ceramic layer.

Applicants have surprisingly determined how the use of alternative lower growth
environmental bond coatings 21 can achieve extended component lives by enabling
less removal of, for instance, airfoil walls during repair after engine exposure. In
particular, conventional diffusion bond coating 20 may be removed during repair, and
advantageously replaced with lower growth environmental bond coatings 21 than that

used as the prior bond coating or new make coating. Applicants have advantageously
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Bond coat 21 nmay conprise a Ni Al CrZr overl ay
conposition based on fl-N Al and reactive el enents,
including but not limted to Y, Zr and Hf, with Cr
bei ng optional in sone instances. For exanple, bond
coat 21 may contain about 30-60 atom c percent

al um num so as to be predomnantly of the O N A

deRRAsRd thithebosd bbAD(® i RPBIWillD fobonshfi9ad NIAL coating 21,
i ncl ude those described in cormonly assigned U. S.
furthzer énproNedperrmsaco0ay berepbize313, 6, 291, 084, and U. S.
Application Serial Nos. 10/029, 320, 10/044, 618 and
| 249 { t. _he a. I Ing;
w2 Ry oA S PTG B0 s e i BBiviar and
reddtive tlasbeadndadingdviendtagaoubloyy ier aad MfAlvitalJrdeing optional in
consi sting essentjally of nickel and al um _num and.
SOTE® HISHNGESH F OF ik agRlcu RPR ceat Zd ray poRtaiR @dAHOIH0 pfgeue percent

BRSO T PSS Gl QAP oF S RPAL ARG Y OUEF SRR Lo for
bomkanpl €] intiderthos deiibbdria afmmonlyeasignod 278t dritant Nos.

ercent ) 0.2.tg aboyt_ 0,5, atom.c percent
6,235 00 6y e & BASRAE R U SPBRY PR S Wy b/g20-320,
100008 6k & h6a Rf28 sder mal barrier coating system Bond

coat 21 thus nmay be a nickel alum nide bond coat

contai ning zirconium but otherw se predom nantly of
Bonth@oath\g JAmayhms e agradénel gidfision aluginige pe fraditional MCrAlY

. 255, 001 Simlarly, bo oat,: - :
coipg By Waseed 0t At pRACKAT 1Y eiffige essentitly of
nicRéll Ay Ngmaded bhd@ren@inidd FRedHit iandvakrianitedrambotit has been

i nstance, bond coat 21 may al so contain about 2-15 .
unexpesirdly feunden draskiedh ineraaprithgiseivicedife of a shesmghparrier coating

c . : . G Lot ; c

syl A e BlE it hadrIBCHEH BRSO AR A8 ERC62 o

. abdun 0. q‘ﬁomialqileﬁj&_ht Jﬁrcbggm@)_ﬂihve B_eelﬂs}mﬁdmltto ipnificantlyrayiprove the life
contain alloying additions intended to i ncreas reep .

of g themat hmaﬁﬁg%&%g&a@m Band sp# 4 &69% baf‘d_air't“ﬁ‘&ﬁ éle“Fgmde

bord Y iaihinB Hidbiufi BLEL MBI ARYIRRRTRA o PidAR Abase, as
resi stance. “For 1 nstance, bond coat 21 may I ncl ude

desedibkd indNS. Retert Ir23F00h titanium tantalum silicon,
haf nium and gallium and optionally nmay contain

sinfarlo bR g8t 7Pt efediinetiBh el Y ALIRSE puft Diced

all RRIiteRR loff e cdMuml Hd @¥GiRIne, FasSiB@Enct, BYRI B6ACH SHay also
such as magnetron sputter physical vapor deposition,

conggin efbeut rzoﬁ_ I@_@mﬁs pbarednt athrompen andpalxivt | Ghr1.2H@tgewer percent
zircghlﬁﬁ{, %rexﬁ'?@é\%?lg?sg%%ﬁl%ﬁnﬂegﬁgé eﬁol%orﬁ@ﬁe o%itS&'BL ‘a}’e%.g ocr(])at 21,

ray or ca IC ar rocesses.

as 8&atibelllilB. PRE¥ntD6,29P0RKHedRbAI @byt BUialsabingy contain alloying
t hi ckness. For instance, an adequate_thickness of the.

addgimg infended fq inprgase sraspsitesh apé aptignally gpntain loypgedditions
j " 1a) )

