METHOD FOR REPAI RI NG COVPONENTS USI NG ENVI RONMENTAL
BOND COATI NGS AND RESULTANT REPAI RED COVPONENTS FI ELD
OF THE | NVENTI ON The invention relates to a nmethod for
repairing conponents exposed to high tenperatures
during, for exanple, gas turbine engine operation.
More particul arl 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
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_.a thermal barrier coating (TBC) system D ffusion
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envi r, n{rgnt coati ngs_for gas . .
crystal nickel-based superalloys.” These components are cast with specific external

features to do useful work with the core engine flow and contain internal cooling
details and through-holes to provide external film cooling to reduce airfoil
temperatures. Nonetheless, when exposed to the demanding conditions of gas turbine
engine operation, particularly in the-turbine section, such alloys alone may be
--susceptible to damage by oxidation and corrosion attack and may not retain adequate
mechanical properties.  Thus, these components often are protected by an
environmental bond coating alone or a bond coat and a top thermal insulating coating

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

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

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




turbi ne engi ne conponents. Ceramic materials, such as
zirconia (Zr02) partially or fully stabilized by

yttria (Y203), magnesia (MyO or other oxides, are

wi dely used as the topcoat of TBC systens, when a
topcoat is enployed. The ceramic |ayer is typically
deposited by air | asma spraying (APS) or a physical
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required a bond coat, such as one or both ‘of the

agove- noted diffusion alumnide and MrAl'Y coatings.
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turbi ne blade. During engine operation, the
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ceraoidt ilags, there is the ‘inevitable requirement fo remove and replace the

environmental coating and ceramic top layer (if present) under certain circumstances.
For instance, removal may be necessitated by erosion or impact damage to the
ceramic layer during engine operation, thermal spallation of the TBC 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 spailation and oxidation/corrosion degradation. The high

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



2 Current state-of-the art repair nethods often result
in renmoval of the entire TBC system i.e., both the
ceram c |ayer and bond coat. One such nethod is to use
abrasives in procedures such as grit blasting, vapor
honi ng and gl ass bead peening, each of which is a
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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 continuaily seeking new and
improved 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.



3 BRI EF DESCRI PTI ON OF THE | NVENTI ON According to an
enbodi nent of the invention, a repaired conponent is
di scl osed. The repaired conponent conprises an engi ne
run conponent having a base netal substrate, a
portion of the base netal substrate between about 1-3
mls in thickness and an overlying bond coat having
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growth into the substrate than the prior bond coat. Advantageously, the method

extends component life and increases repairability of the component.

According to a further embodiment of the invention, a repaired component is
disclosed comprising an engine run component having a base metal substrate, a
portion of an overlying bond coat on the substrate having been removed. The
component further comprises a lower growth environmental bond coating comprising
“an alloy having an aluminum content of about 10-60 atomic percent applied to the

substrate so that upon subsequent repair of the component, less than about 1-3 mils in
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conmponent further conprises a |ower growth

envi ronnental bond coating conprising an alloy having
an al um num content of about 10-60 atonic percent
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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 1, 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 temperatures as a

function of integrated Al level in the coating.



Figure 3 is a graph illustrating a conparison of

di ffusion zone thickness/estimted wall consunption
at about 100 hours of exposure and vari ous
tenperatures as a function of integrated Al level in
the coating. 5 'i. DETAILED DESCRI PTI ON OF THE

I NVENTI. ON_The repair nethod of the present invention
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Ni - base superal | oy. For exanp ase netal may be
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 René NS 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




made of Rene N5 material. The as cast thickness of the
airfoil section 12 of blade 10 may vary based on

desi gn specifications and requirenments. The airfoil 12
and platform 16 nay be coated with a thermal barrier
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substrate and conbi nes with t'he ni ckel f usSi ng

- ougartopating pn @micked-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 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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substrate to forman outer coating of Nl Al. Because

the formation of the coating is the result of a
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concentration at the outer surface of the article
Thleicohcenirhtiornt ¢fdﬁinind]ymdifﬁxshvlnl 2pnel Wi garyids gt diffirfassivbmarid o dorm

SRR S 0Bl S 2008 P R AP 0

sWbdtatedE athithihyd, G8Cthe ?\ﬁ%oﬁ&énﬂah&?fnecﬂ@ Hﬁﬂlsﬁ')h%ﬁ@ Gv?ll bk Ms®and
the substrate. Conversely, Ni have a

“QB eemsraafuhetionw ftdiﬂtmcle hato the mffumn eons dThe telsulttj 1Sf thetsadthough

the hin | a | um m i ckel .. .

NiR oG 1 oer BSHcc bl ot LA M btadiet o VRyifle Sippsitionypf N

aﬁ@ NG fvilsl beviaden tBS obler dhdfidesRa t@éJbM\?hﬁl duBstt-A¢ Bdmpbetion. The
Ni Al. At a |l evel below the ori surface, the

cpfeniraion\gradisnt i i end @ﬁhqrr@em@mmhaﬁ ah%usesoutwardly from the
' s%h‘%%ﬁ%ﬁ%d%%gltédqﬁu mucﬁ? nﬁle %}ea%té 8‘?&3% ? % Mefu;ﬁ Itl%] outer

zone WiV as a

sulfat afide dridle ahd thatlpdifioaiod Ithezsmb aratél' hevingiubiiginal ddaddosition.
[though N Al forns at. the outer surface of the

Ol eOHEFs exposyeRfi BRtcogtedy SbHIrag 1o AFpBEIHiANgn 2lgosritere dpically
m’%lt&f 1B foRRLGESF aﬁlrﬁﬁuﬁﬁi%lﬁﬁge? Y dr 3EniBid RNk ggét

substrate conposition concentration gradients of
Ni and other elenments that diffuse outwardly fromthe
Aalizhimunmlemandb QPMI) dé[fﬁmécbn exhtiaf alsp may beAbrmat ewatlecteoplating a

usi one out e u face t he
o $ 85 P BARER 10 g Pise o Irsb gl r A EecRisgmityd, tigkness
TR, Gxpabur§ BIPRR pialiflum & HOYRSRnurE¥RASEBrofmehl&t clevated
coated substrate to an oxidi zi ng at nosphere typically

tempsrarures Fauseshibe fgowitht ofomn oftemlayed ofPtdd as ajumingwediffibes into

ot ol Bl TS s Sty B b By RS i ol e

substrdt® icharlgipeihe @f)ni@bﬁhbﬂ WNRY Sibstrite, Whitlk @hmiAs8 moves inward
substrate to a predeterm ned thi ckness. Then,

