METHOD FOR REPAIR OF A NI CKEL- BASE SUPERALLOY ARTICLE USI NG A THERMVALLY
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 rension 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-nount r I d.m wih fuel. The m xture is
conbust ed, and tﬁ&ﬁ@ﬁ@ﬁ@ﬁﬁmg@m‘% PYPERAMA®Y hr ough a |
turbi ne nounted on the same shaft. The turbine includes a rotating turbine
di sk wi th turbine ANpdes GURRPAIAIERMALSY PENAREY C (¢ stationary
(that is, not rotating) gas turbine flowath shroud that confines the
conbustion gas to flow through the annul us between 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

t ur bi ne bl.ade ich rn he shaft. and ovi des power .to the conpressor.
The rotati %ﬁ 1y ’loﬁereiﬁ dg)sh%?nEpr”ﬁeOfg%@(fli?%?st‘?esupg PY GHEHS aFlBom?é? h shroud
are heat ggbﬁiaﬂmﬁ%h%ﬁa&r@mgt%ﬁngxdilﬂ&sttﬁfoﬁﬂ gl on gas. To aid themin
wi t hstandi ng the "high external tenperatures, they are typically cool ed by
fl ows of conpressed cool air that are conducted through their interiors and
exit at cB& OB OF THE IdVENI®Naces. The hot exhaust gases flow from
the back of the engine, driving it and the aircraft forward. During

ice, {h i ne disk. the turbine blades _and th t ur b
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hot combusytd gﬁﬂga@mt@r&my&gﬁ,r bl mix8d HithFudl OFhe Rlyxtﬁfeqpédﬂ%uség dGhe t hE
metal of t'he turbine blades and the gas turbine stationary fl1owath shroud

i s bur nedresliing hat sombustign ghsis gassechihiangh adirbineenountedparterdametsbhfiwihdrat  whi ch
i s acceptahl.e .fgr ,econom ¢ eration of th as turbine, engine. Rotor
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Consequently, W i ncreasi ng periods of I ce, cl earance gap
bet ween tdembustidsi gae tdflewd dgowghdhe seulus 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 bumed 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
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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. When the gas turbine engine is overhauled, it is

conventional_practi.ce tq restore the. dinmensjons .of .the.conponents to
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fl owpat h shroud, techniques are known to conduct this repair wth thermally

densi fi edipscafahe hybine dades and treagap hebide StatiPadrg rftovwpalitghr8&Y andmMiors aot

di scl osure s incorporated reference. In this approach, a preformis
pr epar ed Ié‘ﬁt?“ﬂd’?‘fﬁ@é&”ﬁ“h’l‘?é‘ﬁ%é 9% surface of the gas turbine stationary
fl owpath shroud, and the cooling holes are redrilled. This approach has

been sucoRmieh We L8R gi0isl ARALIEN W Ahibha HASick S BidGe That | onary

fl owpat h shroud, and, in conjunction wth technique r restoring the

t ur bi ne bliaagonsfaithe comtponents tp withingheir brigibalmeartudadtired spderandes, thérelnn
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returned to service. Thi's preferential ox n may cause’t

cool i ng hwhtngst seetfer exingple U.8aPdtént 3,361 825 dwhese dibelbsurbés nbarpoateddnol i ng air
is reduced, The damage to.the repaired gas _turbine stationary flowpath
shroud cdGEERCHy ttﬂlg apRrPachs ABIRPTOBIS P@%’é“‘%d’ﬂii kendedita tha flevmathcenifaseoli ce i s

consequent ¥, AGe5he Eﬁﬁﬁm \?i\gg%;ﬁﬂﬁsﬁ]ﬂ&cﬁ ! @Eﬂev(g)oﬁiﬁg qfoiesga?g E%Pﬂtgﬁs Tufor the

gas turbine~stationary shroud have been®trie ese

al t er nat iappmaclehdsiteen sesedstulifor fcherisg i dimehesedfi thé %Mhﬂﬁﬁd Patickryt he
cooling holes or in premature crack initiation in the restoration that is

pr opagat dPWhsthshEaRd, andp i qoatuactionwith tachniguesderyrestoring thedwhine bladss derur e f or
the gas tyyhi; iRP[ﬁ l. / 0 : i atisf.actory {in
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pr ef er entefffidier¥dsdat i on around the cooling holes and premature cracking of
the restoration and substrate during service. The present invention
fulfills_this need, and further provides )

- However, in some mstances 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 at ed advantages. 2 SUMVARY OF THE | NVENTI ON According to a first aspect
of the present invention, there is provided a nmethod for repairing a

ni ckel - base superall oy article conprising the steps of. providing the

ni ckel - base superalloy article that has previously been in service; and
applying a restoration coating to a surface of the article by the steps of

provi di ng r (o' rein the precursor m xture has no nore
SEMURRY B T SN ER R

t han abou perce m um and no nore than about 0.01 percent
yttrium and wherein the precursor m xture conprises a higher-

mel ting- paicadrdiakltoys Sigrpaenbf tRnstesent @WentioR|thérdds pedvidedad hyhodogponent ;
thereafter applying the precursor, mxture to the surface of the article,
and t her eEPpising gargkehbaserpperaiey atisle\gpmprising thy sensrod cprowidingthenighglt i ed to

t he surfa t fficientl i gh emperature to nmelt t.he
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coating otoating teasirace odthetaicl@by thelsteps 6ESBVdindh frecidsdesientl, aaRagt of the

present invention, there is provided a nethod for repairing a nickel-base
super al | ofpe@FecpEspemidsrtias pa goreias gy 13 weishb perdem ghtonsumiaoi ap mases e