© PSR P30 4 ofBi OBk TRY s, bons

coat DL hay)indnde adidtidnsZofghrem{uin, Gl2niiune tratum Bolicbr; dafnndi and
al so may typically have a_. reatg&%additjve.layerh

gallyyprndsonsienalbemayisgutan addibopy piscalgupe Fiscapippytirium and/or

- el trhieC a previously renoved

IHH%???ﬁ%&%ﬁﬂ%gﬂngﬁgﬁﬁ%%¥ﬁﬁ%%ing an additive |ayer of
about 1.2 mls (0.0012 inches). Bond coat 21 may be
deposited in such a manner as to mnimze diffusion
of the bond coat constituents into the base netal
substrate. For instance, a diffusion zone of not nore
than 12 microneters, prefetdbly not nore than about 5
m cronmeters, may be achi eved during PVD deposition
techni ques. Although this diffusion zone increases
duri ng engi ne use, depending on tenperature and tine,
this initial reduced I evel of interaction between the
bond coat 21 and substrate pronotes the formation of



performsome traditional MCrAlY or PtAl based
coatings wth higher TBC spallation |ives and | ower
coating growh. Mreover, Applicants' bond coat 21
may have a density of about 6.1 g/cm 3 which is | ower
than sonme Pt Al diffusion coating having a density of
about 7.9 g/cn8B. Accordi ngl y, wWth the renoval of the

Boh A8t g‘ieﬁlﬁ [¥e B %gjléeﬁélﬁ eRiD V}ﬁr&tbs? such as
ower densi y Ni ove bond coat further
magnaer Bwﬁﬂ"ppmmm@GHHiﬁpbmtwmabn Ehiattlmtbﬂam playsical vapor
depomhg(’)ht ﬁovrafg\lretry OJLh edgppgsgtllorlrie{écﬁm&fleslﬁso may be employed, such as
thermal spray or cathodic arc processes. Bond coat 21 also may be applied to any
suitable thickness. For instance, an adequate thickness of the bond coat 21 may be
between about 0.4 mils (0.0004 inches) to about 5 mils (0.005 mils), and may
typically be applied to between about 1 mil (0.001 inches) and about 2 mils (0.002
inches). Bond coat 21 also may typically have a greater additive layer, such as
between about 1.5-2 mils (0.0015-0.002 inches) in thickness than a previously
removed diffusion bond coat 20, having an additive layer of about 1.2 nuls (0.0012

inches).

Bond coat 21 may be deposited in such a manner as to minimize diffusion of the bond
coat constituents into the base metal substrate. For instance, a diffusion zone of not
more than 12 micrometers, preferably not more than about 5 micrometers, may be
achieved during PVD- deposition techniques. Although this diffusion zone increases
during engine use, depending on temperature and time, this mitial reduced level of
interaction between the bond coat 21 and substraie 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 during subsequent exposure, 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 embodiments of bond coat 21 out-
perform some traditional MCrAlY or PtAl based coatings with higher TBC spallation
lives and lower coating growth. Moreover, Applicants’ bond coat 21 may have a
density of about 6.1 =g/cm,3 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
property improvements may be realized without a weight penalty in embodiments of
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the invention. Bond coat 21 advantageously grows

considerably |l ess than typical diffusion coatings in

the application process and during engi ne operation

exposure. Accordingly, downstreamrepairs will result

in less base netal |oss. For exanple, thicknesses of

about 1 ml| (0 001 inches) of a higher density PtAl

on Ut
P ) o AT e s RS o e typica
dlffra;onb@)atiags)maﬂleohppﬂmqlmrmocﬁpamd qmlmgwgme/bphta/ﬁbn exposure.
bond coat 21 having a thicknes f about 1-2

sciiine TS e oI Rt LTS e SRR e, i 1

desired, about 2-3 mls (0 002-0.003 inches) of
Foﬂ@gaﬂl%@nahcléﬁés%mdf 4per llf&ImlbﬁﬁdIﬁf iR | 070 AZcheF dedsngr PtAl

suitable ceramc materi al coating 22 or other

diffagionalping east 2R andt hephd | mha(hee3 @@éﬁi)nﬂ& arj pngsrkyyeniii-based
all%ﬁé)f %/a apP h\ 3/ l%c %%n%;\efg(? grru% ﬁq%trepalr eC‘ZIQ Rgg{)¢eg%§'lbond

codd M0h508¢ b nBwkeks df mbbutdmgmnhl(n OM:IO/KJOY icleds) RBY be applied
descri bed further bel ow, have been di scovered to have

plu&dxfac}%@bsab@we?! 3mie | (B-092-QHORi imshesh f pdditionals ¢egamig rbermal
ff
bufi8ELRHR 20 Y clilE SHRYE ccRlmdhREAY A0 Bt Kon fer suitable
cerglaicethoinnd batrivatcoatig ifyateent, oney beppplicdd to v bmralrmat 21 wsing
bondrwfatl s 21 have an advant age over sinple
COnYFRR & platinum diffusion coatings regarding
the level of interdiffusion with the base netal and

