METHOD FOR REPAI R OF A NI CKEL- BASE SUPERALLOY ARTI CLE USI NG A THERMALLY
DENSI FI ED COATI NG This invention relates to the repair of a nickel-base
superalloy article and, nore particularly, to a repair for restoring a

di mrension of the article. BACKGROUND OF THE I NVENTION In an aircraft gas
turbine (jet) engine, air is drawn into the front of the engi ne, conpressed
by a shaft-nmounted conpressor, and m xed with fuel. The m xture is

combusted, and t MEETHSDIFORRBEPAIR OFRMNCKBL-BASE SUPESAENOYhr ough a
turbi ne nounted on the same shaft. The turbi ne includes a rotating turbine

di sk with turbine bI ades su orted on its |¥pher and a stationary
(that is, not rotadR GrAb i THER YL ENRUJEY €RATIRNENf i nes t he

conmbustion gas to row through t he annul us betvveen the turbine disk and the
shroud, and thence agai nst the turbine blades. The constrained flow of hot
conbustion gas turns the turbine by contacting an airfoil portion of the

tur bi ne bl ade, which turns the shaft and provides power to the conpressor.
The rot at iTigs tinvebiioe rb]lamdets thadepdie ofas nickelbase suptralioynticde kh@wpeta shroud
are heated to tures by the hot %orrbustl on gas. To aid themin

wi t hst andiBg! g’htoganregﬁlf rrt'ﬁfftmt“é?n%) theraticlar e typically cool ed by

fl ows of conpressed cool air that are conduct ed through their interiors and

exit at copAERGRAONSSOFMTHEBIVESYIdRCes. The hot exhaust gases flow from
the back of the engine, driving i1t and the aircraft forward. During

service, the turbine disk, the turbine blades, and the gas turbine
st ati onar yn af Bmwpﬁgﬁs tuthina (Eteamging) dir is dravodiath, thefronte:d theammglinexdodipresdecdby t he

hot conbust d mat eri al | s r ubbi ng. So f the

ot a Cor i PRt canss o mteReiR ail o heh s R SR o <hr oud
i s burned ray@ihg H o@%fﬁmaoﬁ bg lgbﬁeaﬁﬁmghgmhemo%ﬁfmﬂ%s%nmhw ’Et@t whi ch
is acceptable for econom c operation of the gas turbine engine

excur si ongyrbthgendledes austetingstutineadiskpeitle turtine blaéescsuppmedl oh #mdeériydery, midduce

rubs between he t b| ne bl ades. and the_shrqud t dig into the shroud
Consequenta1§/t K‘tahéte%t?{f“&&f.gaﬂéu@fms PYPRE, }F?l'l‘i‘?élpaéa‘foé‘ faes

bet ween t kgmbuétRin@s B AE tr&d thd'@intilus between the turbine disk and the shroud, and
thence against the turbine blades. The constrained flow of hot combustion gas turns the
turbine by contacting an airfoil portion of the turbine blade, which turns the shaft and
provides power to the compressor. The rotating turbine blades and the gas turbine
stationary flowpath shroud are heated to high temperatures by the hot combustion gas.
To aid them in withstanding the high external temperatures, they are typically cooled by
flows of compressed cool air that are conducted through their interiors and exit at cooling
holes in their surfaces. The hot exhaust gases flow from the back of the engine, driving

it and the aircraft forward,

During service, the turbine disk, the turbine blades, and the gas turbine stationary
flowpath shroud are all corroded, eroded, and oxidized by the hot combustion gas, and
material is also lost by rubbing. Some of the metal of the turbine blades and the gas
turbine stationary flowpath shroud is burned away, reducing the dimensions of the
components below that which is acceptable for economic operation of the gas turbine
engine. Rotor excursions, due to causes such as power bursts or hard landings, produce
rubs between the turbine blades and the shroud that dig into the shroud. Consequently,

with increasing periods of service, the clearance gap between the turbine blades and the
1



gas turbine stationary flowpath shroud is increased. Eventually, the
efficiency of the gas turbine suffers because hot conbustion gas | eaks

t hrough the cl earance gap between the tips of the turbine blades and the
gas turbine stationary flowpath shroud and does not performwork to turn
the turbine bl ades. Wen the gas turbine engine is overhauled, it is
conventional practice to restore the dinensions of the conponents to

Wi t hi n t hegas hobingistatibnarp floiwvpath sivedd isghekaed eBverdthalyphiy efficgriyof g gahe
efficiency of the gas turbine. In the case of the gas turbine stationary
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prepar ed grgfoharnael td trt e thibdwatdadessur f ace of the gas turbine stationary
fl owpath shroud, and the cooling holes are redrilled. This approach has
been successful for restoring the dinensions of the gas turbine stationary
fl owpat h sHPgRthe gasdurtine engige isqviersulgds K is cepvangoad mastice de reptoraghe he
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i nst ances refniag hixs efietoncpbs eievgd tarimel & ertdast o Miedgdsi taibidd sthfiéharppeni ngs
of the cooling hagles of the gas turbine f|lowpath shroud, after it is

returned tipwhagh shrewd, techpiguey we knewnita consdicihes waairagthdhersallydensified of t he
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i's reduced. repaired’gas turbrne-station ath

shroud causfnby. In'thishpproaehyh pedfbanisgrepaeidr dndbonddito SMPESMpENburkRE ¥ ce IS
consequent |y accelerated. Various alternative repair techniques for the

gas t ur bi i8¢ seatulinastptipnasyplerpatnihsens, sad sheerningriodes, arp gedrilleds &rhis
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cool i ng holfes or remat ure crac atron in

pr opagat edldwitath shieuds adat; i @infunclibe tvéth iteehaiqneefdr fforiag HenaibindBlaeedur e for
the gas turbine stationary flowdath shrouds that is satisfactory in
rest ori ng TFUENIAE Hah EpoRBDIMB He 1tt Sneridicatien: dimensians candr thenget toj ifs ohginal
pr ef er ent ie?}[icigﬁgiéjsat ion around the cooling holes and premature cracki ng of
the restoration and substrate during service. The present invention
fulfills this need, and further provides

However, in some instances there has been observed a preferential oxidation at the

openings of the cooling holes of the gas turbine flowpath shroud, after it is returned to
service. This preferential oxidation may cause the bore of the cooling holes to be
significantly reduced, so that the flow of cooling air is reduced. The damage to the
repaired gas turbine stationary flowpath shroud caused by the hot combustion gas during
the subsequent service is consequently accelerated. Various alternative repair techniques
for the gas turbine stationary flowpath shroud have been tried, but these alternatives
either result in the same preferential oxidation at the cooling holes or in premature crack

initiation in the restoration that is propagated into the substrate.