superal |l o ' t hat . previ,oysl een in service, wherein ihe
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of about rmebinpgioit alloy e6Bpbent, 288 dlloweOmBIBhEPBint N6 P BAHPOneAL MbreatteP Per cent
nol ybdenum about 5 percent tungsten, about 3 percent Thenium about 6.5

percent tanplvng e ppousorenixtyse te thetsurfaceof theartickh gud titeraagtep beatimgtthhraf ni um

about 0.05,.percent, carbon, about 0.0 rcept _bor about. Q. Q1 .percent
yeri um  BAPEGE" hedREr i SRR pried do UK SR Ess hRe e PR eRlvngh “Coat i ng
to a surfrepeRiurt e Ml itk BwagdBhdpdine ang,%@ﬁ@&ﬂéﬂﬂ heRbY qgmlﬂﬁ% tRe Nom nal
conposition in weight percent of about 10.Z percent chrom um about 5.6

per cent csbaration gpging on the panfaceref thel asticlaum  about 4.3 percent tantal um
about 1.3 percent rhenium about 3.1 percent tungsten, about 0.1 percent
haf ni um about 2.1 percent silicon, substantially no yttrium balance
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conprising a higher-nelting-point "alloy conponent, and a | ower-
repairing a nickel-base superalloy article comprising the steps of providing the nickel-
base superalloy article that has previously been in service, wherein the nickel-base
superalloy 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 applying a
restoration coating to a surface of the article, wherein the restoration coating has a
nominal composition in weight percent of about 10.2 percent chromium, about 5.6
percent cobalt, about 7.2 percent aluminum, about 4.3 percent tantalum, about 1.3 percent
rthenium, about 3.1 percent tungsten, about 0.1 percent hafhium, about 2.1 percent silicon,
substantially no yttrium, balance nickel and impurities, by the steps of providing a
precursor mixture comprising a higher-melting-point alloy component, and a lower-
melting-point alloy component, wherein the higher-melting point alloy component and
the lower-melting-point alloy component together comprise the nominal composition of

the restoration coating; thereafter forming a preform of the higher-melting-point alloy




mel ting-point alloy conmponent, wherein the higher-nelting point alloy
conponent and the |ower-nelting-point alloy conponent together conprise
the nom nal conposition of the restoration coating; thereafter formng a
preform of the higher-nelting-point alloy 3 conponent and the

| ower - mel ti ng-point alloy conmponent; thereafter applying the preform to

the surfa i t her heat.in h rtigl ' t he

or of of m agpRash{ate tobleEme A o fRA dlpotR p PRt ok el ey 2t e
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aspect of the present invention, there is provided an article_ conprising:
a ni ckel - hgsurfageplgreatite g sufficieatlehightempgeasure fospelbths foyvarmeliingpaietallpye; and a
precursor L MLE of a restoration coating applied to a surface of the
article, ern'the precursor mxture has no nore than about 12 wei ght
percent chrom um and no nore than about 0.01 percent yttrium and wherein

the precursor mxture conprises a higher- nelting-point alloy conponent,
and a | owdecordingtaga pairhespgct of the presertninventionethereliis proydded pw agticiet hod f or

iri ickel - b | icle that.h ' | [
ervi ce o A REREENP SRl B Rely fache B wefp RieliSedmdSed o
- restore tdgreflirB®oixARS o rebtbfutivh bofing apSIRGLD hiseFhdelof tHertich, GhBRfShéll mensi on

in the case of the gas turbine stationary flowpath shroud, to within
accept abl rreeuwsamzinteshasTioangre Swaaboutd B yraighd peicentehtamivingad nomies than up t he

o e pof o 55 el dhd - LS QR P b Bt
pr enat ur emeliiagipoi aildy SRANGHeR:, afﬁl@ldwe!rliﬁéltihl?ﬁéin@a@ﬁ%;%&ﬁtp n techni que

that is well “established for other applications. present approach is
particularly useful where the repaired article is heated in service to

quite hi temperat ures by .t he, hot conbusti.o as, sych as.t ratures of
tot 1 ess e BRUAtetos 2 Hetod ot SinefBieas cibbakcveedian i B TS b

Al so di sgheseekly Bech ifBiroRE aﬁ(?ﬁas’it%Bﬁhéﬂs%s%dﬂc@dﬁefﬁe?ﬁ&%nﬁ#ﬂﬁfa@ﬁ lsQ¥eqirticle
conprises the 'steps of providing the nickel-base superalloy article that
has pr evitowestore Bealimensigesof ilearticle specafxsllyitngthirkness timasion in theedsenf) to a

surface of the grticle. The restqratjon tin
tLe gas tur%me stationary owpa%h shroud, to wﬁﬁ% acc&%)tertmg tolerances. The present

approach is effective to build up the dimensions, but does not result in a restoration,
which preferentially oxidizes at the cooling holes. The restoration is also resistant to
premature cracking in service. The method uses an application technique that is well
established for other applications. The present approach is particularty useful where the
repaired article is heated in service to quite high temperatures by the hot combustion gas,
such as temperatures of not less than about 982.2°C, and preferably not less than about
1037.8°C.