Acd e "RY cRfboRIANMY &4 e fn@@ﬁtﬁﬁﬁ BNV 8B4t A1, including thin
dlffu5|on coatings duri repair to extend the life

MGALY h‘eamtmgbﬁ@rrhed fFLUher | hve fhiegy d@cgvec@h’g@dra@s aﬂmtages

d .airfoi consunp
ovef SirbiTR g niBice g T iep SR RN s B R et o bl ARG wirn
the B28€ iléthRt Ghls OApEM@mﬁhm ﬁawahhagebﬂlﬁ defeemined tthkeskernate
requirenents to that of N Al -coatings 21 at about 100
lowgp Lgrewf e@m@@u«?lﬁalahamhtcoetmg% g% hawper adyprageuever simple

almglﬁ'ﬁ Hd a%:u?({]e plat gﬁgﬁlfﬁlﬁoﬁ‘lcogtﬁl lre gagﬁﬁltgl thd ﬁ%‘}e% zr::)g g)tterdlfﬁlsmtnhwnh

the ba& Mbtabbed tHueinay 6¢ applied enadplsiecohdifibhal diffusion coatings
techniques. This data can be used _in different ways:

during)repa i FAB e Wit Al CPBpRRenS FAY exampleel ik 3 fgmpares
the @ﬁuﬁéﬁgg@i‘fgg \g%&ﬁ&?é; ﬁ?%g %Ttdgf\ili%]\{&{ c@atfﬁ%g gfi‘ddg to either

singdd oplias80 (at . PA), qrrediju)atéat egrata nghakd e(vath) lBtAlao fpre!&llpltates)
' ' own to flxed Al | eve

reaiEga it St AL Eaa 2 Hohant 190 Boors A5 eheyEi and

varibl¥ RERERs T8h ARRibR oBLURiHR AlhSvar ea underneath an
Al content vs. depth into coating curve. The al um num

content was determ ned using el ectron m croprobe
Coatieps Wwesx elragacigrized dut the pmoum ef Hd firs therapptingh withoyse of electron

t he ,coat tal .and .integra
micloi PPk R Al GRS Bl asf R B bl ¥ @
obta@;hﬁgwgdeﬂage el soalinike: co-ﬁhﬁg Ibﬁ}ﬁﬁ@fa@h@dhé\EMm ﬁieamﬁetﬂents
erred nethod to identify coating

ovemt:@'ﬁmn duckneshey dpwn & 8 fxge AtilleY@\(élg %ﬁmdeabmﬁéo at.%), or
(b) fnl?égggtﬂ'?gs ﬁlel ?ﬂnocu%m'f Uﬁﬂttb %ncérﬁm?ﬁﬁae{e@ !)1e down to a fixed Al level

Integration may be accomplished using a trapezoidal integration method to sum up the

area undemeath an Al content vs. depth into coating curve. The aluminum content
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The Pt Al coaling, one of which was a single phase and
t he ot her two-phase, had different A neasurenents:
a) The single phase coating had an average Al | evel
of about 40 at.% and about 51 m (2 ml) thickness
(down to about 30 at.% or an integrated |evel of
about 2050 gnrat.% Al; b) The two-phase coating had

wa?rzaeéﬁﬁfn]@? %sﬁlg ék%\eﬁgg r?lgrcﬂfy%’dg aétn @&an{oa@%’mﬁ%%ﬂ RSB from

own to about 30 at. or an
thei top ef tlm:tc@duhgmed) thefbasdogtal aﬁ@ﬁm@rﬂt&ug %Aur.ve"ﬁtn ¢he point where
est i

b LR %0 Al er oy S R AT R e R opBIaeAL fovel is o

re@a?édl fﬁ&h@&l@o Idaﬁu ﬁ% oA tH ol A6weRE veRBE I Aldevel and
For exanpl e, ck coatlng with a 35 at.% Al