There is a need for a repair procedure for the gas turbine stationary flowpath shrouds that
is satisfactory in restoring its dimensions, but at the same time does result in the
preferential oxidation around the cooling holes and premature cracking of the restoration
and substrate during service. The present invention fulfills this need, and further provides

related advantages.



rel ated advantages. 2 SUMVARY OF THE | NVENTI ON The present invention
provides a nethod for repairing a nickel-base superalloy article that has
previ ously been in service and has its dinmensions reduced. The present
approach is wused to restore the dinmensions of the article, specifically

t he thickness dinension in the case of the gas turbine stationary flowpath
shroud, to within acceptable tolerances. The present approach is effective
to build JUMMARYBRIHBBIVENTIONes not result in a restoration, which
preferentially oxidizes at the cooling holes. The restoration is al so

resistant to premature cracking in service. The nethod uses an application
t echni que hsaresentanygafipn proviiss 2 gisthedrienTepaiving 2 pigknlibase superalloymaticle thet ent
approach i LGl . . i r t ' ted in
SBrvi et (RS BRSHES 1Bk) b 5iLdand MRES S ARIEERALEEE LB S b IRRIEL

t enper at unsed wfrestoie thedBndnkipns abihe tartBBs spécificatig thy hickhédRddymaiion ingss t han

about 1037.8C._ A nethod for repairing a nickel-base superalloy article
conpri ses A#eithemms %ﬂbl%w}%w&lo"fw& fiirewds o wibie aseqpisble folgranpes.i Ehe t hat
has previ ;.S | i . ration i.ng to a
surface ogyéﬁét F% e e%h?%g %pggﬁgﬁh%dggFﬁaoégﬁgg6@%%§OB§%Q%98%1ding a
precur sor resteration; widvh peferentimiyeoxidiads aesiéoolngWolghtTheeEkaatios iy 455 um
preferably no nore than about 12 weight percent chrom um and nost

pr ef er abl yesaH@Yto prematyss gRekipginservice e mathad uspean-applieatign teshnigbatiahg has
no nore t : . ri and_pr.ef er ab] ubstantial ly no
yttrium (?Qgeﬁ%ggblﬁ%egJf%gtﬁélg%%%&cx%&naoliirﬂep%gsgrelﬁ Bepm ﬁés é?rzlgﬁlﬁgﬁﬂls ture
conpri ses whed ¢eerepiiedd arfighelioihdhted lih @¥rvERNd thigl? Bshpefatures by the hot

| ower - el ti ng-point alloy conponent. Optionally but preferably, after the
Step of . [PPBURHHOREBRICH ST GecrREcs st s hepRieHGE2 & Graad praRratly ot

hi gher - meltJ_ng- peI | conponent and the | ower-nelting-point alloy
conmponent l%égwa?r’gg{](%?é@%‘recursor m xture is applied to the surface of
the article. Thereafter, the article with the precursor mxture applied to
t he surf acdemetipdeod repsiring anttellbusa sepekdliosiagidie Yorhpries tHREAPE af povidigy mel t

the lower-neltij ngr; poi nt all oy conponent, thereby formng the restoration
coating orthg pickel-base superalloy article that has previously béen in service, and applying a

restoration coating to a surface of the article. The restoration coating is applied by

providing a precursor mixture having no more than about 15 weight percent chromium,
preferably no more than about 12 weight percent chromium, and most preferably about
10 weight percent chromium. The restoration coating has no more than about 0.01
percent yttrium, and preferably substantially no yttrium (i.e., no more than about 0,001
percent). The precursor mixture comprises a higher-melting-point alloy component, and
a lower-melting-point alloy component. Optionally but preferably, after the step of
providing and before the step of applying, a preform of the higher-melting-point alloy
component and the lower-melting-point alloy component is formed. The precursor
mixture is applied to the surface of the article. Thereafter, the article with the precursor
mixture applied to the surface thereof is heated to a sufficiently high temperature to melt
the lower-melting-point alloy component, thereby forming the restoration coating on the
surface of the article. Preferably after the step of applying is fully completed, the article

is returned to service.

The nickel-base superalloy article is preferably a gas turbine stationary flowpath shroud



surface of the article. Preferably after the step of applying is fully
conpleted, the article is returned to service. The nickel -base superall oy
article is preferably a gas turbine stationary flowpath shroud 3 as the
article. Typically, the gas turbine stationary flowpath shroud has fl owpath
cooling holes therein as the article. In that case, the cooling holes are
red-rifled after the step of heating. In a preferred enbodi nent, the

ni ckel - basg thegaticleatrisitals] he gaofurtiResthtsibny vt geaid Mg lddpathdobtg noni nal
conposition in weight percent of about 7.5 percent cobalt, about 7.0

per cent cHodasithereings dag articls. fethetense.tbe gondinginelesaboredriBedafier dig stemafst en,
about 3 Hl%rﬁll?é]t rheni um about 6.5 percent tantalum about 6.2 percent
al um num SBout 0. 15 percent hafnium about 0.05 percent carbon, about
0. 004 percent boron, about 0.01 percent yttrium balance nickel and

i mpur i ti edn agaderirdl dnibodiri@n ahé Sickelbasd@btoREsE allGTeledebOdatiod Béating has
hi gher-nel ting-point alloy conponent has a nom nal conposition in weight
percent of2 Bgdminal jcogmosidien ie ovrght, pestsatiof Ab@itped mersentcenbeli ahqut ddbut 0. 1

per cont g iepy R LR delpaP R BbL PR nBiT et cont

silicon, gheaitht hedfin)@be@rd.s Bé@eﬁtammnn@faawt 6/2 BerReritGRithindinl Ab&i M, ] About
0. 15 percent hafnium about 0.02 percent carbonh, bal ance nickel and

i mpuri ti ePergept hafbivaarabpat MO areresit carhen,hahghit .04 | nergent perion: abaait 10634

conponent ) m_nal MRosiiion.in L ght .pergent of.0.01-0.03 percent
carbon. "0 PEREaf A o e PR, R sl Bed Ghe L RS e it Bk el
percent nNaxhéEdy. PITRS RpBEUS 1tz Hotht RE6E @BkpsBAk KT Siniddl corfipdsitferBinder cent
chromum 2.9-3.3 percent cobalt, 0.01 percent maxi mum nol ybdenum 3.7-4.0

per cent t urRight @arces of 2lBub 3  eretsenttcobalh wbeutt (1) pedcedpehpemitian abowi i Imerend t ani um
AT M T T R ¥ T N R
percent Maitardiud) ghdut Adsuparcdht Herdurd SaliRl 0SBt pddddnP kilidbn, Cabbu § 4§ YREcentTBXI MUM
ni obium 0.1 percent maximum vanadi um 0.1 percent naxi num copper,