Also disclosed is a method for repairing a nickel-base superalloy article comprises the
steps of providing the nickel-base superalloy article that has previously been in service,
and applying a restoration coating to a surface of the article. The restoration coating may
be 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 may have no more

‘than about 0.01 percent yttrium, and preferably substantially no yttrium (i.e., no
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be applied by providing a precursor m xture having no nore than about 15
wei ght percent chromum preferably no nore than about 12 wei ght percent
chromium and nost preferably about 10 wei ght percent chrom um The
restoration coating may have no nore than about 0.01 percent yttrium and
preferably substantially no yttrium(i. ., ho 3a nore than about 0.001
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conponent, thereby formng the restor ation coating on the surface of the
“article. thle@ﬁetﬂ%lmtil thaf precursdrenistuap appliedetp the/sunfpee thefeok mayderhehted era the

article is etu 0 seryvice. i ckel -hase s rall oy art
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Typi cal | yeorfolify tﬁ@?esidi’étmnrt%at%gaéﬂ HRa0fadd ol hpfyf&am%ﬁfe} weégefCOO! I ng
hol es therein as the article.” In that case, the cooling holes are redrilled
af t er t heapplxng sffullheerplatyd, mnaalcﬂmsfra]unmdteﬂemnterrent t he ni ckel - base
restoration aI | oy of the restor ation coating has a net nom nal conposition

in meight of abo perce nt. .cobal t, .about 7.0 ercent chrom um
about 1.5' 918 eﬂtbafﬁﬂuyﬁr& %?ﬁlc egalﬂgpgg%@rl{l%%gch]ﬁyy %‘b"g?ﬁth %‘m‘b‘gr cent
rheni um about 6.5 percent tantalun1 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 balance nickel and inpurities, and in this
case is a nickel-base superalloy. The higher-nelting-point alloy conmponent
has a nom nal conposition in weight percent of about 3.1 percent cobalt,
about 7.6 percent chrom um about 0.1 percent maxi num nol ybdenum about
3.85 percent tungsten, about 0.02 percent maxi num
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‘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. In
anot her formul ation, the higher-nelting-point alloy conponent has a
nom nal conposition in weight percent of 0.01-0.03 percent carbon, 0.1

percent naxjoum anese. 0.5-0 6 percent . silican, 0 0 ercent .nmaxi mum
phosphor u%sxdl?)mﬁﬁ{fmggplfglﬁf these Hﬁnggqa{IQﬂawﬂowpafh %"B‘é‘?'&"’ého ling 2.9-3.3
percent  KbdthtreiPasOfte ROCRE N tHRXASEURE EB! WtMre rodfiléd Qﬁ&%@&%@%ofungswm
5.3-5.6 percent tantalum 0.02 percent maxXi mumtitanium 7/.6-8.0 percent

al um numhestiBg.1. 8 percent rhenium 0.005 percent maxi num sel enium 0.3
percent maxi mum plati num 0.01-0.02 percent boron, 0.03 percent maxi nmum

zirconiu 0.12-0,1 rc haf ni,um 0.1 percent, nmaxi num ni obium 0.1
per cent %)?l H#W%ﬂﬁaﬁﬁ?&%inﬁka@é‘ﬁ? restQIAton Al resteragion %H@gﬁﬁs maxi num
i ron, O. : ' | | n, 0.01
T cent T o g et O PGl 7 B e T o
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in weight pergent of 14.0-16.0 percent ¢obalt, 19.0-21.,0 percent. chrom um
455 %gﬁr%éﬁﬁle% bR BeisEnt iRl abaR R perfzw-a@%r&mﬁm? abont Ot i con,
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to about 21 perce E{y wei ght of the | ower-nelting-point alloy. conponent.
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heat treated to produce gamma prine precipitates. The purpose of the
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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 impuritics. The alloy components are

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




U about 0.254 to about 0.406 cm although it nmay be applied in |arger or
smal l er thicknesses. The step of heating preferably is perforned at a
tenperature of from about 1232.2C to about 1287.8C, and for a tinme of at

| east about 20 minutes, nost preferably to about 1257.2C to about 1273.9C
for about 2 hours. The restoration coating is resistant to oxidation, and

in partic i i ntt referenti.al, oxidati on around the.cooling
hol es. Th!EeH I(ﬁ{)vc\'/b 1)(?:l (lf’"ge?n& E%%grolgt g% tlfei“ffﬁﬂi)gv“g?@ﬁ gftﬁﬁj‘? ﬁ]Ongaﬂ@ﬁ%PglﬂEﬁH%&i dat i on,
yet do notompsiieae the oxidation and corrosion performance of the
restoration coating. Qther features and advantages of the present invention
wi |l be apparent fromthe follow ng nore detailed description of the
preferred ierationtalloy shas forms teeisptaratiph epatingi may bdvenigkd dapampemaloxir awi ngs,

which i1l f l,e, .th i ncipl .t i ion. Th
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di agram of a preferred approach for practicing an enbodi rent of the nethod
of the i ndlloytcehnotdetieglfreatedl tp praglute gayensa primy psedfipitatesi The pomposesifdbeat i onal

vi ew of ion of a gas turhine;. and Figure 3 is.a cross-sectional view
o ong 1 i eglabiof Boflingths 88 Setaré dlofiion s wattetife avide SrREABRLNT oud
assenbl y iapdyidbsor el ation to a turbine blade; Figure 4 is a perspective
view of a segnment of the gas turbine stationary flowath shroud; Figure 5

is a bottomview of the gas turbine stationary flowath shroud; Figure 6 is
a_front viegegpratipe coating is tynieadlysbuttiobnesessatilyy wpplidd tohrtbicdpesan fifingure 7 is
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| NVENTI ONhicknesses.

The step of heating preferably is performed at a temperature of from about 1232.2°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;




Figure 1 depicts in block diagramforma preferred enbodi nent of a nethod
for repairing a nickel-base superalloy article. In practicing the nethod,
t he ni ckel -base superalloy article that has previously been in service is
provi ded, step 20. The present approach is applicable to any operable
article. Figures 2-7 depict the use of the nethod in relation to a-
presently preferred article, a gas turbine statiopary flowath shroud.