&@éébm@%memmwawm@m diffugian zpnanfibersybiseate. Thus, complex
stﬁ%vé J}*T?PN r? a? L%, E;&'ngxg\l%t éh%?f? 1& A3 %Eﬁfmth a thin

aye as a um nu

layantaf Ptatodar eﬁﬂ‘dsﬁhmtﬂibﬁ ire aluindini UM eléMatddn@nparatures. "As the
s outward fromthe substrate chang| ng. t he

a%wg%g s SPvaT o the cubstigie Pad iy AIRGSR WVBe opposite
du‘eE‘?@t f ItooFHEIZIg nc‘gébgpk I?% gﬁ%ls({ﬁrezé)?kaﬁ é‘ﬁd‘s@st Hla? E)'rézlpltate out of
sobition st thrag theaésuftizg M-V lalleﬁnéta)]ﬂmmmhym}sowopm thg paecipitates of
Ptiﬂbi %321%&3111%' € t W &l %%enqclggl ta?mmm(ft?: coating, a gradient of aluminum
occurs from the aluminum rich outer surface inward toward the substrate surface, and
a gradient of Ni and other elements occurs as these elements diffuse outward from the
substrate into the aluminum rich additive layer. Here, as in the prior example, an

aluminum rich outer layer is formed at the outer surface, which may include both

-platinum aluminides and nickel aluminides, while a diffusion layer below the outer

layer is created. As with the nickel aluminide coating, exposure of the coated

substrate to an oxidizing atmosphere typically results in the formation of an outer
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| ayer of Pt to an atnosphere rich in alum num at

el evated tenperatures. As the alum num diffuses
inward toward the substrate and Ni diffuses in the
opposite direction into the Pt creating the diffusion

zone, PtAl2 phases may precipitate out of solution so
that the resulting Pt-N Al internmetallic may al so ]
lgshtedi gumia. pr egdiltﬁb]lea{ﬂé@m}fle cpaiiee alpe dneludalthe sommercially

%ﬁa%let @&ieﬁ 'aﬁ{ﬁ?l’ud% Cldgill % %t c{fn v%‘hc gc%—m@%g n gfu% fngegt No.

m num - occurs from 1o num
31,6&(/&85 lisedvalogie tolt én Sbhhbﬁléﬂélﬁw&h raf f&@ﬁele@f@lata 0@ pREh@A! among
g_{ ?gpd other el enents occurs as these el enents
f FPRBICEGRMRESd from the substrate into the al um num
rich additive layer. Here, as in the prior exanple, an

LR A S B0 0, DB, oy o o
geaater thaokaboun0.00# M inkhss (40h |nh1ts) andl ur_fd&-e:l wmmllyaney beabaw 0.002
il S Sl mRL Bk o Fhe Auhiskt Byt Shishos grog into

tHeOs1RrAX| %Zdaﬂg Iﬁﬁﬁ%pﬁlﬁfuﬁ dOU@'S%le R [@sis hﬁl%) more
formation an outer 8 |ayer al um na. "Sui t abl

tyiaghy.mbget @Qal imrhes &l QDI)IthIGk,uW'bﬂQ the aemasiddival Ihyer compnses

I d f
RARLE TR MR D U LS 5ORS 9 mB5 BTl o
ctﬁﬁpdnﬁntQﬁisbhmtal dffulioh Bod Edak 6F aRMEOD02P Lihes Qbout 2.4 mils) in
pl ati nug anmong ot her suitabl e coatings. The overall

udémg taHeadflitive davsn fothonhd- Gy inghgs (bRtmils) and a
t about 0.0045 inches
dli%ﬁgﬁ %,}ey% n%?lkéﬁ%“’}% g‘?ﬂ"ﬁg/l ?mli]‘@ﬁ%e about 0. 002
I nches- 0. 003 i nches (2 3 mls) in thickness. The

Cctialfnimbmml bayer coatingc? may Geobe optidmlly tappliclidat thattend coat
(0.5-1.5

| 1 b bout 0. 0005-0.,0015 h
24P wbied el 51 Sty ek b@nemo‘?th%ﬁagsl@ 0 fegiired. for
entllmdﬁhent%f hgp ﬁ&bﬁts@ % 'ir %’ggésgésvaﬁ a?fed%gﬁﬁ%%ég§ H]{)W%ver if
S m

bal ance, usua 001-0 I nche

pregsnt, escamid él,enaalrimmmetmg:mmmycenmpm fillbver purtially stab111zed
4 inche about.

sefersLPRY 3ot 4B e R PP GS Aealna ErpeN GpepRigy coting
m@A8AK kibvidDihdhé REheRathpled offuitable %E‘ﬂnﬁcs 1ﬁb1ﬁ1fié‘ bR 9298 Gyeight

of about 0.0012 inches (about 1.2 s). Ceramc
peragal gigonigatatikizedcwith iahept 728 meight mlm:euteyttjpt, jagvag onher known

coAe W Bl SoBRS o Moyl o OB st 28 oy 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. More particular
examples of suitable ceramic thermal barrier coatings are described in U.S. Patenf,
Nos. 4,055,705, 4,095,003, 4,328,285, 5,216,808 and 5,236,745 to name a few. The
ceramic thermal barrier coating 22 may have a thickness of between about 0.003
inches (3 mils) and about 0.010 inches (10 mils), more typically on the order of about
0.005 inches (5 mils) prior to engine service. This coating thickness should be
considered nominal, as design and manufacturing may intentionally vary coating

thickness around the component.




enbodi nents of Applicants' repair processes and

repai red conponents. However, if present, ceramc
thermal barrier coating 22 may conprise fully or
partially stabilized yttria-stabilized zirconia and

the like, as well as other |ow conductivity oxide
coating materials known in the art. Exanples of

R afid-descabati aatedn chmgeneabonieefRg Ohewatigdynanjier diahsions
.zircqnia stabilized wth abaqut, 7-8 wei ght percent

iftepder By Usiiihg R SCraes i FRETHP Mgt FRBgratures for
& RAdINISiodd BLLRFR! FirhglhiR! ' :

be _az)%ﬁ ed by ani}m srgllgttghgleg&nseugﬁgﬁé %(rg}ngc (%)?E?Q?}ag?dw\fhmugh
ptendHé1onovitit ecubstiatmalioy. Bhe ektent ofdhe inberdiffupioy siayalepend on

va depaosi ti o EB- PVD) | t hough, .pl spra
tlaee %gfgqsmno ﬁoufﬂ? o@eﬁgs gﬁgg <ol E‘E")?Eb ec_%éﬂ‘& 333%11?3 , Sbstrate alloy
cOAPBISTOMNI AN BAldPNEnd (MADEraRRE hilCthabf cfyoaam) es of
suitable ceramic thermal barrier coatings are

descrjbed in U S. Patent Nos. 4,055, 705, 4,095, 003,
Iy acgoplapepswitls ap pepegbef tha dersiraseccse st the niegsst invendian, thhabove