per cent ndxitalum, Pban 7. OpoeRs aperisens aboukd. i perearfriediium alguo 0.08 @errent

mexi mm carbon, balance nickel and impurities. In another formulation, the higher-melting-point
alloy component has a nominal composition in weight percent of 0.01-0.03 percent
carbon, 0.1 percent maximum manganese, 0.5-0.6 percent silicon, 0.01 percent maximum
phosphorus, 0.004 percent maximum sulfur, 7.4-7.8 percent chromium, 2.9-3.3 percent
cobalt, 0.01 percent maximum molybdenum, 3.7-4.0 percent tungsten, 5.3-5.6 percent
tantalum, 0.02 percent maximum titanium, 7.6-8.0 percent aluminum, 1.5-1.8 percent
rhenium, 0.005 percent maximum selenium, 0.3 percent maximum platinum, 0.01-0.02
percent boron, 0.03 percent maximum zirconium, 0.12-0.18 percent hafhium, 0.1 percent
maximum niobium, 0.1 percent maximum vanadium, 0.1 percent maximum copper, 0.2
percent maximum iron, 0.0035 percent maximum magnesium, 0.01 percent maximum
oxygen, 0.01 percent maximum nitrogen, balance nickel with other elements 0.5 percent
maximum. The lower-melting-point alloy component has a nominal composition in
weight percent of 14.0-16.0 percent cobalt, 19.0-21.0 percent chromium, 4.5-5.5 percent
aluminum, 0.05 maximum carbon, 7.7-8.1 percent silicon, 0.5 maximum percent iron, 0.1

maximum percent magnesium, balance nickel and impurities. The alloy components are

preferably provided in a ratio of about 79 percent by weight of the higher-melting-point



oxygen, 0.01 percent maxi num nitrogen, bal ance nickel with other elenents
0.5 percent nmaxi mum The |ower-nelting-point alloy conponent has a nom nal
conposition in weight percent of 14.0-16.0 percent cobalt, 19.0-2 1.0
percent chromum 4.5-5.5 percent alum num O0.05 maximum carbon, 7.7-8.1
percent silicon, 0.5 maxi num percent iron, 0.1 maxinmum percent magnesi um
bal ance nickel and inpurities. The alloy conponents are preferably

provi ded iadlog domipodest§ toablodiit 719 ppeemerf vightesfithe Bivet-Rftlting-point alloy

hi gher-nel ti ng-point 4 alloy conponent to about 21 percent by wei ght of the
| ower - mel tSORPOPHIInt al l oy conponent. The restoration alloy that forns the
restoration coating may be a ni ckel -base superall oy conposition different
fromt hat ' - r I var,.the restoration
oy ia. e edaflof 80y BEFRniy B B0 oF kit oy AR Blop b Sgleiie?

rest or at i aompakitioy diff@entnbmbiiatheRthe trigla@l-Beket Mippralleyl i PR Wkt Ehe
preci pitates. The purpose of the restoration coating is to restore
di mensi ondestprgtion allepmisinoy negsseriby ¢ aiskelrbase generalloyaodgif it is+ theegstatationn.  The
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appl i ed i nedtamager coutingiatd @Etord diimeksieas ast pﬁlhailgtt@grcﬁzﬁddmh'gtﬂchltﬂb rably
is perforned at a tenperature of from about 1232.2C to about 1287.8C, and

for a timdt®RY 8 Sp-east about 20 minutes, nost preferably to about 1257.2C
to about 1273.9C for about 2 hours. The restoration coating is resistant to
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of the restoration coating. O her features and advantages of the present

i nvent i on tCkmesgRs. apparent fromthe followi ng nore detailed description of
the preferred enbodi nent, taken in conjunction wth the acconpanyi ng

draw ngs, "I"lﬁisféﬁ cjflhlelﬂzﬁ{gr ;ﬁ'EFerabW is‘ﬁ@?@oﬁﬂecﬁﬁ%%ﬁeraﬁpeeoﬁ&ﬂ %&ltei§3?.§"c to

about 1287.8°C, and for a time of at least about 20 minutes, most preferably to about
1257.2°C to about 1273.9°C for about 2 hours.

The restoration coating is resistant to oxidation, and in particular is resistant to
preferential oxidation around the cooling holes. The low chromium and yttrium levels
aid in reducing such oxidation, yet do not reduce the oxidation and corrosion performance

of the restoration coating.

Other features and advantages of the present invention will be apparent from the
following more detailed description of the preferred embodiment, taken in conjunction
with the accompanying drawings, which illustrate, by way of example, the principles of
the invention. The scope of the invention is not, however, limited to this preferred

embodiment.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block flow diagram of a preferred approach for practicing an embodiment

of the method of the invention;



the invention. The scope of the invention is not, however, limted to this
preferred enbodinent. BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is a

bl ock fl ow di agram of a preferred approach for practicing an enbodi nent of
the method of the invention; 5 Figure 2 is a fragnentary schematic front

el evational view of a portion of a gas turbine; and Figure 3 is a
cross-sectional view along line 3-3 of Figure 2 of a gas turbine stationary

fl owpat h skigoed s e SREkkeNtapMhéhatid Rbtlelntidril it gietidt StiLsasii®ifce 4 1s a
perspective view of a segnent of the gas turbine stationary Tl owpat

shroud; FMure 5 is a bottomview of the gas turbine stationary flowpath
shroud; Figure 6 is a front view of the gas turbine stationary flowpath
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DETAI LED DES@GRIIPIHEMN §dsenhblly ahiVEhTThEM: ol :Oursndbldési cts in bl ock di agram
forma preferred enbodi nent of a nmethod for repairing a nickel-base

superal l oy_article. In practicing the nmethod, the nickel-base superall oy
article tHHEUE4dS pPETREHYS Viewod A seamenbplthe gas wrhineosatigaary flovagthzbrouthe
present approach is applicable to any operable article. Figures 2-7 depict

th s -0 ' : d article,
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depiction of the relevant portions of a gas turbine 40, illustrating only
t he conporfagyrs 6af aifreheviestaf tHhgasgarbitelstdioneryAbvipath stdesd;ant ur bi ne di sk 42
that is fixed to and rotates with a center shaft 44. A plurality of turbine

bl ades 46 _.extend radial | utwardly froma_periphery 48 qf the turbine
i ok a2 AT G br et ssheAar S0k USRS 08 DU PG UANEY 1| ke

structure Adiyym §Rotd@urddp At A& tHARI fbeess.t e shaft 44, and the turbine
bl ades 46 rotate. 9I'he gaﬂsgturbi ne stpat?egﬁary fl owpath shroud 50 is terned

"stationary" and does not rotate as the turbine disk 42, the shaft 44, and
t he DETAILED DESCRIPTION OF THE INVENTION

Figure 1 depicts in block diagram form a preferred embodiment of a method for repairing
a nickel-base superalloy article. In practicing the method, the nickel-base superalloy
article that has previously been in service is provided, step 20. The present approach is
applicable to any operable article. Figures 2-7 depict the use of the method in relation
to a presently preferred article, a gas turbine stationary flowpath shroud.