Fi gure 2 PeBeisa ggieﬁmﬂfeli@aa%%?@ﬁ%ﬁ%ﬂw e ROFtion ofogasiteRinegf a gas
turbine 40,4 illustrating only the conponents 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 peri phefigu#8 isfa créss-stetionhindewtiabdngdihe 383 9fiBiguty bohe gastugdinostatiohaty owpat h
shroud 50, forns a tunnel-Jike structure in which the turbine disk 42, the
shaft 44, 1oyRpth faowd assemblyand i selagon grafuebinebladejas t ur bi ne stationary

flowpath shroud 50 is terned "stationary" and does not rotate as the
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di stingui shed fromthe rotating shrouds that are found near the tips of
sone typddgak S igadottembieve obthagesturtihe sigdenary flbwpsgthshwuilpnary fl owpat h
shroud 50 is forned by a series of curved stationary shroud segnents 52

t hat toget.her defi.ne the |l indrical gas turpine stationary flowpath
shr oud 53‘5%6?&%@9{4 B‘ﬁwd’ghef gaé\ﬂmgﬂlefsgaéw‘ﬁéf tf"?"ﬂ?i‘fbc 5&%"% ﬁ’b‘gst ors (not
shown) of the gas turbine engine is perpendicular to the plane of the

drawi ng qfiﬁlﬂrgiﬂidrﬁ chlarEd0hematid LilbSldvat&m Yhsy SPﬁleEFéE Mﬁlessttﬁgiﬁlﬁﬁr y

fl owpat h shroud 50 and one of the stationary shroud segnents greater

det ai | . Hhotpagh shrowhduringshe sutraiegpeotes$2 i s supported on a shroud hanger
structure 56. The gas turbine stationary flowath shroud 50 and the

stati onar surface 58 that faces but is
spaced a%ﬁfﬂf%@g@#ﬁﬁaﬁﬁ@%&mﬁéﬂ\gl ade 46. In the operation of
the gas turbine 40, it is inportant that the separation of the flowpath

surface 38qaed dbpiets i Hlo8Odiadr@hTigh h BRferfdd AMHBARENIS: &&ho@f‘or%ﬁamﬂgf
specified tolerance limts. During service, both the flowpath surface 58

and t he timgclgd-basessuperatiey articts: r lbdwasticingithexnahed dhdyickélebasosupepattnyst i on gas
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




54, and occasionally rubbed together with a consequent |oss of material.
The value of CG therefore increases over tine, until it becones so | arge
t hat an unacceptabl e amount of the conmbustion gas flow 54 | eaks between
the flowath surface 58 of the stationary flowpath shroud 50 and the tip
60, so that the conbustion gas does not contact the turbine blade 46 and
i npart ener to,it. The result is,the | osg of fi.ci ency of the gas
tur bi ne 4 eflq“e&'ﬂ}ﬂqwﬁ%rﬁm@m%%s i 57 dlains framisha compReRs ¢ he
turbi ne bingtghoh) Jrehd PR tdbfne Lpild AUICARARLY tlo! (IRAtnE DfMfle 8P MY
oper at e |b(lg toopags a fé}%w of ea r|rcg(%ol{gﬁ)g?ﬁ&gas,c typtl gaf y air, taﬁ‘ao%g their

i nteri or sFigiee. st ati onary shroud segnent 52 therefore has interior cooling
channel s 62 t hrough which the cooling gas passes to enmerge at cooling

hol es 64 i.n the, fl owpath surface 58. The n er and pattern of the cooling
hol es 64 lﬁme?’ﬁ%usgﬁfg?ﬁ@%@ﬂ@ﬂ?%@%bﬁwaﬂ%w@angep@af%s%wwme the
desired c@alddi@em&itd T kil r 10 | &{ oni ng of
t he cooling hol%ﬂsl 64?5%%%?%%%1;;?‘%%%%@0 The Sg%gmosgﬁ%)gﬁ?gﬂ (sed fl owpat h
surface 58shrtnel bnigeastnetiea 367 (Tef gak herbtraititivpashtownells skidud 50fant ¢hd=i gur es
5-6 illustrate a pattern of the caooling holes 64 frombottom (Figure 5) and

front el tBliongshroudisggpentdp have adlowppfiesuriaps P thap fasgebutds spased pRast i nt er nal

cool i ng F:J}ﬁl | ' ol P . e krent i s
concer ne onlr&y '%? ﬁﬁ %E‘ﬂgﬁgﬁ‘%‘%ﬁé S ?%esgp%ge{%e%{&gzéagﬁg%%ﬁ Eq?’ﬁgh‘fﬁr bi ne
bl ades 4Z4mportia thitt the lsepBatidh ab tHehBoWgah sifRienss sidtHeoma 6y, fdnav@didr shroud

50 is nost preferably made 7 of a nickel-base superalloy. As used herein,
"ni ckel - I5teaEanceEap <G heavithin spestipddaleranemlimita Puringservicesk both ghedlosypeth han any

th I gl ' - I . |t t hat |
St rengt haNad P PR AEED sHPaFah BEFSleariR gl iueBLRA R ™ phase.
In a prefsaaiRibecaionally BbY fopether with ResieédubntMBss dF tr@derialM iR alug oRCGEYi St er ed

trademark of Tel edyne Industries of Los Angeles, California, having a
noni nal dlerplers increases avenfinghmtih drheeomesoio latge that 7n Snpesepteble aowivat of,  about