codtipg dhickmes$ niw@mhoes& ampf@bie; ntegrated | evel of 1750
pmrat.% Al. At |east four NI Al coatings 21 were

e at r od I [
g WAL B, BaP & Scth R o, BRI Oy Gpt R b eb-phibo, had
diffegat iAD gheablisiiemeat i ngs had a nom nal thl_ckness of

about 1.7-3.3 nils: one coating had an average Al

| evel of about . 36 % and

t 4 7. m|
) T ASHC B GOTIE RSB0 A1) OLFIOHh] Fbghdphgwt 51 pm
(2 hﬁﬁeﬂhlcﬁleﬁbﬁﬂ{vnll%SQodﬁ?% %’%b or an integrated level of about 2050

um¥*at.% Al;

b) The two-phase coating had an average Al level of about 47 at.% and about 63 pm
(2.5 mil) thickness (down to about 30 at.%) or an integrated level of about 2980

pm*at.% Al

The integrated levels may also be estimated by the product of the average alummum
thickness for each coating and the atomic % aluminum for each coating. For

example, a 50 um thick coating with a 35 at.% Al level will have an estimated
integrated level of 1750 pm*at.% Al.

At least four NiAl coatings 21 were evaluated, produced by adjusting the

level of Al in the source material and the overall thickness of the coating. Most

coatings had a nominal thickness of about 1.7-3.3 mils:

one coating had an average Al level of about 36 at.% and about 43 pm (1.7 mil)
thickness (down to about 30 at.%) or an integrated level of about 1550 pm*at.% Al

a second coating had an average Al level of about 38 at.% and about 55 pm (2.2 mil)

thickness (down to about 30 at.%) or an integrated level of about 2080 pm*at.% Al;

the third coating had an average Al level of about 41 at.% and about 60 pm (2.4 mil)
thickness {down to about 30 at.%) or an integrated level of about 2460 pm*at.% Al;

and
15



a second coating had an average Al |evel of about 38
at. % and about 55 pm (2.2 m|l) thickness (down to

about 30 at.% or an integrated | evel of about 2080
gnfat. % Al; the third coaling had an average Al | evel

of about 41 at.% and about 60 pm (2 4 m|) thickness
(dovvn to about 30 at.% or an integrated | evel of

DM cAHf hwave&éé Al ROS oftaBBuif 33Uk bhakPaoub g4 madzgammﬂ)
average  evel of about 38 at.% and about 84 pm (3
thigknessl (Powh itec kroas 30 tihhor woinegyeied Buekal abpuici20gmm™*at.% Al
i ntegrated Ievel of about 3200 nnrat.% Al. Simlarly,

. t.he, ipte eI S | s :

s B BERD BRI AR R 4l B o

ancPdhe AVéTEE8 zft@ﬁucﬁ%(‘dlmﬁﬁﬁin Y ca@ScodE5E fb b&inabcbéﬂﬁ)ve _
Advant ageously, as shown in Figure 3, the tested N Al

coat i ngs 21 produced <0.5x_ coating growh into the
Adpiascrtll asashopsnipdierre b the ikl oane B prodiced <0.5x
f oat.i
cofh LIV SRR 04 gl BPEGLBULAT, o ARy sin
coafings] sImbpaqcmﬂat | thet graph vﬂmwh tinaty thve neiitiap dexctli of base metal

ir) of t Pt Al diff S|o.ncat|n
intqsf Lot (e resieaty e wiieh Riex PEsEPPREE U Gt the
PATQR frEsiSH Y& Hin eﬁ@é@tﬁ Hat @6 /RO thdBHAP c@étmék Qn studled For a
I nt egrated  evel of about” 2000-2100 ntn*at. % Al

glverc ddtdontent lof ekoes3%40 aivbiutor tiklegrtade) | 1€ch13 Oﬁ r plegrut (FORP-2100

usji on_coa er .
w5} @R bS5 A B s P By contnes
proaéleedFd gtéhalr Jevlel bm%raﬁdwanbmﬁmbu thahi thetawtles dobiadgs 21.
he N -based overlay coatings 21 in general

gpreoii@@@qr @d@@tmouslwﬂgmﬂ At thé\l*élrbamr«d pﬁ@%ny]ﬁ%tﬁém"s 21 in
oener erry H&N %gl%ﬁ’é’\]} eV{’a?lvgl#H%Uﬁgg r? Ve%réf'illlf thla GRL hlo%lel‘ ffiverage Al