. . ti _ v _
SRRSO PRI SR8 BTN o it g
tealdetetmitie Oth® dmednesofl #8arroh She el aktyqulahl withorespdie to any
or.der of about 0.005 inches (5 mls) prior _to engine
crvaropmeRtal aiack oz aay Fragation eithe sulesrraunis thermal brsiprerating 22.
IRPLEBA! ' AP cfgmirp Yard i .
vgr ylegcﬁﬁﬁ%%g&?#ggn ss “ar g%r% the glo{nﬁgoaﬁ{éﬁ{l&ﬁ%hg Eguﬂ and
flafosgcentd psuatiabe dnspeetiey ammpootrts. nHeheaegsarethe tip may be
aerodynam ¢ di nensi.ons _intended by design, when
diipaiobaty pared I RuEre et dimEn N osed o hi gh
tenperatures for extended periods of tinme. During

Nbkt § REQBAHEIS préRnd) o RedderARicNBY¥med) Bk By 22 may be
interdiffusion with the substrate alloy. The extent o

repioued frowy @i blagsi 10n byrmeanelbmveh inrthe ateingludings¢hsmicsd aipipping

. ti.ng Al _levels, coati t hi ckness ubstr at.e
adfordne R otonts” R xS ke Mikiay BifgEt e 22
maytle tdntered byeipoahethodsendl6fing amasic Wutd21 48 aB&Bestit Blhsting

the repair process of the present invention, the above

Pregeatesd bhegeranue thgnmeh beraist seating: Sarplssamiey din emsiveé by the
proéesses Ccﬁ:s#%édbiﬁ U'S. PatenP RRE B0, 3450 aﬁl%}lg "WdE, YAIF patents and
t of we urarfy w hregpectts

anmoun ar on the part, "pairtit
apphbcagioys referencedhierin ale imdokpehted by défgrenpal | ati on of the
outer ceramc thermal barrier coating 22. |nspection

Aﬁ%fnggyaﬁ g?a}%%gﬂ%igx@%%i brraerr?enrscolétri]r?gvgz,lip prtege%t,a::rléahing processes
may be employed as described above to remove residuals. The blade 10 also may be
inspected at this stage, for example, by FPI techniques or other nondestructive
techniques to further determine the integrity 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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flurosecent penetrant inspection, anong others. |If
necessary, the tip may be conventionally repaired to
restore part dinmensions. Next, if needed and if
present, the outer ceram c thermal barrier coating 22
may be renoved fromthe blade 10, by means known in
the art, including chem cal stripping and/or

capete Al @’aﬂhstpmbngs@e@lenﬁmis @xchtth;mratuﬂee emicgml dn lrt]lhﬁbasmi coat
Ll t
B4 S S e o e B e bl ardon gl 16 HadBr ng

processes The ceram c thermal barrier coating 22 al so

| Afzy abp destirnviegkiny, hbhanREIHEE86S sd@ﬁi&sfﬂhb ask dfbkdse materials
Pat ent No. 6,544,346, anong ot hers. atents and
oF FRAMIEalnTeRssses SRy a5 e BePUs @fid selutioas, tmmlg'csr mbgate oy nitric and

L Ny T
ZQHyIIbéleemsﬂ Gﬁlmdtaﬂﬁz chadngs hred %hca\hﬁnﬁlﬁmr eRENiBal etching wherein

re uals Theﬁglade 10 al so nmay be |nspected at this
e 1§ Shbrasrges Iean pyuepps cherpishl efdant disselvingthe coating as a

t
“‘?ﬁ‘{“ SS?%E*F?%W‘?&%* FF R M S bR TEMEHT Ao dfie bond
C@ﬁdéﬂJyymgmuonﬂwubal22@nﬁaX0Mb®M(ﬂE risehiev)e dmby o bt bkrateved.
rior to renov of th bove bond coat
AgtprdingR Bl o oot R GBI bWl R I QR ATty of the
1dt)@d1(ffﬁ9éd3ﬁﬁ¥érltyﬁx MRS el %ﬁﬁkﬁ‘llatéc Hﬁfx%%%rne‘ffedt tﬂ@rePJf ?x%g%ti]rl% in a

and protect an%plnterna coating fromrenova

Wﬁ?ﬂﬂealrfaﬂmagﬁ kreser at ure wax 10 capabl e of

wi t hst andi ng t he chen1ca|s and tenperatures enployed
[ €. va ste be [njected into the
Alﬁﬁrt {eﬂr%na ﬁﬂg %:918’5&1 Cﬁrgc%% ﬁyaedlg ]fé)’e kz}rlt rizpe fgmoved.

Hrghs&np@ammﬁmaﬂl VEJCOBPHSHS fiyhiades %?ndn%%ﬂké? %r&fesses may be
a rasjve materials or chem cal processés such

fEsus i Bark anayt be r@nvclymnéﬁym}eaae% thﬁ@H@V@freﬂduarlii ¢ For

1 Rﬁ | reppve o

© st ief) o%?@l{& %gh%H%gP ?yl ,nagnongqtgé&fgeamlnﬁ t‘?“ﬁ’glq&lg%e of
metal |ic coatings based on al umi num chem cal etching

Wﬂldm%EIaM ﬂlhfeothen probesséssalsel brgrigegeriotmad, RG1esds to repair any

hant dlssoIV|ng the coating as a result
deg‘?’% 1831?; S teg $uch A8 FeRpiR ANddeskiaping PE Hp dirpensions.
additive layer of the bond coat 20, typically about

A hewt bBhd $ot02 DRy (hdzivaRGBES Iy PRYpIIRd 1§ TRVEdde 1%, rﬁﬂacmg

Accordlngly, during the renoval pr cess about
pripop bowrd coat G193 in pestiesst toopriartteachings in which the same diffusion bond

coat was reapplied to the same prior thickness. Bond coat 21, also referred to as NiAl
coating 21 or 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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interdi ffused underlying base netal substrate may be
renoved thereby resulting in a decrease in airfoil
wal | thickness. After the coating renoval process, any
enpl oyed nmaskant al so may be renoved. High
tenperature exposure in vaccumor air furnaces, anong
ot her processes nmay be enployed. The part nay be
detemminstl i thatal bynd kestrdfdist plaeebwathy dsi eMaadpbe, aFNEAL coating 21,
npl e ter flushing may .be enpl oyed, anong ot her
fﬁﬁ@%ﬁ@ﬁ’&vﬁﬁﬂiﬂrﬂ]ﬁ’éﬁmﬁgpm%ﬂ?m and ot her processes
also may be perforned, as needed, to repair any
Bieliaohs2i ﬁ;a&%rr#;bﬁgq‘?h'Ni!AHGr%H&?%@mp@éiﬁ&h Bssell @RABNIAl and
and reshaping of tip dinmensions.” A new bond coat 21 _
reagiive plemenigviacludine busnat lisaiteddp Y, & and Hif it Cadeing @ptional in
l. ac] rior _bond cpat i.n_contr.as prior
sbBESREES. R\ chimont, Ra*08ias 20y koPBi B b Fgi s percent

ahe@pPhise ds tobd redsah@ntdy bOthe (GINTARRSSe. GOBHsEABLe cddtings for
also referred to as hli Al coating 21 or environnmenta

bpRhPorlodt i inglude thessr desgeibpsl dn copusonipraspisngsd LSt Ratent Nos.
6?2‘39%99,“%%3%@?' 6284 088, Ahd 37OPASSIARLE #ﬁeﬁXF 0s. 10/029,320,
Appli cant's have Surprisi ngl ydet®erm ned "how t he  use of