{ ungat en % paRPRToN Bes BRE 44 knfs BEMGE the HwYpl SRt S 8h e wiFuiSou 6. 2
per cent  dlowipathtifitoud 50uhd e Hp GOCEC@A thdafrmbistitn cad B nd OB BeaBbine Car bon,

about 0.004 percent boron, about 0.01 percent yttrium balance nickel and
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
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inmpurities. The article that has previously been in service is cleaned to
renmove dirt, oxidation and corrosion products, and other foreign matter
resulting fromthe prior service, step 21. The <cleaning is preferably
acconplished by fluoride ion cleaning. A restoration coating is applied to
a surface, here the flowpath surface 58, of the article, here the

stationary. shroud segnent 52, step 22. Th plication step 22 first

i ncl udes gf&rlﬁ?}fex%ﬁif %‘PWQEﬂr%PS‘?ﬁDW‘HP’e ,méﬁeﬁgasﬂmeFﬂ%thﬁE@Fﬁ?@P‘P%Wlhoat i ng
has no i BITST } I n re than
about lrzrq{v\agintgljér?%b%rgc n?enl?hron?t%&g\%s?ﬂ%%% SP&%%%%?L% (\S/\k/earght

per cent olommposition theh & stesgthemddibgnhe preeipitatpnidFamenafrige e osdrttdted. 01

percent yttrium and preferably substantially no yttrium(i.e., no nore
t han abouRhags: ﬁpb%%%‘faf‘?’ th‘f“ﬁ%l?&eﬁ“ﬁ%@@)@wh&hﬂ@)ﬁfweﬁmadynﬁm um ar e

| ' | - - hr.omi wim and 0. 0
P eroent \JtdGhE HARic F a8 hldifls, OHARZ E0IRCE BoRInGE BEARILPR] O O7

t endency vaght priceketiof about Wistperdent dvbals Abaw d. (opptdndehrbal@s abdut i Bjer@hdual |y
plugs the cooling holes 64 and reduces the cooling air flow through them
Thus, an Belybdanuing gheti S gsrogntfuagssen, ishewt X perseat] theyiuey wbeutes. § ipatcentas

previ ousl n_i Vi a hes tion coat.ing .pr sor mxture
appl i ed tt%)&ltgl%%ﬂ?_%éeﬁﬁer{)?ig a%ﬁ]l C ’_eafbouﬁ@ing’rgsrﬁf %P‘HHT o&fg.ﬂﬁggrc%t nor e
than abouwarbbh, WeiugLoMEpEeait K6 HbeE 6.0 JRecdiP Variuil) dlaAROHCkE. £l per cent
yttrium The precursor m xture conprises a hi gher-rrel’tl ng- point all oy

corrponentif,npﬂlﬁ Sa | ower-nel ting-point alloy conponent. 8 In a preferred
enbodi ment, the restoration coating is made of a restoration alloy having

a nom nal 11 ] |0 We percent .of, abaout 10.2 percent,.chram um
about 5. 60 %%g?cge(:{nhtta{ @‘% éﬁlgﬁgg%c[n 1 SGVIce I SleRIesh (AP0 ‘Iﬂgb%ﬂﬁatﬂ). er cent

t ant al umcofbideH prédidets) afid 8fher fofdi@Ithatidr realEHE fr3mlth® BHEQBEvideUAGSS 1€ MFheaboUt 0. 1
percent hafnjum about 2.1 percent silicon, substantially no yttrium

bal ance leeriag isprefarahiy peaompdisherHey fiasideienelemiing.ure for this preferred
enbodi nent is a mx of a higher-nelting-point alloy conponent, and a

L over - el 108708k %atﬁlé 18¥1p1§1%ﬁ]%8 Q%Q&&Cej ﬁ]e%g ﬁ"ietﬁ/(\)%p%hll S¥face 58, of the article,
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 yttrium, and preferably substantially no
yttrium (i.e., no more than about 0.001 percent). If larger amounts of chromium and
yitrium 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.




conponents are prepared separately, and then m xed together to nmake the
precursor mxture. The preferred higher-nelting-point alloy conponent has
a nom nal conposition in weight percent of about 3.1 percent cobalt, about
7.6 percent chrom um about 0.1 percent maxi mum nol ybdenum about 3.85
percent tungsten, about 0.02 percent maxinmumtitanium about 1.65 percent

rheni um bout 0. encen ilicon, about 5. ercent. tantal um about
7.8 perce a preffige Lﬂﬂ% leE&% tlgerfgtoggloeé:ﬂﬁthgdp Fﬁ’gﬁ Fﬂpa QB@E&“"G 9y %‘@?%ent
carbon, bahgnesl @bﬁ?@éltlﬁpfﬁ WERHI bérb@iﬁ -of |a901?cnﬂ)tf'ﬁérc§‘lm l?lf ab&ifi®.Preferred

hi gher-rreltl ng- poi nt all oy conmponent has a nom conposition 1 n weight
per cent opfercedt cabaly, ﬂ)@ulpIaZ pemrltahlrrhmnn dbotit 2 perent tanakinmaboutd ypanese,

0.5-0.6 p cent SI| ercen maxi phosphorus, 0.004 percent
] mam Bpui 3 Dgtcgabianteh, SRR Brers DOBIS SheHaHerbuheoD, 0. 01

per cent n@lggtgym] oyﬁgﬁﬂyrghlaﬁe? ékcﬁ tungsten, 5.3-5.6 percent
tantal um 0. 02 pltva?rq%:ent maxi rm?nltul taﬁ?ﬁ%ﬁﬁﬁ@{%e% O percent alumnum 1.5-1.8
percent rhenium 0.005 percent naxi mum sel enium 0.3 percent naxi num

pl at i num Tig @r¢c@s@ nigtne fon thid preferred Enilddirrent ¢t mixpodi aﬁghaimelﬁxﬁg’-%t 0.12-

0. 18 per t hafnium 0.1 percent_ paxinum ni obium 0.1 percent maxi mum
vanadi umfﬁln W@ht%&ﬁﬁ’ﬁﬁ‘i ’@6{5‘6‘&1’1’01@ 8llqye FOTBRPNCHA X ithenalley 0035

per cent pek nt
ot mum 1 ones RO PERAUT b JyP B Rlth RN T S I BN mum

The | owermnsbire.i The profentd mghwnelnﬂgmomeﬂloymaﬁqpanmhasraaionﬁ@dm@mpbsu@m in
wei ght percent. of 14.0- percent cobalt, 19.0-21.0 percent chrom um