I'nt eg ion, app |cat|
IevéibﬁlﬁdJﬁdr@éillﬁtgaéﬂ 1ﬁg@red¢tIAhEvelepal r that are |eaner in

Al level (lower average Al and | ower integrated

| evel s), below typical pr Qducél on | evels of, for. level
In additinss applisation opflikfusns saaEnghduss s thafaly lgpes il leve

a ' els of, for

o B A e R Oy P S R fngtigp v
exampdd, | prigs . PR Wiffuziom Icoatingsadiayi dsabe dinfiflogidoss comtingngb and

dified to co rlse an i tegrated alum Iee
enaf B SEOTEDR S SO, G fifiaby ) Shhfines.  Tor
exair%iee HadkiRlaladi HkicH %hﬁ@ | m&HHE&' t&&ﬁﬁ]ﬁﬁé%@ﬂfe@rdt&ﬁ Sluminum

an about 45 at. a t hi ckness of about 50 m
levél dessethampbeut Zﬂﬁé)sgmif@@t& mes baeprleredh eFhig dﬂﬁ@gtﬂé@ aluminum

lev%]ré{;log‘l Icglgc%laon gq ﬁ‘lal Ig%oﬂts %‘.% E“l).{ﬁ)njhs ta tlﬂfc ogt 50 pm,

or reactive

for BxAMRAL ThéR- cﬁatm%s' maﬂr‘ﬁ’m‘th%r c@ﬂhﬁnée tréitichah additiohdl i Icﬁgstltuents
exanpl e, the coatli onpri se between about

such Bpneble meials £4-&.» é’é.rlg@rﬁ’d i) SR TRIIVE TR &ve%h W v,
ete. R PRYY nOn AR R0S Y pte, HPafinBEMET WmbAA BN EerP AL 045 about

10 atomic percent noble metals and/or between about 0 and about 2 atomic percent

reactive elements.

Accordingly, we have determined that if, for example, a conventional PtAl diffusion

coating having an Al content of about 45 at.% and a thickness of about 50 pm,
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Accordingly, we have determned that if, for exanple,
a conventional PtAl diffusion coating having an Al
content of about 45 at.% and a thickness of about 50
Am correspondi ng to about 2250 nrat.% or greater,
is renoved froma serviced airfoil for repair and
replaced with [ower growth bond coat 21, the airfoil

cof@pordiva it ANOUSHY pBENRETI GNGCatEn irehtadl Ifrodly alsesiced airfoil
while still meeting airfoil thickness mninum

fory é‘%ﬂéﬂfr epenteplacedr withs lawere grawiht fheed qaass2l, the airfoil may
f
w0 P AP LR 5 s

miniBfuén f@p&bmSntﬁtaTob ﬁlsmﬁé 1 1€ thesE Odss evalrpineymingi overlay coatings
coatln s.may cause 2 nil geélﬁater of wall |oss
%4 gt

SKIRORIRETS CBPIoNs apouichtort HEges prapgpairs may

Fefata&%&% ﬁﬁ%t 3RO EflerlofMWall 1
be \%ﬁl?ﬁ [ ogs. é%)’ er, %agﬂé%/ nt h%:eog,)tn%%;;IH\]/Cl%gsea(r)e an s,
wherehd ambﬁﬂlbmnaﬁakﬁlﬂmtsbaoatmgﬁr@} meyedd‘tamtdwously lead to only

unnecessari | r her advapt ages i ncl ude
abouL e rme lomilnah ?ca}\%mﬁerﬁl BF Covi PGy arrbioved
bechisel BS@r! PR Bhl Tided! @Nbe InfibdcBehity s@ﬂﬁﬁf)éd: anbpeh A Pantages
determ ned that” MCrAl'Y coatings known in the art, but
inchwd rdtiiguicaisofdeebriibalpropdrtios ofehe hiadodursiodesslinrbiifagon.
bond coat 21 for |low wall consunption during repair.

anticu ave d | t hat. .
sintBeBr Aot AT bRl My Qatnd Rl in o art, bu
molified Qt@fdeéétﬂ)e@fbe&f\ﬂ nYayp ekt Geophplonal as bad to 1t for low wail

i ncl ude about 10-50 at. % Al, or about 15-35 at. %
congwEPEPT GRHESERET.s IcprrHeulpe 3 haws detspained ﬁlﬂﬁM@rAléfocanngs