Ie08 5@ end/H)/240&5 . gr owt h  envi ronnment al bond coati ngs
21 can achi eve extended conponent |ives by enabling
il.walls durin

P63 R SR YEY Oy e bbbl G odh b prad bl Sacrary
oSARYEDI B0 HHaly{divhRDeLRY GORNDI ARy RYisiBfing BERN Sy of

duri'ng repair, and advantageously rep ower
nigkdvittd dvminuon ash tertaibingdzicoatuiom gs a2kry hantet ranount des been

eqpri or. bgnd.coat.i ng or. new .nma coati ng. . .
B R RN LR ——
syt Bovdxadild, SirtSRhACRMitnk bf af RhsteX2aRfe perdthtte.g. 0.2 to
coating 21, further inproved perfor mance may be )

. ahosh 5 Akamic pessentgargenipm) haye besnshowe tcasmmiibmtérmmwel thy life
Jat 4l basg n -NyL Al an reactive el enpnt -
o € BRAA Aeher a8 Bk Pty 30 31 "G el SR Aominice
bdudicogt @ptaitng iréohiub OR otikehie pesdontTRnt oM £-NiR0phase, as
coat 21 may contain _about 30-60 atom c percent
deé?@hﬁdﬁ%ﬁ%-%&aﬁ‘@t $:8°580br edoni nant 1y of the 0-Ni Al
- phase. Other suitable coatings for bond coat 21 -
el dEoddn AesGliedd Y, shpye
SRR Bl 65F 210880 (B PreliBp SO P8 JENCHe hity linited
allapiplgiadditioonoBardoalunNesd cHdARA, FO instance, bond coat 21 may also

contain about 2-15 atomic percent chromijum and about 0.1-1.2 atomic percent

zirconium, for improved spallation resistance of a TBC deposited on the bond coat 21,
as described in U.S. Patent 6,291,084. Bond coat 21 also may contain alloying
- additions intended to increase creep strength and optionally contain alloying additions
to increase fracture resistance and promote oxidation resistance. For instance, bond
coat 21 may include additions of chromium, titamium, tantalum, silicon, hafnium and
gallium, and optionally may contain additions of calcium, zirconium, yttrium and/or

iron, as described in U.S. Patent 6,153,313.
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10/ 044,618 and 10/ 249, 564. Bond coat 21 may not be a
traditional diffusion alumnide or traditional MCrAl'Y
coating, but instead may advantageously be a N Al
all oy consisting essentially of nickel and al um num
and containing zirconiumin a very limted anmount has
been unexpectedly found to drastically increase the

Boady¢ase 21i may dfe applivsk byl fivaexdngre,cosng g PVEY pramess Faorh as
2 at

e,..zlrcgni um additions.of at least Q. m.c
ng@%@‘ln_ S%lél_ceé_ _Sﬁ:gl ot éi%{)os(l)t_lcgl., aqrp me tr%a@éjﬁtt p]QLyswal vapor
depasitivnl UHpwERt e oltee dediaih febrSidR i fldoCARY B dRbREE such as

the life of a thermal barrier coating system Bond
thezmel spray e cathedic gEc propessice| Bendipdati2d ealshoap teoapplied to any

SRS A, B SRR B R Py e
bEtw2eid ,2B6xt. 0.81 miilk 20l0004 biatieksy @dttabddt FBMilDE0.005 mils), and may
n%goqknanﬁé¥ of the O N Al phase with linted )
pigally it goabed to Bensest 2ot domilUmOR dnalissladpougrmils (0.002
iy ' -15
wh e DR o el QAL AR, e o

bggwmeere aboutz 1 56 milam(0.0015-D.0P2 dvelebsk pial thrkh@s thesi s padvéausly
of a.,TBC deposi.ted t he bond coat 21, as descri bed
renpved §%&ﬂ“%%§&o‘%%}%@h6%@é& lager off ahguphy? mils (0.0012
ingp&y.ai n alloying additions intended to increase creep
strength and optionally contain alloying additions to
i ncrease fracture resistance and pronote oxidation
Bendsgogt Ahway bedeposited imeish aypamber asdatmidimiza iffusainugfehe bond

.U I tanium_ tantal um .silicon
REPElARRs ol iR Moal 3o olral Pty % fbsioR %ohe of no
megdhtn @D snieforeate] pitferdbly GRNMER thant Adouisafi@heteds! B3y be

s described in U S Patent 6,153,313. 12 Bond coat 2
| acﬁwe Surgiigol Y Padeppsitipn techigupy- eAltheughgthis @ifibsion gons icreascs
L..physical vapor. depositi
O SR BE RN Pl 3 e BRSSP Rl Cvet of
inetaeton detvaeh tthebohé coni Quesd adusﬂraf@yarcﬁﬁo@M@g&ﬂ]gﬁ&u ©ff an
ond coat

in1 [0 PGl A BB X de, PP DR ko eyl the
* bl e BySANSEY Y hESHRNS 8°lcion o
voammiugusalo:m&mrm offdes nf subjtratanonstiyentst Wy Halting diffusion of the
bmg(g gclglfltegl ::ﬁ?lr(g %%?v)\e sggﬁraa?eo léltum%g n;uLseglgéI%O%xﬂoggrg? Si’l)lill?ﬂqgl 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,® 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
13



i nches). Bond coat 21 also may typically have a

greater additive |ayer, such as between about 1.5-2
mls (0.0015-0.002 inches) in thickness than a
previously renoved diffusion bond coat 20, having an
additive layer of about 1.2 mls (0.0012 inches).

Bond coat 21 nmay be deposited in such a manner as to

the FiveRtan. diBond siosh 2 bfadvintageowsdy groms commidsraliy dess shimtypical

he.hase . | .subst.rate. For instance, a diffusion
AGACRHTE R ARHA T it sRTHBRSS epfiuf pimior Reosure.
AwoEiighy doddsidandrophied RIEEASin 18@baiemeacIdsgved during
PVD deposition techni ques. Although this diffusion

zone increases during engine use, depending on i
For PRy thickaeses iafetbohi gnil {0004 inphegh o€ @ higbeat deosity PLAl
Al RIAGIHOLaP 20 VR kb3 BANFOAL 12 F N SURBEARRE Ni-based
pronotes the formation of an 1Mt al "ayer of

e @ni4 glehny ) maryebeatemnoiediduring tie regaioprot&s. NIl @etlay bond
i ve al um num oxi de | ayer during

r h of the rotec . .