4.5-5.5 pBrvesht Peroems Oub3 (.})EPGH%H Fhwlte AR QI A, GWCI‘?HB(’]}.IOI%WC@?W'[ 8l j con,
0.5 ITHXI rﬁ%ﬂﬁ" r Hunhr® r nce _ni ckel
and i npuri ﬁegg em%lv\gl%a?'bﬁgy c’oérﬁp%(?n spgfcgﬁtm%%gt%?oget er ||Qercﬁm

appr opr i ataximuapitahiuon abaut fl GSrpetdeat rhnivke QUSROS I Pekdeut dlicdn) aborisefser r ed
enbodi ment, the érecursor m xture has a ratio of about 79 percent by

wei ght ofPefasat ianggiven.ahept 7. %gerﬁmt@lwwmu@yamwdﬁmtcen@a&mm about 9d2cent by
wei ght Of ebddfit {ga??ﬁ{é'bgfak{lé ng U Bl H‘l? é CRMRRRRMipRRadY Itﬁ'gpre?erre%r eferred

conp03|t|0n res ora  on co
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 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 hafnium, 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

9




As shown in Figure 7, a restoration coating 72 of the restoration

ni ckel -base alloy is thereafter applied, step 26, to a pre-repair flowpath
surface 74 by a thermally densified coating (TDC) coating process. The TDC
process is a known technique for applying netallic deposits in other
contexts, see for exanple U S. Patent 5,561,827, whose disclosure is

i d by r.ef T f TDC t he pi - el ti ng-
bor nt ol 1G5 pRE ARGt e e s Ao o
pr ef er abl 3o gEreclby weIgRE dTelhe IAREbrE Q8REFoihCallog g&?g%&hﬁtfo%'bﬂﬁt Al feRtnagy vely,

t he higher-nelting-point alloy conponent ah | ower - mel t'1 ng- poi nt al | oy
conponentweight df ¢hedewermelshg-pamphlictompontripreducimpdhe fréferad compasiarccessi on
of two or re layers, in the appropriate weight proportions. The
restorati %’E?éttof%’é’nﬁﬁilfm@e applied in any operable thickness tc that
returns the dinensions of the article to the desired values, but it is

pr ef er abl A5 RN RFibfre 72 aliBit6ABS %oﬁﬁngfs’épgmf B QbttorBridDRick - 3Re 'ahof jsL 60

i nches. The stationary shroud segnent th the coating 72 applied to the
pr e- r epaitherkaftamppplied, stap £6,de aPte-repairfbvgatlt exfabe?d byla tlermalytlénsifient | y hi gh
tenperature_.to t the | ower- | 1.1.ng- poi nt | oy copponent, step 28.

Pr ef erabW?W%Qﬁ@a‘fanH%ngcgﬁroﬂ%@éér@g‘fesﬁﬁcﬁq%? ﬂ%f%&aﬂw@ 72 are
heat ed t : t 28 at

east abats G Tephls ol oI RL iy SRanAb 13 DR SR 1575 oc

f or aboutdi®ldsaersincdrherated by sefekenesr fRaqerfofin tHed IO procesy, the highertmeltingw,

repaired flowath surface 58. The appli.cation process 22 typically
over coat O éﬁ\@i Oogent éﬁ‘f thg gOWRST@%IUW'PWmt ey corapenegt arg prefarably mixeder ef or e

necessar ' [ I : g [ J ] ep 30,
i ke the'd efﬂb"ﬁrr%g{l F’tésﬁéﬁ"?|f?‘ﬁ'855’?&1° e ?E%P?dﬁgaéﬁ%ﬁ r%]‘?r E%?H‘*ésf’dﬁ{r}%?lg" abl y
per f or mectoimpohas and tidrlowei-mgltin@poimndby yompaheativay ba aqmaélycapfmiém may be
applied to prqtect portions of the article. The environmental coating is
typi cal | Y1SHTAE /& oh Imp SHEGFRHEN 2 STVP < ere\ayssy. iprbe apprepriae vweightdi ng
(VPA), a W : £ Viqr.on I
coati ng P E‘gé’%&:&d“z%b5| %\SQ@%(]?]IQ lﬁﬂgg?%gp%wes%&?ﬁg%g&g@ ?éep%'%(gﬁ}ulﬁ%n Sg%%ﬁpri or to
t he i ni tirgthrns 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—répair 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
drilling.

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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operation of the engine. After the application step 22 and redrilling step
30 are conplete, the repaired article with restored dinensions is returned
to service, step 32. The present approach has been reduced to practice
using the preferred approach di scussed above. Hi gh-pressure-turbine
stationary shroud segnents of the preferred substrate material were coated

with the preferred restoration coating material. The coating 72 adheres
vell to tﬁ%mé%’élgr(é[tl’és)nﬁtpé?qeaﬁ kngwe in theeatke Amnpottior 9f e enticongwatal ng 72

machi nes ' e il b f l.ing:hal ste 0.. The coating
mat eri al (r:r%ggth él%lj(lad?rd té |§ttE g’ﬂtthtlf gb{gg? as%l%fgﬁe §aér)]§ I{é%?lﬁ%giaongycpmg%%walﬂﬁmfhese t wo
properti esperstion of\tlad ¢rgired usi ng uncoated and coated Rene(r) N5 specinens

prepared by the preferred approach di scussed above. For the
oxi dati on-resjstance. determ nation i ndi vi dual Ej n sanples of the

preferr edA8 a¢ ?I%Pchéat_ﬁf’d’tsé"rﬂzé-’l m}ﬂéﬁ‘@ﬂ@% steR 30 arg campleten therepaired articlewith or at i on
coati ng %Et%fédadimgﬁs\fbﬂ%qs g%@ﬁgﬁﬁ“a%fﬁgérf@%ﬁﬁ on in weight percent of about