Figure 2 presents a simplified depiction of the relevant portions of a gas turbine 40,
illustrating only the components of interest. The gas turbine 40 includes a turbine disk
42 that is fixed to and rotates with a center shaft 44, A plurality of turbine blades 46
extend radially outwardly from a periphery 48 of the turbine disk 42. A gas turbine
stationary flowpath shroud 50 forms a tunnel-like structure in which the turbine disk 42,
the shaft 44, and the turbine blades 46 rotate. The gas turbine stationary flowpath shroud
50 is termed “stationary” and does not rotate as the turbine disk 42, the shaft 44, and the
turbine blades 46 rotate. The stationary gas turbine stationary flowpath shroud 50 is to
be distinguished from the rotating shrouds that are found near the tips of some types of
gas turbine blades. The gas turbine stationary flowpath shroud 50 is formed by a series
of curved stationary shroud segments 52 that together define the cylindrical gas turbine



turbi ne blades 46 rotate. The stationary gas turbine stationary flowpath
shroud 50 is to be distinguished fromthe rotating shrouds that are found
near the tips of sonme types of gas turbine blades. The gas turbine
stationary flowpath shroud 50 is forned by a series of curved stationary
shroud segnents 52 that together define the cylindrical gas turbine 6
stationary flowpath shroud 50. A conbustion gas flow 54 flowing fromthe

combust or sstatioRsty fiRQA shedud 408 Aasmbuktioh Res 8HEI5ALIWENPRRERSIESbRor§ © t he

pl ane of the draw n? of Figure 2. Figure 3 illustrates the gas turbine

st at i onar ynpt Shapa) i mgﬁadmgmmm pefpendigular & therpdang ofghe diawisggfrent s 52
in greater..detail. Each stationary shroud segnent 52 is supported on a

shr oud haan%?re?tructure 56. The gas turbine stationary flowpath shroud 50
and the stationary shroud segnent 52 have a flowpath surface 58 that faces
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operation of the gas turbine 40, it is inportant that the separation of
t he fl owpahirpud segraens ERingrepteristaili Fagipstatienamedhroudesegoeatildnsuwpgded @G, be
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of material. The value of CG therefore increases over tine, until it
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t he gas turbine One technique for increasing the tenperature at which
t he turbi rerfaéealfeantighe i 60laee eraded, corrbdade ant ertidizadiby thel lohpembustiongas 50 rmay
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holes 64 in the flowpath surface 58. The nunber and pattern of the cooling
hol es 64 ithe cembustioatgas iy 54 hgalie detregnahe flopath wefer 6@ of tle gaduiade t he

desired capling. .Fi es.4-6. jllustrate one approach to the posi.t.i oni ng of
t he cool i ﬁgo“ﬂ’é‘ﬁ’e%‘f%%%ﬁnﬂﬁ‘}eélpfdd é?)ﬁ’@E e £p1g StIOB F,tjgas oes not contact the furbine g

blade 46 and impart energy to it. The result is the loss of efficiency of the gas turbine 40,

One technique for increasing the temperature at which the turbine blade 46 and the gas
turbine stationary flowpath shroud 50 may operate is to pass a flow of a cooling gas,
typically air, through their interiors. The stationary shroud segment 52 therefore has
interior cooling channels 62 through which the cooling gas passes to emerge at cooling
holes 64 in the flowpath surface 58. The number and pattern of the cooling holes 64 in
the stationary shroud segment 52 is selected to provide the desired cooling. Figures 4-6
illustrate one approach to the positioning of the cooling holes 64. Figure 4 depicts from
the side opposite the flowpath surface 58 the entrance end 70 of the cooling channels 62,
while Figures 5-6 illustrate a pattern of the cooling holes 64 from bottom (Figure 5) and
front elevational (Figure 6) views. (The turbine blade 46 also has internal cooling
channels 66 with cooling holes 68, but the present embodiment is concerned only with

the stationary shroud segment 52 and not the turbine blades 42.)

The article such as the gas turbine stationary flowpath shroud 50 is most preferably made



the side opposite the flowath surface 58 the entrance end 70 of the
cooling channels 62, while Figures 5-6 illustrate a pattern of the cooling
hol es 64 frombottom (Figure 5) and front elevational (Figure 6) views.
(The turbine blade 46 al so has internal cooling channels 66 with cooling
hol es 68, but the present enbodinment is concerned only with the stationary
shroud segnent 52 and not the turbine blades 42.) The article such as the
gas tur bi ref agticitel-bagr syipéra iy adhusddretsn 30idkel-bas? meaed BandE Yompekitioh of a

ni ckel - base superalloy. As used herein, "nickel-base" neans that the
conposi t i gies Mg nigkekdrssesk Blannzg o&ier etament. afbe sickelrbase svpemlloyyiee of a
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Tel edyne I ndustries of Los Angeles, California, having a nom nal

conposi ti of hakedyne legvstrise of dos AvigelesoGeliferiga,deavingna newinal comppsition n 0

ercent c i ercen | nu bout 5 per t tupgsten,
bout '3 perSlsReninR dhat 720 oBREQ g B o P sl et o

al um num M&9bdendm] ALHE £ PBiceitAunbdieh, BHGUS pBrceRt MOAIRLT)taboktas . GRrceabOUL

0. 004 percent boron, about 0.01 percent yttrium bal ance nickel and

i npuriti edantgige, abeytél Lperernt alvasnyneatiovti8I1§ porsert Hafnives gbasé 0i0F psresahed to
renove dirt . oxidati nd rr.osi Qn ucts, .and ot her forei tter
resul ting CFIFbc? £ ﬁ%utpdﬁ?%fp%rg?r@i CeoMsd QBPQ%. H"Wéém 8%88% r]?a{ainge B}C«lggf;f’g(ﬁl y

acconpl i shgghufded. | uori de ion cleaning. A restoration coating is applied to
a surface, here the flowpath surface 58, of the article, here the

stationary shroud segnent_SZ, step 22. The application step 22 first
i ncl udes Tdeciidle et hasprevigpsp beert Jatsgrvice is ckggnghito remeve dist exiglationardat i ng

has no nor wel ah ercent ..chr.om .or ef er abl o) re than
npout 15" ErbiBR pRAGHL and BrFlotlin RZEETMHR R HEpbY SLBLARY ST OTHE!
percent chilemingts profeabloatamnailisbed b fasddididion @keaiagnor e t han about 0. 01

percent yttrium and preferably substantially no yttrium(i.e., no nore
t han about 0.001 percent). If larger anpunts of chromumand yttriumare

present i rf>f9sEOTRtEOI GoatRS i§8PRkREk tP BFuriaess herg sheothowpatl: syrface BB oofitherersiald, 0. 07
here the stationary shroud segment 52, step 22. The application step 22 first includes

providing a precursor mixture, step 24. The restoration coating has no more than about
15 weight percent chromium, preferably no more than about 12 weight percent
chromium, and most preferably about 10 weight percent chromium. The restoration
coating has no more than about 0.01 percent ytirium, and preferably substantially no
yttrium (i.e., no more than about 0.001 percent). If larger amounts of chromium and
yttrium are present in the restoration coating, such as 20 percent chromium and 0.07
percent yttrium, the restoration coating is operable, but there is a tendency for oxidation
within the shroud cooling holes 64 that gradually plugs the cooling holes 64 and reduces
the cooling air flow through them.