Cgﬂé% haygg tﬁlébfgf‘éég?ﬁf%%utf lof RS GhoQ-0.00% linghesionay be applied
n t ' 3 i _ :

D e S Pl BTl (GHOPDIOB) InGREP bl iR cPmic themal
barnibstaating 22 wr pthgr suittbegeentic exapomlr Fhe pdating@R or other suitable
substrate. . material y be renoved during ]
oGP BPTRDARE FOflig LiRsr R T4 PGS Y 1DRgoag sprtl vsing
coMventidaal mcttonsgl and ceranmic | ayers of the coating

system are renoved to allow deposition of a new bond

coat. and ceramic |layer on the substrate. Applicants _
Apeopding eloe pribpdignentsr 6fighe tivemiinn, bhad eatingh Féntnclefing thin

- tradit.i I AlY
VEORA £88 B AL LTEN 6o 408k AN s
owen dinideveluntnids iand PgAlaiftbsiolVbs LIRS For the BiveL @ ihserdibasion with

cqQat 21 r{ay have a  density of about 6.1 g/em 3 which
the base, pastal; h THus ofeplisanls heve radyreaceoalyi drjerangdnihag alternate

] 0 cB.: rdingly, .w h .
Y b Ml 2, B 1 AL, ol e simpi
alwreilidecanieptatinr [l fusioneratidgnsdghnding Ne lovel rdfditeRidffigkion with
thcgat 21, f"é[qtqher roperty inprovements my. be | .

¢ Baemdal 0 thusiay Breyeyeddndrniacs sonypmiinmrhdifusiogoatings
dutide b&fir OVERLIOMe 1590 dVAH AAHAHS kY

co%siél%ér ably | ess thaﬁﬂ%%?ngﬁmﬂdﬁ‘?u& oﬁﬁgcl;y | ng\é&lm ares
the kefiraged iatr&ail svallprapsesptiom brdRiil ndjfesign neatifpsrmadeoto either
sinl(:“g?;e'D lop uree b(ggé%ﬁé];gbpefg@tgt_egows%;g ap arsgp vlv{tl'f f‘mtAllzl prrgcslg{tgtes)

requirements to that of NiAl-coatings 21 at about 100 hours of exposure and at

various temperatures as a function of coating Al level.

Coatings were characterized by the amount of Al in the coating with use of electron
microprobe analysis (EMPA) techniques. This data can be used in different ways: (a)
obtaining an average level of Al in the coating by averaging the EMPA measurements
over a certain thickness or down to a fixed Al level (e.g., down to about 30 at.%), or
(b) integrating the amount of Al to a certain thickness or down to a fixed Al level.
Integration may be accomplished using a trapezoidal integration method to sum up the

area underneath an Al content vs. depth into coating curve. The aluminum content
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For exanpl e, thicknesses of about I ml (0.001 inches)
of a higher density PtAl diffusion bond coat 20 and
about 3 mls (0.003 inches) of an underlying N -based
alloy (8.64 g/cnB) may be renoved during the repair
process. A Ni Al overlay bond coat 21 having a

t hi ckness of about 1-2 mls (0.001-0.002 inches) may

vskae damphined usiplgligectrbh ndemprad, depliostand aBabvut Sym 1ntervals from
-0. 003 inches) of adfltl onal ceram c therma
ﬂﬁ‘»atpp .oéfhecf@at% gitote bascopplal and infegritinedbs ghve t%&? @P}I’é where

QIR PAbING 9P Al %asoéﬂg%eé Uh 4RO lcgatgfger@ﬁ% Oéi‘&E I level is a

arrier coating present,
pmﬁelthdonelho&lo nﬂsnmfg coamrg\/gnmlo paﬂemmm ]hwahver AnzeragedAﬂl ¢pveband

i.ment s, of Jnventi 0 bond coatings 21,
C‘?ﬁ%}g F]ﬂbesfﬁ’i‘iﬁ’m lﬂP“fS"’cCS‘SR F'riﬂﬁs descri bed further

bel ow, have been di scovered to have advantages over

Thé PRAE c@tihB] BhEl8r amskhPhvAl adiihfluSinaf eRRiHeNGtRer @Fo-piiRe, had
| evel of interdiffusion with the base metal . Thus,

diffspint Admessirementsidvant ageousl y det ermi ned t hat
alternate |ower growth environnmental bond coatings 21

hﬁ}e su%rfe ﬁlq N %zﬂ% 124 Gh a%égggé ﬁ% ke%l fcg? a% lgt%Paa@% %ﬁﬂoﬂ'ﬁ'm pm

coa S regar
(2 miprtickhessi @owni tbhabothObsﬂ%) oetadl infigthtédh leselnay abeut 2050
rrpl oyed to replace conventional diffusion coatings
heint ey epai r to extend thelife of the conponent. For
exanple, Figure 3 conpares the estimated airfoil wall

)C'HMFHJ% & ctf)anng %‘ad\'&lq AV &S AP TevePBE AP 4TBOR 4l BohtES um

single ase preci pitates) or two phase

(Z(SMHIB tRicAASS p(dewn [0 tahowts30 at.%q uirr anemtgsated levehof about 2980
tings 21 at about 100 hours of exposure and at

AN - -
Ka?4 8 tenperatures as a function of coating Al
| evel . Coatings were characterized by the amount of Al

Theintdpeat6@RIVER Gnayl 415 bS&stiat@d BE tHeOproduibt OF e efige aluminum
anal ysis (EMPA) techniques. This data can be used in

thwkmsm@mea@hy@atu(a)md dbft Atemnieg Yt lunianmglr | gl | cogfing For
efaﬂlgie g@ a{r%rh%c ycoC nrgess 99 3:;0 mﬁ/%{\fgﬁga%ﬁﬁivgg %ﬁ@taﬁ esltlmated

infe@ra@id ledk)\Wfi 1750 @atatl% 3. at . %, or (b) integrating the
anount of Al to a certain thickness or down to a fi xed

e Integrati on may be acconplished using a
Attlﬁ%\%gwlﬁéﬂ coatingsys L et evabpirdarioduesdiiyiadiusties ther ea

underneath an Al content vs. depth into coating curve.
level A HH HeNoaRR B RErialléhd 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 yum (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 um¥*at.% Al;

and
15



was determ ned using el ectron m croprobe depth scans

at about S5mintervals:-from the top of the coating

into the base netal and integrating the curve to the

poi nt where about 30 atomic % Al was observed in the
coating. The integrated Al level is a preferred

nmet hod to identify coating growh potential, however,

the, fopEh soxting had en azerage Ablevehef abhitcidreSsandatwonsd pat (3enmil)

BRRCROLA oo 0 LY S 850 Sl S B .
Al neasurenents: a) The single phase coating had an