20. 0 percent chromum "a tobalt, about 7.8 percent

al um num about 2.5 percent silicon, about 0.07 percent yttrium bal ance
ni ckel arithd prgsent dppeach Basdeer 2jfuedab pehetidelRingtiee grb¥erBd epRo4Bdise@réd ng

di scussed above. The sanples were subjected to cyclic oxidation at 1135C

maxi num t3¥er dtigh-ereppuretwhig datpnepnthuend segnapmts of) theopriefoyred ambsteateheat i ng

cycl e of i [ Fatur and a.rapid cool,., for 2000
cycl es. fﬁg&@%gﬂg@?@%ﬁ%%%@? Fa”ﬁ%ffﬂg%q %/e%ﬁ%l@acr?gg%m ?q%n%g‘grc%t%?‘ce in
terns ofadheres ok iethe sulisateahdtainl after thbBeati s Slcf 28! FHe 6L TD Mhchigsd | N9,
i ndi vi dual s,aqgl es of the sane t}épes as used in the oxidation testing were

pr epar ed, Wehig theredsiling ¢iithe eanlivedslegestep 3).so prepared as a baseline. The
pi n sanples were exposed at 926.7C for 10 mnutes to Mach 0.5 fl ow ng

conbust i : . uhi.c_centineter er m,nute of salt
col ut on D5qegog AAP S RAE ARt & SbliGn SETLTSI et ol oy
%;llgfgsfg;prfphﬁﬂ%?zwme CToi ns ]\J/\I/{eo?g!eggg(ti ig?relée(?%nand ibﬁspec%%d tgjwen 200
met al | ogribpaTedarddyappmoash giscasseil whos. afet the dxidationmesigmderdetesminatias, 0. 0383
11

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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centinmeters for the speci nens prepared by the present approach, 0.0683
centineters for the specinens coated with the prior TDC coating, and 0.109
centineters for the uncoated specinmens. The present approach yi el ded
significantly inproved hot-salt corrosion performance. Although a

particul ar enbodinent of the invention has been described in detail for

pur poses of tion, various ggdlflcatlons and enhancenents my be

made wi t K&l i or CFRCMERS prsRared, py fhe paergnicapprRacif0. 048 qeﬂ%ﬁ&erﬁﬁr
AcCOr i nahy spdclifers QYALE AR AP TDC Qalifly 1shdd 168 onf s 2 ?cfppe“ded
cke ase super a

cl ai nms. AIMS 1. A nethod for repal ing a ni
article c&pnpmesi; ndhetpeesshiepsproadh: yiplded istfinificahile imprived Hoasslt sorpesiad | oy
article that has previously been in service; and applying a restoration
coati ng ﬂﬁméngﬁﬁFace of the article by the steps of providing a precursor
m xture, wherein the precursor m xture has no nore than about 12 weight
percent CAWHHHM Scdis &Hﬁtﬁhﬁl@ﬁtnotﬁfﬁgqﬁv&ngﬁ hB?'b‘é&Pﬁes%hBﬁ HMYeta 26 Wher el n
the precursor "m xture conprises a her - t' ng-por nt "al'l oy conmponent, and

a | ower - pekpasegefitiisttatiah, Ixmyxoumnmdif&amnstahé eglghtaheplay b enadbevi@oacur sor
m xture to the rf&ge of the article, and thereafter heating the article

with t he d5Pating Pigit andy3aope @f thednygniony Preerdinglis theinvensiog is not

sufficie I e lower-nelting-point alloy
conponen?sb¥hﬁg§§§§&#ggﬁg9&%£¥% ﬂggt%ghglon coating on the surface of the
article. 2. The nmethod of claim1, including an additional step, after the
step of providing and before the step of applying, of formng a preform of
t he hi gher-nelting-point alloy conponent and the | ower- nelting-point alloy
conponent .
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3. The method of claim11, including an additional step, after the step of
applying is fully conpleted, of returning the article to service. 4. The
met hod of claim 1, wherein the step of providing the nickel-base

superal loy article includes the step of providing a gas turbine stationary
fl owpath glaams as the article. 5. The nmethod of claim 1, wherein the step
of providing the nickel-base superalloy article includes the step of
providing a gas turbine stationary flowpath shroud having flowath cooling

hol'es thegein Smuﬁ%gafp} teg)aﬁ‘lnglg’ngkel Se ggée? F(ppfirtlg eaéogléﬁ’ls%n\lggﬁé %{eg the step

of prOV|d|ng the nic super al ncl u ste
provi di ngofi gas turbine statlonary flompath shroud havi ng fl owpat h cooling
hol es therein as %?e article, and mhereln th thod |ncludes an additional
step, after tROVRS t[a Hekel-bagy, sereraliay; prticle ghatnbas BVl OhSFEs In 7. The
net hod of sGlRbmny, wherein the step of providing the nickel-base

superal | oy article includes the step of providing the article having a

nom nal conposapplymgmrresﬁmagmcqrﬁngmaswfaoatmdmhe arficlb bgdhesterts ofobal t, about

7.0 percent chrom @ about 1.5. ercegLBE bdenu about er cent
Lungst en,  abouP ¥ &SR fRiiTe By DR USHR TUSHI PO 2086t 6. 2

percent athamaﬂwmza%igﬁt ferdent BREMAM ah@hb Bidfg‘thaﬁ%ldﬁt @Opg erB&lt §RALmS ar bon,

about 0.004 1gercent oron, about 0.01 percent yttrium balance ni kel and
i mpuriti ednd 6l ermméhmteﬁ@rdomn@mraucmnpnse&her ein the step of providing the

precursor m xt € ep of iding the precursor m xture
havi ng no rrorezlflf1 21 ré]% poﬂ)ta ° gglloneg ént yttrium 9. The nethod of

claiml, Wheream\ﬁdﬂenﬁtlﬁglp@fhtﬁnﬁﬂw{rﬁ:@naltfﬂﬁfdaﬁaﬁi on coating includes the
step of applying the precursor mixture to the surface of the article, and thereafter
heating the article with the precursor mixture applied to the surface thereof to a
sufficiently high temperature to melt the lower-melting-point alloy component,

thereby forming the restoration coating on the surface of the article.