Thus, an article comprises a nickel-base superalloy article that has previously been in
service, and a restoration coating precursor mixture applied to a surface of the article.

The precursor mixture has no more than about 15 weight percent chromium and no more
than about 0.01 percent yttrium. The precursor mixture comprises a higher-melting-point

alloy component, and a lower-melting-point alloy component.



percent yttrium the restoration coating is operable, but there is a

tendency for oxidation wthin the shroud cooling holes 64 that gradually

pl ugs the cooling holes 64 and reduces the cooling air flow through them

Thus, an article conprises a nickel-base superalloy article that has

previously been in service, and a restoration coating precursor mxture

applied to a surface of the article. The precursor m xture has no nore

t han aboutinkprefeirghtmbpediment, thereooiation amlingﬁs Mﬁdeeof:h:aanraﬁbﬁ uno)ohz%llgioer cent
ttrium The precursor mxture conprises a higher-nelting-point alloy

Zorrponent & Beraingl equRasiticm) in; Wejehdorereenh pf é‘gp%daﬁoﬁ‘é?ﬁﬂi chropium, phaat 8¢ ed

enbodi nent t t- I j ratj I avi ng

o o nal TosnCeeh B0 A LB CRphu e BBHY S BRORKE MR 1S el T

about 5. 6 rhadungaboutRbabicent al@sten, Abdutiel p&tdnt Bafuith) dbaut alQekcedt sBlidear cent

tantalum about 1.3 percent rhenium about 3.1 percent tungsten, about 0.1

per cent havhstasHallymeuttrinm balapesareked pnd woppritiesubst antial |y no yttrium

bal ance nickel and inpurities. The precursor mxture for this preferred

enbodi mentay ] { ' - i.Ag- pOI Nt - 2 a

| ower - el th“lrﬂn -’i@)%‘.% r?%( ng‘( oyﬁ(k: gﬁn%%rﬁggr?{ea e@%gggﬁ%ﬁ&g agﬂxg%f achggp rfggglgég{rl\? 's(ggte

prepared stipgrangionentarddt Hdowai-melingq@@ithalloyt corfipdi@nt. heThpse oS elloy

m xture. The preferred higher-nelting-point alloy conmponent has a nom nal

conposi t i GIYMPCRERER REHRTepREE émar%fﬂsfaﬁ&ﬁwa.r&lxs@ tegsther o ke thapregerser 6

ercent c ] . 18 OB . +82 percent
!to ungst en, %%?%h%%g%gﬁgg er%néa@? %%ﬂﬁﬁlo%%ﬁ]%%gg%{% %@ﬁ%@&l@%ﬁ % heni um
about 0. 55npaigiepercehl 6fCabiont A Gitkceht ddbaltpeici@ M6 pertdnd chidmiaRobouf 08 per cent

al um num about 0. 15 percent hafnium about 0.02 percent carbon, bal ance
ni ckel andereeptimaieem melybderer akayhoud rdstcent hwgpiens aque .02 percent

peroont o " RARCYAy, ks TUSRRRERL idfont BATE pEGMER ARl O

0.5-0. 6 perepent tagtalungedout07.9 percpttrabigninun| ¥bati O 13HRsRROk4fHiund) 2664 opEr cent
maxi mum sul fur, 7.4-7.8 percent chromum 2.9-3.3 percent cobalt, 0.01

per cent meREFIFNEaTRITY hakRempickeland impyeteenin anothey smbadingng-tBe profereknt
tantal um thl%?—n&%&g@ﬁ'&m{@igy%mp%hérﬁrﬂay g]nogﬁn%l %Or%pgseftrigneﬂltweigllt percent of

0.01-0.03 percent carbon, 0.1 percent maximum manganese, 0.5-0.6 percent silicon, 0.01

percent maximum phosphorus, 0.004 percent maximum sulfur, 7.4-7.8 percent
¢hromium, 2.9-3.3 percent cobalt, 0.01 percent maximum molybdenum, 3.7-4.0 percent
tungsten, 5.3-5.6 percent tantalum, 0.02 percent maximum titanium, 7.6-8.0 percent
aluminum, 1.5-1.8 percent thenium, 0.005 percent maximum selenium, 0.3 percent
maximum platinum, 0.01-0.02 percent boron, 0.03 percent maximum zirconium, 0.12-
0.18 percent hafhium, 0.1 percent maximum niobium, 0.1 percent maximum vanadium,
0.1 percent maximum copper, 0.2 percent maximum iron, 0.0035 percent maximum
magnesium, 0.01 percent maximum oxygen, 0.01 percent maximum nitrogen, balance
nickel with other elements 0.5 percent maximum. The lower-melting-point alloy
component has a nominal composition in weight percent of 14.0-16.0 percent cobalt,
19.0-21.0 percent chromium, 4.5-5.5 percent aluminum, 0.05 maximum carbon, 7.7-8.1
percent silicon, 0.5 maximum percent iron, 0.1 maximum percent magnesium, balance

nickel and impurities.