BB P BRI AR 48 oS b oo

to mcmdh abomn g 0- Sﬁmt.ﬂ?a)AI,Sdm :iHout) bf«ﬁﬁ rat. Ve Ag ahﬂamchimsﬁs shchria less
[ nt erdi ffusion at, for. exanple, about 2000F /

80 Mot AnTH Hhednigmned levsls pareier thanahan ¢ Agpum

o2 DL en ﬁi%flgsf aRky about

i e e e

1 nalt oRinterdiffafionan) fpr ekiveplepattdun @QO@FG’ Wophdues] B aanonlimiting

ess not exceedi ng about ml s and/or
exa{ﬂﬁieeg LAy DS BIeSGR o “%obe Puvﬁ-@q at.%, and more
preﬁ%[ﬁ%@&i?aﬂdﬁt #0948t 20 188 YA b@ﬁbo’%lt bl glegess of
about 8 mls. These coatings may al so i nclude

reacti ve el enents a’g Zr, H, Y, etc.),
Preferabdy, g]pehgntmgs @]e@pphq to(aethg:knqs&s rp@excpgdmgp‘@ogt 3 auls and/or

t r o
Al 1%}%%{3?6 evo% go% eax wa% P % (% rq/%é% éo%‘re@soiﬂs %&é}é&;ﬁg azcot atv/é Al at
a theJkBER if abolted MeN T&Ew&oaﬁngs sial angtihdodeagactiensiamsnts (e.g.,
and/ or between about 0-10 at. % ngoble netal s

b
Zr, HicVugisd, shenatersngmelengats (e sk, BSsaT’F‘an"é%) R n&%?ofgs@ls as
kno@%Gh %ﬂlé’lgﬂ‘ mA% etl ﬁ&ﬁmﬁﬁné gfar ve out a%%)g%vﬁl"/% reactive

are not prefe Yy 1 ncreas
clements, between about 0-5 strengthening elements aud/or between about 0- 10 at.%

noble metals may be included in the coatings. These coatings may also be
overaluminized as long as the integrated Al levels are not preferably increased above

about 4000 ym*at.%.
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The afore-referenced MrAl'Y coatings may be applied
usi ng conventional application nethods including, but
not limted to, thermal spray techni ques (HVOF, APS,
VPS, LPPS, D-gun, shrouded arc, etc.) and physica
vapor/dropl et deposition (cathodic arc,

el ectron-beam sputtering, etc.). Wen applied to

Tht NbfOeSeRAcl MEIABENCAHBRAYE Baf- fe Mippliedt REBE conventional
coatings enployed as bond Coat 21 may even produce

apzblmn/aon restlelds influding,| but ows linpteddn, thawmal sory tRghaiques (HVOF,

Ao SPERT R pi e A0) T e Byt Vbl ot @pbsiton

(caBRIR OABBANESronaRakl bivksring, N  coatings 21 or
traditional |y thicker MrAl'Y coatings enpl oyed in

conbination wth traditional diffusion coatings
Whasviepbed torthiskaesser of bty mnveboghP Srigmitayhens coatings ‘employed as

bo (ﬁ%%t %l 1%5#! Yvdp glfoldllcé ﬂ)vére?tlg\'}eﬁ %F @Ja{[l éoﬂglﬁﬁ St %@HI%Q\HAI

exposure 1s typlca ower than t
codtiings fenidbyddnfoerivald waat 21t héSuﬂ:hf ﬂhnrs M Ad¥atoatpgs In‘lay not be

nproved. oxidation life is re reactiv
eqwaéﬁlgrfp dhgayerplh PEERIERRIEE COf ‘?ﬁ)@ SRR 2ﬁi qrgraditionally

thiddd1 {AQR ?’K Yoatidbt g@h’}?gw& ihS cgﬁﬁinﬁﬁm ey ii® HfBfonal diffusion

coatli ng ne§s to drive down the integrated
coabings. e\HdwefveI thezmﬂhmvhl](erd:&Snmatrpg ey, bwmlgﬂarly useful in later

consj de i ons uld al so mnimze t ht, gai
repidnie Al heam (P dieceh P stnap rcal Ris Ry dpe, irst
int@lA1861th e dITRERANGRhe SUF %ﬁ?ﬁﬁ/eﬁi A%RIaaPEdifé B RAlglired, reactive

regions of the rotating air , and in the disks to

clempits mayrhe agdided o ingreagecoxadatipodde. However, stationary,
coated conponents, such as nozzles (vanes) shrouds,