Samdarhyg ¢heAntdgewel leoéls ataguillsot @lcudatadisy ﬁhb@vbkﬁdu@ﬂ-omhe (tRickness
n}lll% t hi ckness (down to about 30 at.% an
apd the g erpgeiatomic 1o dwminygyfor seticroating s desmibedoebome

t wo- phase coating had an average Al |evel of about 47

P@Waﬁﬁ&%ﬂsl?b&uéhoﬁr% 0 Fildre ™, Thé 2 LR g7 n%g?[ r%%out r%gléced <0.5x

about ~ 30 % or an ©ntegrat ed | eve
coptiang. @/@Wh den thei brse guadtlets ¢evpirsl mathe absventionalskiAtatiffasion

oBHikES B PRCHAS el She5, B et | G048 et
1Iﬁ£tdifﬁjﬁﬂ>n (Em sub@écfli@ﬁﬂ? tha? wiflcHMnb| GKsthpd IﬁQ'eﬁ‘élP)rfoﬁ aft %f the

at. % Al |l evel have an estimated "integrated | evel
Pe¥l diffsgomeentings pxceeds thab fartanyoufrtheiNAA cadingndb spdliader Bor a

SFAE 3l BE OR8PS 4P R Lo e 210

pmdialt%ngl (cMZtﬁig thivRBédsed sbdua dhdsdnee)] e lprioh IP@KP ﬂﬁﬁsﬁfn coatings
out. 1.7-3.3 mls: one coating had an average Al

P11° et o greatsh éﬁveh of averall avall eansumpuon fen (the pverlay) coatings 21.

P e gy Al s S A gt

gaeed agy pibdicevVietwenvall ioutum@ic cVeraifdh@bhaste ﬁ@héﬁ {vdrage Al

m.| t hi down to abqut 30 at.% or an
Loyl éngt oesal hP ﬁ%ﬂlgtsgra 9AKIEVIBO gnrat. % Al the third
coating had an average Al |evel of about 41 at. % and

~ Inaéﬂﬁﬂfon(sﬁbﬂ?ﬂht(c% & dﬁﬂlglontcaétﬁﬁg %?ﬁa%g%t 2460 %e?ﬂl /Xl level

t.% or an integrated |evel
(lqazyer avemage Aband lower integrated levels), below typical productlon levels of, for

example, prior PtAl diffusion coatings, may also be employed as coating 21 and
enable improved repairability compared to the conventional PtAl coatings. For
example, traditional diffusion coatings modified to comprise an integrated aluminum
level less than about 2250 pm*at.% may be employed. This integrated aluminum
level would correspond to less than about 45 at.% Al at a thickness of about 50 um,
for example. These coatings may further comprise traditional additional constituents,
such as noble metals (e.g., Pt, Rd, Pd, etc.) and/or reactive elements (e.g., Zr, Hf, Y,
etc.). As a nonlimiting example, the coatings may comprise between about 0 to 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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the fourth coating had an average Al |evel of about 38

at. % and about 84 m (3.3 ml) thickness (down to

about 30 at.% or an integrated | evel of about 3200

gnfat. % Al. Simlarly, the integrated |evels may al so

be cal cul ated by the product of the thickness and the

average atomc % al um num for each coating, as

cdmspomhmyuﬁhmme22%Muam&ﬁﬁeﬁq3&ym-aSeﬁbommﬁbﬂlfb@ukedatmﬂ

the tested N Al coatjngs 21 produced <0.5x

fo5r smeH PRd oreplee a‘é’@h WA 8ROV npRlide ¢OFl Jipethe Cubfil may

@\%ié BhdsRNélpeRbAle flofd Hphafic Fe@% il89ski11 Girgsl ﬁ{l kn

2 raSﬁn ngvvs tehat E%Ia ¥ 1evef h?: Eeée net al eRness

mlmnﬂlrrdreﬁqﬁm&nclns ( Endmstmhseqﬂﬁmsd Lcsst wall- cmmwhngayelimf coatings
i n re for. a f usi on

of st A Eusiop coaliEEsiain eployedaf gt Sbome 2P A Srhesipi gEpapp may

bs bpslicad. FcFroéxaﬁq&kQ' cﬁlatlﬁéénﬁﬁftca&fe 2R br 3Reaftd (ﬁtwg’ﬁ loss,

or 1 ntegrated I'evel of about 2000-2100 “gnrat.

whergas ¢mgoctmsmua redAppdicafsucoatings 2 hmedy, acNaetagcouslry bmlto only

e} ti.n ed a
AL 13 Rlaf Ry EhsRR o MR s RieSBirBhy &Y S g asioved
~ bddagyer &v&%r fpaﬁ;t; hﬁﬁy ady@nbd aﬂae@_ﬁﬁécyssahlyugirﬁ;qieas Otigdr ddv@ntages
Ni - based overlay coatings 21 in lﬁeneral y. produce
- inclygle Fetgipmentod maiehpriea propeviéas of thet @adua\?@lqw friffusion.
average Al levels and overall higher integrated Al
Sibﬁléﬁk?Apféﬁbaﬁ%% b Y eerdRRG! AL M@PA% c?étHgP %én?{i‘mciﬁ%é R Sbut
uring palr that are leaner in ev I"ower
madriéedige déscribad betowe mayndlsy batemj:ld)e& ek Hond hwko @] tippica twall

roduction, | evel.s of, fo ex Lior .
cq Elﬁlrlmq riog&eRaigsn Wﬂiqrswe @é‘f% r@%eai that @JS&{% godings,
wB&E M BNabLs FéTPIr &\ﬁﬂgm{tﬁﬁé kHeRddrlahd ¥r &%W’JH %%imtnale modified

convent i onal coatings. For exanp I t1onal
todindlfdesibont t@réﬂlanysAimnhaboadlﬁt -85 etdhpil] smti ﬁmknnsseg sathead less

B B R B350 A 00
at.%hfaE%@‘éﬁﬁldﬁd' eiﬁld%hﬁﬂ%s@&ﬁieﬁtlcﬂl@ wd mzfﬂzéﬁll @btadn less than about

thi ckness of about 50 pm for exanple. These coatings
1 mlyoti‘rmerdlﬁfumc@ﬁbrfosexampi@h aboun(100t4100 boads. As a nonlnmtmg

nstituents such as no
XGRR Gy os SRy 3R Ay Depliel A5 4-p eyl and nore
préfefably: beGech A6t 19124 hilg, MEVRS, belaBEuRALE RS MAY
conpri se between about 0 to about 10 atomi c percent

nobl e netal s and/ or between about 0 and about 2 atom

Preferablythe coatigs; aje applissde e shickgesppetienepeging abonki 8 mils and/or
Alg,ﬁt;eg:&geldgﬁ% bPgbout 4000 Hfn £%8Whibh cAERONERT BER 266 Al at

a thickness of about 8 mils. ‘These coatings may also include reactive elements (e.g.,
Zr, Hf, Y, etc.), strengthening elements (e.g. W, Re, Ta, etc.) and noble metals, as

known in the art. As a further nonlimiting example, between about 0-2 at.% reactive

elements, between about (-3 strengthening elements and/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 um*at.%.
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coating having an Al content of about 45 at.% and a

t hi ckness of about 50 pm 16 correspondi ng to about

2250 ntat.% or greater, is renoved froma serviced
airfoil for repair and replaced with | ower growth

bond coat 21, the airfoil may advantageously

experience nore repair cycles while still neeting

Taier fafiré-rdfbicadede MCrAlNI ¢oafhge Ouby eb@ NdppliedotisingSt@vertional
i f these | ess wall-consum ng.overlay coatin