The two alloy components are mixed together in an appropriate proportion to form the
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alum num 1.5-1.8 percent rhenium 0.005 percent maxi num selenium 0.3
percent maxi mum plati num 0.01-0.02 percent boron, 0.03 percent maxi num
zirconium 0.12- 0.18 percent hafnium 0.1 percent naxi mum ni obium 0.1
percent maxi mum vanadi um 0.1 percent maxi num copper, 0.2 percent maxi mum
iron, 0.0035 percent maxi num nmagnesium 0.01 percent maxi num oxygen, 0.01
percent maxi mum nitrogen, balance nickel with other elenents 0.5 percent

maxi mum Trecursonetixtor th B grefaiedtendiodiyent, O88r Hhiafir@hRATRAGDS ARTPOSI ti on
in weight percent of 14.0-16.0 percent cobalt, 19.0-21.0 percent chrom um
4.5-5.5 pePdstentpiwrigial te lighempalinapantablen companest tp abpet2denercest by con,

and i mpur 1 (0B of FRdobaRelify hoME AT BN BB Brod R HRTR Bl oFRBG i =

appropr i atef thy @pofdtiofRodtihgl orm the 9 precursor mxture. In a preferred
enbodi ment, the precursor mxture has a ratio of about 79 percent by
wei ght of the higher-nelting-point alloy copponent to about 21 percent by
wei ght of AhgoasEigwiet ), ageyeration gpatag Toriaaptoration giskeinbase nﬁom%f erred

conposi ti e t | i n. Figure.’7 .
r eg{) o?lat: gﬁerg%getr %ﬁ@le‘%&%}% ’ﬁg%&é‘g'?%%iar?g) gﬁd%ﬁ} %‘E%\ﬁgggg 3 n@éllyge&ﬂ%eedr eafter
applied, sben@2@DCPcatipg graceai Thed TOGRRbEEsS W 4 REEwvT fechiiqae fd}%E@liﬂgy

nown

densified coating (TDC) coating process. The TDC process is a
t echni que M&elligglepgsitigin’ etberacqntexty eyspSpr sxamplotWdr Patsat 8,504,828 cwhpes

exanpl e U.§ S I.Sscl gs IS incerporated. b

ref erence. ﬁ%ﬁ%ﬁ%&%@w ?’%ﬁﬁ[‘r@@%é ?so, p%{f% gn %}eéﬁgﬁ: PREFE ﬁa BI%SE'W?‘“&§1 oy
conponent pafifl alléiecdnpaBent AR tHeNGrv@héltin@hbiahalb9EpRPeint At Prafémblonakdy m xed
together and pressed to forma preform Alternatively, t

e
hi gher - meltegaHigr saf pressed toyiorm erpelpant Adiemnativelyl thedrighesimeliieg-peinhallest | oy

conponent Ly | ied t the surface.74, as Jn a.succession
of two-or beRs SERMALEeY AR BB oy kORRPI g ph SepRghenBifL e
restorati ahe s@#ice T, ARYN ResuagRbibs bfitvoadtymeRElaHkk,Sint th Ca:@ﬁﬁﬁaﬁaiecwéiﬁﬁi _
returns the dinmensions of the article to the desired values, but It is

pr ef er abl Presiiensd The regotatipe kpdting o8y be applied duany op@eble shighanss tOthaeo

inches.  enims the dimensions of the article to the desired values, but it is preferably applied in

a thickness of from about 0.100 to about 0.160 inches.

The stationary shroud segment 52 with the coating 72 applied to the pre-repair flowpath
surface 74 is thereafter heated to a sufficiently high temperature to melt the lower-
melting-point alloy component, step 28. Preferably, the stationary shroud segment and
the applied coating 72 are heated to a temperature of from about 1232.2°C to about
1287.8°C for at least about 20 minutes, most preferably to about 1257.2°C to about
1273.9°C for about 2 hours. The exposed surface of the coating 72 is the new, repaired
flowpath surface 58.

The application process 22 typically overcoats the visible cooling holes with the coating
72. 1t is therefore necessary to redrill the cooling holes, step 30. The redrilling step 30,
like the originally drilling of the cooling channels 62, is preferably performed by laser
driiling.

Optionally, an environmental coating may be applied to protect portions of the article.

The environmental coating is typically a diffusion aluminide applied by vapor phase
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The stationary shroud segnment 52 with the coating 72 applied to the
pre-repair flowath surface 74 is thereafter heated to a sufficiently high
tenperature to nelt the lower- nelting-point alloy conponent, step 28.
Preferably, the stationary shroud segnent and the applied coating 72 are
heated to a tenperature of from about 1232.2C to about 1287.8C for at

| east about 20 mi nutes, nost preferably to about 1257.2C to about 1273.9C
for about aZurhﬁlliﬁiﬁ% (thg,ezx paees movhianethelart. NAnGRIriAD of the SnildBmBEW
repaired flowpath surface 58. The application process 22 typically

over coat s QoRdng thet genesispen thegilorpatk swifade IBhis inied @way Priof to the initiel ef or e

necessary 0t%mrﬁelqroi He the cooling holes, step 30. The redrilling step 30,
| i ke the orfi’ginal Fy RERN ng of the cooling channels 62, is preferably
perfornmed by laser drilling. Optionally, an environnental coating may be

appl i ed t oAferohiegiplipaiohisep2ahd rdiRilnd itg) T are THApRRY iheQEyIR0Y aHicROMH Ng 1 S
typically a diffusion alum nide applied by vapor phase 10 al um niding
(VPA), a prdewddimensignsiinrefuiaediorservagsy sisppBei on of the environnent al
coating that deposits on the flowpath surface 58 is machi ned away prior to
the initi at.l i ter the a i ion st 22, and
rodri 111 ngtte e abhR Rl kph RBRRT: pAd It AR RO ulPuRE

di mensi onsbbse.r eligh-padsire-nsbing ttionatyeshradd sdpntenly 66 fiel profle@aabsthids been
reduced to practice using the preferred approach discussed above.

Hi gh- pr esdu#tedal v s seatsd tithotha pyefemedirgtosaitpretoating magerial pTae epating Bbst r at e
mat eri al ] e ef ekrr estorati,gn¢coatin terial. The
coat i ng 720055 3B Lo aFEb T BREiGe hEThB SR 2P TR BN PR ZRAERIRY ot ep
28. The copdll Mghd 2dffald oTeke cmhghms,tg@@ 3@drilling of the cooling holes,
step 30. The coating material nust be resistant to oxidation and corrosion
damage, and these two_ properties were evaluated using uncoated and coated

Rene(r) Nolhgseatinganaterialamst bejrasitant foeoxigation apd epregsi geiiand Lﬂ%@ﬁ”‘hb?veh
menert  SPEST HETS 7 : WA & &P e | t
Lo o PR AR bR ShA S0 RO\ AL, o ne

preferred erra
the preferred approach discussed above. For the oxidation-resistance determination,

individual pin samples of the preferred substrate material were (1) coated with a prior
TDC restoration coating material having a nominal composition in weight percent of
about 20.0 percent chromium, about 15.0 percent cobalt, about 7.8 percent aluminum,
about 2.5 percent silicon, about 0.07 percent yttrium, balance nickel and impurities, and
(2) coated with the TDC preferred coating discussed above. The samples were subjected
to cyclic oxidation at 1135°C maximum temperature with Mach 0.5 combustion gas
velocity, and a heating cycle of a rapid heat, 5 minutes at temperature, and a rapid cool
for 2000 cycles. The samples had substantially the same oxidation performance in terms

of pin diameter reduction.