Ad&lﬁ:}lgrr}]gl\?%n%gﬁ§l9%la1? ?] gs%?lﬁltestb ;r\g%ogl’? Varl}(?égséé fo ?J] drive down

nts nave ageousl|y

the dgfegrapddneldiehe ioit Toeved lldfonaidptiorn desigwvorgidevdtions should also
envi ronnmental hond coatings. 21l in repajr grocesses

minigzea s wshicsae fye do éB‘?rﬁBH]éffﬂ coating. b‘ﬁyeah Brinpay @dyersely
affdct %VI?ECH%L]ng LifRkds d@%lgpﬁ N ?é%éﬂ%gaﬁﬁ@ P(ﬁ&ﬁtf;g fis, and in
exanpl e ond coat i ng

conventi onal usion
the ldaxke ts whathathé aiyfoilstaey aitiched anesanﬁyﬂ@amnenmmé@oanmnmns

epair an adva eousl re | aced with | owe
such 35 AP BRI BOHAGE ] g B CHEPEBRS ALY Fatgpr Fottetions
ﬁaégﬁﬁgﬁ ol tiple repalr of the conponents, which may

not ermnse have been possible. Wile various

enbodi nents are described herein it will be
Appippnischaveculvhntageoubky dgemnihed dromo thet et of) alt¢roats low growth

enwronmentaf 5onrgiscoatmgs 1nn1te%)a1r\{)%cr>cl:eg§és WE aa{iewifeh&rtgn\ﬁ%g%g&%onem
life by enabling less removal of airfoil wall after engine exposure. Ior example,
conventional diffusion bond coatings and base superalloy interaction zones may be
removed at repair and advantageously replaced with lower growth environmental

bond coatings 21 thereby enabling further muitiple repair of the components, which

may not otherwise have been possible.

While various embodiments are described herein it will be appreciated from the

specification that various combinations of elements, variations or Improvements
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therein may be nade by those skilled in the art, and
are within the scope of the invention. CLAIMS - 1. A
nmet hod for repairing a coated conponent, which has
been exposed to engi ne operation, to produce a

repai red conponent w thout a weight penalty

conpri si ng: a) providing an engi ne run

theFRONALDBE nhddie! BidiHoge akiliag inNME alrt, Sub Sdré atithimalyd B@pe of the

_ thereon a bond coat; b) renoving the bond

mvepizan. wherein a portion of the base netal substrate
bet ween about 1-3 mils in thickness also is renoved
to create a remai ning base nmetal substrate of reduced
t hi ckness; c) applying a | ower growth
envi ronmental bond coating directly to the remaining
base netal substrate conprising an alloy having an
al um num content of about 10 atom c percent, wherein
the | ower growt h environnental bond coating and the
remai ni ng base netal substrate of the conponent
interact to forma diffusion zone, and upon
subsequent repair of the conmponent, |ess than about 3
mls in thickness of the remaining base netal
substrate is renoved because of |ess environnental
coating growth into the substrate than the prior bond
coat, thereby extending conmponent |ife and increasing
repairability of the conponent, wherein the | owner
growm h environmental bond coat has a density |ess
than density of the prior bond coat and the repaired
conmponent does not incur a weight penalty in that the
repai red conponent does not weigh nore than the
conmponent prior to repair.
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2. The method of claim1, wherein not nore than about

1 ml in thickness of the remaining base netal

substrate of c¢) is renoved. 3. The nethod of claim 2,

wherei n thickness of the environmental bond coating

of ¢c) is controlled to produce an integrated al um num

| evel of |ess than or equal to about 4000 pnrat. %
CLAIMS:4A., The nethod of claim 3, wherein the

envi ronnental bond coating conprises a materi al

sel ected fromthe group consisting of N, A, Cr,
1. A ewathad/tor e¢nainingt @ coale| aompenants WAKH esrinana@inesed to engine

enf i ' i
oprAfi° Y proghce HiRp TR Oonfindit ifid o IR eRah GriitRibg
met #odrovidingl ai rer@inenhidt spmpenenteinciigipgneriiage Meial substrate

;ﬁﬁﬁ ] f an integrated alum num | evel |ess
hat ahé%%gﬁtboggggﬁsﬁfat. %A . 7. The nmethod of claim