SPRLFHEPD dothass B i get HREed ip ol Tecksiug GHYOF,
ﬁ&’St ‘VP'JS tLlﬂ%S DIPGE Sﬁi‘aotﬂ%& ﬁrcn%YCa) ot gﬁ% 43? Qapolr:ﬂ{‘o&)let deg?smon

exanpl €, prior~cdéatings may C
(wthddid s sglectmndreamsspattboni, raNk S of Applicants'
coatings 21 may advant ageously | ead to only about

0.5 m.l.to,1.m|l |  1oss i gni ficant
VEiserrBlivd g ekPesses il bavieh et a Tdhesh e s ER pployed s
bBRE Bodt @ 10@a Y ROGLHDIRE lowed IERRPSOwaPlcbfundfivARhAUSS e NiAl

i ncl ude retai nnent of nechani cal properties of the

contimge ampdoyed fosswni ot dilf f Seplorihin BIGnAll‘émo;ttmgs may not be

n hav erm ned t
ofH1P P R PREGrERES Carebiog BN HodilPr, 2Ry AR maty
tHickee HMGMXW &Satlh@sﬂ bnffdyed? In f Ombigavionaldith GRARIGNBL idfusion
duri ng repair. In particular, we have determ ned that

coatings. Y Hopswen élgese tbmé\{@rMY §ozmm,g way beepagicularly useful in later

PR PR PRl RThE e Enbbg SR P bR of th i

midgvaSvith 196 diffusian tohtig k eBgRsvalctidaton Bfesis redudred, reactive
0.as hot to dri the integrated | evels

about 8 l's, e
elpyenfs axy, a@ﬁ%fﬁtod%ﬁ%se%mﬁ?n %( % may be enpl oyed.
Under these conditions, we may still obtain |less than

AdBigBhan aHhtl.mugﬂflt isn(i&frgﬁlg ftb’i‘tb&f‘c&&m ftchh?éé?éEHbﬁf C‘groatﬁﬁilétdown

2000F hour s. a nonlirmtin exanpl e,
thbentpglewdn‘ﬂ lrmel imiuwmswbﬁmmmmlbnudles@nék@naﬂer%lomould also

mﬁrrngzg r Ef e ayn)/g b(f]l}éa %ﬁ@%&soﬁ?lg%tsgaag]? énay a(}/versely
afm@ptneqﬁe&ﬁm@alt dileGden @s,@ew}% iBafeegioRg oﬁaﬁ%taang aff¥dif, and in

and/or Al integrated |evel of about 4000 m a
thoudiskh tmwhméélmmefglls areaitieched? d{we%,/ﬂtatmaryacqmmems,

' su?lfé g&g P(IS) Veesgv@,?gﬁ tSEIOtlgs,e &%g%:bngﬁﬁ gc?r%poangﬁtg ave fUWCI' restrictions
frovh ei\gi aeinl ng el enents (e.g. W Re, Ta, et c. ) and

noble netals, as known in the art. As a further
nonlimting exarrple bet ween about 0-2 at.%reactive

Applispin thave ey deoRthy ielarEncds bk Jhemaie 9 aliegiptmiow growth
enPRMARENAVNRRBa@ARRYY i rdFhiPProcedses can achieve extended component

life by enabling less removal of airfoil wall after engine exposure. For 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 multiple 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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nobl e nmetals may be included in the coatings. These
coatings may al so be overalumnized as |ong as the
integrated Al levels are not preferably increased
above about 4000 nrat.% 17 The afore-referenced

MCr Al'Y coatings may be applied using conventiona
application nmethods including, but not limted to,
themein mady Spmeadet e thosegkidled HvQRe artARS] auP®ithitPRE, scope of the
.D-gun, shrouded are, etc.) and physical vapor/dropl et
YEREStion  (cathodic are, electron-beam sputtering,
etc.). Wien applied to thicknesses of between about
0.5-4 mls, these coatings enployed as bond coat 21
may even produce | ower |levels of wall consunption than
some Ni Al coatings enployed for bond coat 21. Such
thin MCrAl'Y coatings may not be equivalent to the
overal |l performance capability of Ni Al coatings 21 or
traditionally thicker MCrAlY coatings enployed in
conbination with traditional diffusion coatings.
However, these thin MCrAlY coating may be particularly
useful in later repair intervals because the tinme of
exposure is typically |Iower than that of the first
interval with the diffusion coating. If inproved
oxidation life is required, reactive elenents may be
added to increase oxidation life. Additionally,
although it is desirable to keep coating thicknesses
low to drive dowmn the integrated Al |evel for |ower
wal | consunption, design considerations should al so
mnimze the weight gain due to the applied coating.
Wei ght gain nmay adversely affect the mechanica
stresses-developed in all regions of the rotating
airfoils, and in the disks to which the airfoils are
attached. However, stationary, coated conponents,

such as nozzl es (vanes), shrouds, and conbustor
conponents, have fewer restrictions from weight gain.
Appl i cants have advant ageously determ ned how t he use
of alternate |ow growth environnental bond coatings
21 in repair processes can achieve extended conponent
life by enabling | ess renoval of airfoil wall after
engi ne exposure. For exanple, conventional diffusion
bond coati ngs and base superall oy interaction zones
may be
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renoved at repair and advantageously replaced with

| ower growt h environnental bond coatings 21 thereby

enabling further multiple repair of the conponents,
not ot herw se have been possible. Wile

varﬁggﬁ‘@ﬂgn‘oodi ments are described hereinit will be

appreciated fromthe specification that various

combi natA anrshef foelréqwt‘%a Q6atddPEdrsthedt. WHiR{ ﬁé{:%é@ﬁ Bxposed
18 therein may be nmade by those skilled in the art,
ando&Ng NG R A MECBREGHRIOf the invention. 19