In the accelerated corrosion testing, individual samples of the same types as used in the
oxidation testing were prepared, and uncoated pin samples were also prepared as a
baseline. The pin samples were exposed at 926.7°C for 10 minutes to Mach 0.5 flowing
combustion gas, then exposed to 5.4 cubic centimeters per minute of salt solution added
to the Mach 0.5 flowing combustion gas, then heated to 1135°C for 5 minutes, and then
rapidly cooled. Each sample was given 200 cycles of this type. The pins were sectioned

and inspected metallographically. The effective diameter loss in centimeters was 0.0383
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TDC restoration coating material having a nom nal conposition in weight
percent of about 20.0 percent chrom um about 15.0 percent cobalt, about
7.8 percent alumnum about 2.5 percent silicon, about 0.07 percent
yttrium bal ance nickel and inpurities, and (2) coated with the TDC
preferred coating di scussed above. The sanples were subjected to cyclic
oxi dation at 1135C maxi numtenperature with Mach 0.5 conbusti on gas

vel ocity, centimetelsefai thegpesnnbss mépaaed bypihd phesait, approath) W (583 abntimeaps fat ur e,
and a rapid cool for 2000 cycles. The sanples had substantially the sanme
oxi dat i on thesmesimep eeatedwitl tigpriopDf; oeating Aed @109 emtimetesnior the ungeated

| eI eftiegrionf Db |
EROS G Tt e R G LR I S

prepared grrfarmfirgel i ne. The pin sanples were exposed at 926. 7C for 10
mnutes to Mach 0.5 flow ng conbustion gas, then exposed to 5.4 cubic
centineters per, mnute of salf solution added. to the Mach 0.5 fl ow ng

conbust i orf\ifieuigh anpatistdas eabadimentagiche gnventign hae dsen dergribekin detapifer y
led. E : . Qi : j j .
cect | onea PpB R Butiiol UABLCHBARL R ol chifuBohtREmal BE nBlaBBMELE,

cent i met erdepavéiag GoftBth8 Ipitit asd pdopsel desnf@itiohh A cemdtighg ke PrempnEd nby t he
present approach, 0.0683 centinmeters for the specinens coated with the
pri or TDCte8alinpgd exerpt 8s Rotheappendséclaimgs.f or t he uncoated specinens. The
present approach yielded significantly inproved hot-salt corrosion
performance. Although a particul ar enbodi nent of the invention has been
described in detail for purposes of illustration, various nodifications
and enhancenents maybe nade without departing fromthe spirit and scope of
the invention. Accordingly, the invention is not to be limted except as
by the appended clains. 12 CLAIMS 1. A nethod for repairing a nickel -base
superal loy article conprising the steps of providing the nickel-base
superal loy article that has previously been in service; and
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applying a restoration to a surface of ‘the article by the steps of
providing a restoration nickel-base alloy, thereafter applying a
restoration coating of the restoration nickel-base alloy to the surface of
the article by a hyper-velocity oxyfuel netal spray process or a

| ow pressure plasma spray process, and thereafter heating the article with
the restoration coating applied to the surface thereof to a sufficiently
hi gh tenperature to diffusion bond the restoration coating to the surface
of the article. 2. The nethod of claim 1, wherein the step of providing

t he nlckeuygg superalloy article includes the step of providing the
article ha @ﬁﬁ nom nal conposition in weight percent of about 7.5 percent
cobalt, about 7.0 percent chrom um about 1.5 percent nolybdenum about 5
percent tungsten, about 3 percent rhenium about 6.5 percent tantalum
about 6.2 percent alum num about 0.15 percent hafnium about 0.05 percent
carbon, about 0.004 percent boron, about 0.01 percent yttrium bal ance

ni ckel andl-i mpub imathkes fogrepginagmeaticksirbage superalioy artinkeapniphisingshesstens off
providing the restoration nickel-base aIon i ncludes the step of providing
t he restor II hav. nmore than about 15
porcent P HEReAhE ke AR pel ity MR e PR S el Y i 4,
nmet hod of claim 1, wherein the step of prOV|d|ng the restoration

ni ckel - baspplydng Opesiorstionde s stfscesifele aticloby\theliteg dfhe restoration

ni ckel -base all oy having no nore than about 12 wei ght percent chrom um and
no nore than agpbout 0.01 percent yttriumb5. The nethod of claim1l, wherein
the step d?oﬁﬁﬁﬁﬁﬁﬁﬁeﬁﬁﬁ%nF%%k@ﬁéﬁn@hﬂﬁm@i@F base alloy includes the step
of providing the restoration nickel-base alloy having a nom nal conposition

in wei ght Sgﬁﬁlfgeg}es@rat%%ﬁtﬁg 3 BRTERSiGP BRKL1-bRL My th e REEEEE yRr oM um

ght
4. The

about
amcle by a hyper-velocity oxyfuel metal spray process or a low-pressure plasma spray

process, and thereafter

heating the article with the restoration coating applied to the surface thereof to a
sufficiently high temperature to diffusion bond the restoration coating to the surface of

the article,

2. The method of claim 1, wherein the step of providing the nickel-base superalloy
article includes the step of

providing the article having a nominal composition in weight percent of about 7.5 percent
cobalt, about 7.0 percent chromium, about 1.5 percent molybdenum, about 5 percent
tungsten, about 3 percent rhenium, about 6.5 percent tantalum, about 6.2 percent
aluminum, about 0.15 percent hafnium, about 0.05 percent carbon, about 0.004 percent

boron, about 0.01 percent yttrium, balance nickel and impurities.

3. The method of claim 1, wherein the step of providing the restoration nickel-base

alloy includes the step of

providing the restoration nickel-base alloy having no more than about 15 weight percent

chromium and no more than about 0.01 percent yttrium
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maxi mum nol ybdenum about 3. 85 percent tungsten, about 0.02 percent nmaxi mum
titanium about 1.65 percent rhenium about 0.55 percent silicon, about
5.45 percent tantalum about 7.8 percent alum num about 0.15 percent

haf ni um about 0.02 percent carbon, bal ance nickel and inpurities. 6. The
met hod of claim11, wherein the step of providing the restoration

ni ckel -base alloy includes the step of providing the restoration

ni ckel - bask al | The thetbdgf dainolyiwighreif G0 dfipedviding Wl rgitbratipe hicReltbasd
0.01-0.03 percent .carbon, 0.1 percent nmaxi num manganese, 0.5-0.6 percent
silicon, oY incdudesihe sigphum phosphorus, 0.004 percent naxi mum sul fur,
7.4-7.8 percent chromum 2.9-3.3 percent cobalt, 0.01 percent nmaxi num

nol ybdenu o7 y . 3- 5. e Y 02

per tent ey e oo PEHER Mk LBRE LAY, hevink vy Mo T put PV Bl Berctn

rheni um CGhoébiupesnim mosexthan sbae DO ipdrdenOytBiunper cent maxi mum pl ati num
0.01-0.02 percent boron, 0.03 percent maxi mum zirconium 0.12-0.18 percent

haf ni um cent XJ. mum ni obiym_ 0.1 percent maxi mum_. vanadium 0.1
bod ofel

per cent mg'& |1 ij hedpg 0 bvehisrin iestsptheredding fhegoderaien ikel-bagaxi num

magnesi um iy del qlgen%t mi mum oxygen, 0.01 percent maximum nitrogen,
bal ance ni ckgl W@cfeﬁ ot er el ements 0.5 percent maxi mnum 7. The nethod of

claim1l1, wherein the step of applying the restoration coating includes the
step of appbyiding thheesteration atdkeRbaseallbpdgatinga tdrhitkheaapadtidn imvaiehtit
0.0762 to abou The laim1, wherein