6, Wheemsvingtthe tomdi caatmwhersin Bawndticroah thegbase metal substrate
bet\%élﬁ UBbQAM1-89a4d MPthickness also is removed fo create a remaining base

metal substrate of reduced thickness;

c) applying a lower growth environmental bond coating directly to the
remaining base metal substrate comprising an alloy having an aluminum content of
about 10 atomic percent, wherein the lower growth' environmental bond coating and
the remaining base metal substrate of the component interact to form a diffusion
zone, and upon subsequent repair of the component, less than about 3 mils in
thickness of the remaining base metal substrate is removed because of less
environmenital coating growth into the substrate than the prior bond coat, thereby
extending component life and increasing repairability of the component, wherein the
lower growth environmental bond coat has a density less than density of the prior
bond coat and the repaired component does not incur a weight penalty in that the

repaired component does not weigh more than the component prior to repair.

2. The method of claim 1, wherein not more than about 1 mil in thickness of the

remaining base metal substrate of c) is removed.

3. The method of claim 2, wherein thickness of the environmental bond coating of c)
is controlied to produce an integrated aluminum level of less than or equal to about
4000 ym*at. % Al

4. The method of claim 3, wherein the environmental bond coating comprises a
material selected from the group consisting of Ni, Al, Cr, reactive elements, nobie

metals and combinations thereof.

5. The method of claim 1, wherein the bond coat of a) is a diffusion bond coating.
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8. The nethod of claim?7, wherein the diffusion
coating conprises an alum nide diffusion coating. 9.
The nethod of claim 7, wherein the diffusion coating
conprises a PtAl diffusion coating. 10. The net hod
of claim®6, wherein the prior bond coat is a PtAl

di ffusi on coating having an integrated al um num | evel
of about 2250 nrat. % Al or greater. 11. The method

6. @g ngﬁe@ﬁda & cmﬁr&;whéreincéﬁaeémeﬁmwﬁl %BHH rRRRNLEAL) has an

coatin is control produce an

inteigratedypliminiinalaye] leaniaaabioun?2d0uyg atiamlor equal to
about 4000 nrat. % A . 12. The nethod of claiml,
wherein the conponent is a gas turbine engine
7. ‘Thenpwtieast of clagn Srhwhareinhibel erfvirohmentall bopghpating ishe diffusion
coa(ﬁﬂ%i ronnental bond coat has a density of about 6.1
/TnB and the prior bond coat has a density of about
7.9 g/cnB. 14, A nethod for repairing a coated

8. FUTRYUMESY of \Mé'lrﬁhT hﬁﬁel}éﬁefheeéﬂ%lgﬁ do2ti YofPrises an alumlnnde

operati on, produce "a repaired conponhent "w thou
dlffumrgmatlpgnal ty conpri si ng:

9, The method of claim 7, wherein the diffusion coating comprises a PtAl diffusion

coating.

10. The method of claim 6, wherein the prior bond coat is a PtAl diffusion coating

having an integrated aluminum level of about 2250 ym*at. % Al or greater.

11. The method of claim 1, wherein thickness of the environmental bond coating of c)
is controlled to produce an integrated aluminum level of less than or equal to about
4000 pm*at. % Al

12. The method of claim 1, wherein the compdnent is a gas turbine engine

component.

13. The method of claim 1, wherein the environmental bond coat has a density of
about 6.1 g/cm® and the prior bond coat has a density of about 7.9 gfcm®.

14. A method for repairing a coated component, which has been exposed to engine
operation, to produce a repaired component without a weight penalty comprising:

a) providing an engine run compenent inciuding a base metal substrate
having thereon a bond coat;

b) removing the bond ccat, wherein a portion of the base metal substrate
between about 1-3 mils in thickness also is removed to create a remaining base
metal substrate of reduced thickness;

c) applying a lower growth environmental bond coating directly fo the
-remaining base metal substrate comprising an alloy having an aluminum content
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a) providing an engine run conponent including a base

nmet al substrate having thereon a bond coat;

b) renoving the bond coat, wherein a portion of the

base netal substrate between about 1-3 mls in

thi ckness also is renoved to create a renalnlng base
sub trate of reduced thickness

net
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14, wherein the environment aI bond coat has a density

of about 6.1 g/cnB and the prior bond coat has a

density of about 7.9 g/cnB.
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