CLAI MB: -3) brovidifg bR ‘é%fn%rruﬁ %Bﬁw‘gﬁh&q il &cﬂﬁ# & DaSOMRAREN fostrate

whi ch has been ‘exposéed I ne op

corfving 'ih?@recal) a ppoy icdeln gvr@nele rhiog hend unato(@ﬁpzsrmmted from the
'anrHl‘i’b egn sf nmetal substrate having thereon a

bond rein the bond coat (20) is selected from

the gr mhmd@umsnstunmgldefcoapmga di f fusi on al um ni de

coating i n ere S

or conbihat Qﬂgﬁj‘ tcﬁ)@& er%hg'% ¥ G glﬁjfr q{aqqngﬂgahons théreof,
t hemelof ; b) r enovi ng the bond coat (20), wherein a
portion . e hase netal substrate between 1-3 mls

in thick e%°§n IAtNS e Bfibved to create a remaining

base mebdkermoNIAg ted Bond cb@ﬂ(mﬁdwh@ﬂeﬁkﬁ%%orﬂ)f ﬂ%obé@héwﬁwetal
a l oi()\/?eﬁ%gr owt h envi ronment al bond coating (2

r ertd beleenyidAnilssipiaicknass ig alsprempyes @rpraaﬂecg/remammg

hawiasa nidialdubEi-Ste9f r&ﬂ)&b@'ﬂ‘irc!&fes§0 60 atonic percent
and selected fromthe roug consisting of i) a (3 N Al
y

al | oy cBh&PBYindga dawen grawthyesfronnerial bend cdatingn@h to the
el CAR Sy ho N B YR EYp s
content of 10-60 atomic percent and selected from the group consisting of
i} a B NiAl alloy consisting essentially of nickel and aluminum and
containing zirconium and
iy a MCrAlY alloy wherein M is nickel, cobalt, iron or combinations
“thereof and modified to include 10-50 atomic percent aluminum and being
less than 8 mils in thickness

wherein upon subsequent repair of the component, the remaining base

~metal substrate is removed in an amount less than that removed in b)
because of less environmental coating growth into the substrate than the prior
bond coat (20), thereby extending component life and increasing repairability

~ of the component.

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

remaining base metal substrate of c¢) is removed.

3. The method of claim .1, wherein the bond coat (20) of a) is a diffusion
bond coating.
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thereof and nodified to include 10-50 atom c percent
al um num and being less than 8 mls in thickness
wher ei n upon subsequent repair of the conmponent, the
renainin&%base metal substrate is renoved in an

anfunt I8 Belhpthok faim 3eerreld the epyironenialdwngfcoating (21) of

eny RANER NhRbrat &R biuRdngth MMecs 8t ntih%ogHPéﬁ%%.e t han
the prior bond coat (20), thereby extendi ng conponent

l'ife and increasi ngi repairabilit of the conponent.
2. 5The Hef RSENQst ofctlaimml awhegaigrtbicknesstof e envirawmentaticoating
| n(dick kNRSHRbIdI R poBOR & & dih t

c) (iQ rgﬂovegggs. Th%%m@h%ng?&%ﬁai m 1?'%)2'(%?%%%‘%&%“ oF
boRaua dart000 pyn"et. %e, psd dhelemvinesimental boatthgo@4) compriad a B-
4. Nz claim 3, wherein the environnental
bowﬁ?gat%ﬂg&(@é) of c¢) has an integrated al um num

| evel | ess than 2250pnrat. % AL 5. The nethod of claim

1, Bwher Bienmetiask pk slainn f2, mierain hiclorese mif dhe eosiromygental bond

2 i > ' t
o e S S PorkaTs bbBES AT eB e YRR et of s
Al thaamd eghal te 000 pimah¥%ahl. coati ng (21) conprises a (3-
Ni Al overlay coating. 6. The nethod of claim 2,

wher ei [ [ronmental bond coating
( 2?') o?\ E%Eaﬁéaggﬁ}p?gﬁg@nﬁg%g}%duce an integrated
al um nwen érging ruf cdressient hauinga besgl aletdl sud€ifle parpatiofof
Al . ' onent .compri.sing: an engine ru
A s e RS SBARIRT R0 B Aes S ona
t hepab 28 hawing| besnbstnoate thatmeanreaning basd metd) IsGKétgﬁé of
and .an erlying.bond, coat, (2 avi een re e
r oo RrRG s S rtond et a8 B et adte
t hirolp esmsstwgaffgj & diffxsion \eRInhivtidaGobems) fii?Q;thr(ﬂg‘{afb?étﬁyg where
sel ected fromt royp consisting of i) a diffusion
amﬁ'ﬁ?@ecog’alg]ﬁ’}ﬁjg‘?r rﬁq:lse.ldémm),gpm SAerRepEie Mis
iron, ;aqb@bt aroWisleAVirdHntde R4l boRB Eokiing (29 PBGHPAIHG BS alloy
t her eof ) .
t]wav?ng an aluminum content of 10-60 atomic percent and selected from the
group consisting of
i} a B NiAl alloy consisting essentially of nickel and aluminum and
containing zirconium and
i} a MCrAlY alloy where M is nickel, cobalt, iron or combinations
thereof and modified to include 10-50 atomic percent aluminum and being
less than 8 mils in thickness applied to the remaining base metal substrate
wherein upon subsequent repair of the component, the remaining base
metal substrate is removed in an amount less than that previously removed
because of less environmentall coating growth into the substrate than the prior
bond coat (20), thereby extending component life and increasing repairability
of the component.

8. The repaired component of claim 7, wherein thickness of the

environmental bond coating (21) is controlled to produce an integrated Al level
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a lower growth environnmental bond coating (21)
conprising an alloy having an al um num content of
10-60 atom c percent and selected fromthe group

consisting of i) a (3 NiA alloy consisting ‘
es s%fdﬁ%m%v ‘Ufe‘%ﬁaé (A0 SrAhang Hiriendonmania! hgnd coating
zir@@?h&ﬂbﬁﬁg;ébhmg]&gﬁﬁby all oy where Mis nickel

cobalt, iron or conbinations thereof and nodified to

i ncl ude _10-50 atom c percent alum num and being |ess
thah 8 nfiNes TERATaY anaaanenppdi &ipimo % hwheeimi thidgessasy the
et &lvirs HiehtaRt Sonth @b&l i ] f

Cor e Skl TRl (B &5 R i PRl i WiEgrated
r erdiieiuhlexal eifesmihan os squdlde 408RmatSvAlousl y r enpved
because of |ess environmental coating growh into the
subgj r atieet fRRRirkd @oRfpofEnt 5Lt 92RO thd '%ﬁ{}i?cgrléé??r{t?/f bond

ext endi ng_conponent e and I ncreasing repaira
of CtOﬁBn@g?ﬁ)oﬁéﬁtMCB%IYm@tim@paphe@dwowmknem ravge aloherseeding

7, | A_d hi: 2SS j | : .
ol RE T IS BRERIEM & 1iestl AW Bl POlstna o7 A, Fe.
| evied an@ gombinatigrs thieseof owitleGuahd YdelDOpionat. . % Al and

t he environnental bond coating (21) conprises a
(3-Ni Al coating. 9. The repaired conponent of claim?7,
wherei n thickness of the environnental bond coating
(21) is controlled to produce an integrated al um num
| evel of |ess than or equal to 4000Nnrat. %Al . 10. The
repai red conponent of claim9, wherein the
environnental bond coating (21) is an MCrAl'Y coating
applied to a thickness range not exceeding between
3-8 mils, wherein Mis selected fromthe group
consisting of Ni, Fe, Co and conbi nations thereof,
with C and Y being optional. 22
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