.381 14 centineters. . met hod, of
the step d%erﬁ?aépg AhpUt el peent oabaly @19%3-6 H%ra%r}trférqrﬁ@na@%q @1 ngregnt
t enper at ur 1 t 5 ) : laim1,
wher ei n thlga}gsi%lg%{ g@)ﬁ;eagﬁnﬁ’gg&kl%ugege r?tﬁlg%sl%%%eﬁ’o%b o‘ﬁeoé@ﬁ%rg?ﬁre}ﬁ g’??‘f“gfe to a
t enper at urtgarghm{ ploent dbaiupertdd Fh@ o atsdud Gt 55133841 Sidticon, d4boe 5.46fpeadent east

about 3-1/2 urs, 1Q._ A nethod .of claim1 wherein:
tantalum, abothT.S percent aﬁlminum, about 0.15 percent hafnium, about 0.02 percent

carbon, balance nickel and impurities.

6. The method of claim 1, wherein the step of providing the restoration nickel-base

alloy includes the step of

providing the restoration nickel-base alloy having a nominal composition in weight
percent of 0.01-0.03 percent carbon, 0.1 percent maximum manganese, 0.5-0.6 percent
silicon, 0.01 percent maximum phosphorus, 0.004 percent maximum sulfur, 7.4-7.8
percent chromium, 2.9-3.3 percent cobalt, 0.01 percent maximum molybdenum, 3.7-4.0
percent tungsten, 5.3-5.6 percent tantalum, 0.02 percent maximum titanium, 7.6-8.0
percent aluminum, 1.5-1.8 percent rhenium, 0.005 percent maximum selenium, 0.3
percent maximum platinum, 0.01-0.02 percent boron, 0.03 percent maximum zirconium,
0.12-0.18 percent hafnium, 0.1 percent maximum nicbium, 0.1 percent maximum
vanadium, 0.1 percent maximum copper, 0.2 percent maximum iron, 0.0035 percent
maximum magnesium, 0.01 percent maximum oxygen, 0.01 percent maximum nitrogen,

balance nickel with other elements 0.5 percent maximum.

7. The method of claim 1, wherein the step of applying the restoration coating
includes the step of

applying the restoration coating to a thickness of from about 0.0762 to about 0.381
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the step of providing a nickel-base superalloy article includes providing a
ni ckel -base superalloy article conprising a gas turbine stationary

fl owpat h shroud having flowpath cooling holes therein that has previously
been in service, wherein the article has a nom nal conposition in weight
percent of about 7.5 percent cobalt, about 7.0 percent chromum about 1.5
percent nol ybdenum about 5 percent tungsten, about 3 percent rhenium
about 6.5 RERgEREs tantal um about 6.2 percent al um num about 0.15 percent
haf ni um about 0.05 percent carbon, about 0.004 percent boron, about 0.01

percent yttrium balance njickel and inmpurities; and the step of applying a
restorati ch to thesethad ef gpim hewhgreindhestemef hegting insludss thesstepfofpr ovi ding a
restoration nickel -base alloy, wherein the restoration nickel-base all oy

has a nomeAfhg HRIRRSE id PRuipBratit 8P FroReIRENt 109f2°ehedboud 113 52€f cent cobal t,
about 7.6 percent chrom um about 0.1 percent maxi num nol ybdenum about

3.85 percept t sten, .apqut 0.02 percent xi.mum titani um about, 1.65
percent rheni u%ﬂ%@?d B.P%meé’r‘@%‘ﬁ?méf‘q %t%ﬂfl?eaaa%mci%lea ep*é“rpdgnt t ant al um
about 7.8 percent alum num about 0.15 percent hafnium about 0.02 percent
carbon, bdleatingtheiactkeit e mpepitire bff @3m Abdat EEIA2C taRPOY NGST: fesitRrat i on

coati ng of restoratij.qn nickel -base alloy to the surface of the article
by a hyper? \?E&Bﬁtia??moéyfzﬂ@msmat al spray process or a | ow pressure plasna
spray process, and thereafter heating the article with the restoration

coating apifl i edA neetliddeofiifalcehérbier eof to a tenperature of about 1121.1C
to diffusion bond the restoration coating to the surface of the article,

prior to "l gtreB io?%ro%{ﬁnggltnii&eﬁbgs% S%Sérgilgyearti:cl:'ﬁe includes providing a nickel-base
superalloy article comprising a gas turbine stationary flowpath shroud having flowpath
cooling holes therein that has previously been in service, wherein the article has a
nominal composition in weight percent of about 7.5 percent cobalt, about 7.0 percent
chromium, about 1.5 percent molybdenum, about 5 percent tungsten, about 3 percent
rhenium, about 6.5 percent tantalum, about 6.2 percent aluminum, about 0.15 percent
hafnium, about 0.05 percent carbon, about 0.004 percent boron, about 0.01 percent

yttrium, balance nickel and impurities; and
the step of applying a restoration to a surface of the article includes the steps of

providing a restoration nickel-base alloy, wherein the restoration nickel-base alloy has
a nominal composition in weight percent of about 3.1 percent cobalt, about 7.6 percent
chromium, about 0.1 percent maximum molybdenum, about 3.85 percent tungsten, about
0.02 percent maximum titanium, about 1.65 percent rthenium, about 0.55 percent silicon,
about 5.45 percent tantalum, about 7.8 percent aluminum, about 0.15 percent hafnium,

about 0.02 percent carbon, balance nickel and impurities, thereafter

applying a restoration coating of the restoration nickel-base alloy to the surface of the
article by a hyper-velocity oxyfuel metal spray process or a low-pressure plasma spray

process, and thereafter

heating the article with the restoration coating applied to the surface thereof to a
temperature of about 1121.1°C to diffusion bond the restoration coating to the surface of

the article, prior to returning the article to service.
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