2. The method of claim 1, including an additional step, after the step of providing
and before the step of applying, of
forming a preform of the higher-melting-point alloy component and the lower-

melting-point alloy component.

3. The method of claim 1, including an additional step, after the step of applying
1s fully completed, of returning the article to service.

4. The method of claim 1, wherein the step of providing the nickel-base
superalloy article includes the step of
providing a gas turbine stationary flowpath shroud as the article.

5. The method of claim 1, wherein the step of providing the nickel-base
superalloy article includes the step of
providing a gas turbine stationary flowpath shroud having flowpath cooling

holes therein as the article.
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applying the restoration coating having a nom nal conposition in weight ‘
percent of about 10.2 percent chrom um about 5.6 percent cobalt, about 7.2

percent alum num about 4.3 percent tantalum about 1.3 percent rhenium
about 3.1 percent tungsten, about 0.1 percent hafnium about 2.1 percent

silicon, gubstghti mkihpdnef chairhr i URhekab &H@%t%ﬁ @lf eprodidethg MR hidkePBase10. The
met hod of claim1, wherein the step of providing the precursor m xture

i ncl udes eyRsTaiayrtisle grchides thegt hi gher - nel ti ng- poi nt all oy conponent
havi ng a nomn . £ONMPOSI Ll gR ] ' e per eent
cobal t, about ?.toén (ggg%e%its th%éo%}na%%}{aggtggﬁﬁ%{ %1ng lé%ﬁ?éj tfr}g%#&m&{r?%ﬁgbdenum
about 3. 8boleethxeein ab tirgatiele, andabbereinOth® ngtierdcimpludesati miditidrial stepuafierabout

1. 65 percent rhenium ahout. 0.5 %fﬂ‘ percent silicon, about 5.45 percent
tantal um ﬁ?o“('j Of%. t“b?eP? 1131&}%ﬁ ngj?@g@t 0.15 percent hafnium about
0. 02 percent carbon, bal ance nickel and inpurities. 11. The method of claim

1, wherein the step of providing the precursor m xture includes the step
of providifng t Aée hingthed - ofe klaim g, p wihateiral the \stapo wp qrrevitliniga ttien gickelnlase nal

conposition in weight.percept of Q.01-0.03 percent carbon, 0.1 percent
maxi num F‘}H’ﬁ&ﬁlr?gsaél?cqff@ﬁ@%ﬁ'ﬁé%@é&t silicon, 0.01 percent maximum
phosphorus, 0. Qﬁﬁid?lﬁﬂ% ?ﬁ%ﬁclém%ﬁfiy BmdHiihd compodtidn f REEREHErcdit 0O Bb I

a )

2.9-3.3 percent cob 0.01 percent maxi mum nol ybdenum 3.7-4.0 percent
t ungst en, 73 .peresnseqhakicdwpt 7-8pementshrompm, abeviclehpensentinmlhdenvmnibmyt 7. 6-8. 0

T

‘maxi num zpéreani alaminhnil 22b9utl 8. 19eperednt Hagitiny bodt. 0.0P8jeeAt carBi) Bbowt Ni Obi um
0.1 percent maxi num vanadi um 0.1 percent maxi num copper, 0.2 percent
maxi mum i P-8R4 perceiorers pbast O.Gepersenhy ivaygn <alanee niskehandamparities. maxi num
oxygen, 0.01 percent maxi num nitrogen, balance nickel wth other elenents
0.5 percent naxi mum

8. The method of claim 1, wherein the step of providing the precursor mixture

includes the step of
providing the precursor mixture having no more than about about 0.001

percent yttrium.

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

applying the restoration coating having a nominal composition in weight
percent of about 10.2 percent chromium, about 5.6 percent cobalt, about 7.2 percent
aluminum, about 4.3 percent tantalum, about 1.3 percent rhenium, about 3.1 percent
tungsten, about 0.1 percent hafnium, about 2.1 percent silicon, substantially no

yttrium, balance nickel and impurities.

10.  The method of claim 1, wherein the step of providing the precursor mixture
includes the step of

providing the higher-melting-point alloy component having 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 rhenium, .about 0.55
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12. The method of claim1l, wherein the step of providing the precursor

m xture includes the step of providing the | ower-nelting-point alloy
conponent having a nom nal conposition in weight percent of 14.0-16.0
percent cobalt, 19.0-21.0 percent chromum 4.5-5.5 percent alum num 0.05

Maxi mum c et silicos; dbolt PASGRAdenS1ahta®BA, abolt P.8 PRI PGS Hbolf @15 0. 1
maxi mum percent magnesi ugbebal ance nickel and inpurities. 13. The nethod

of cl ai m Perceif dativing ghout.83 perceregthon; bidancs aigkebandrigurifiect ure i ncl udes
the step of providing the alloy conponents in a ratio of about 79 percent
by wei ght of the higher-nelting-point alloy conponent to about 21 percent
by wei ght 1bf t ke heeiterd- ofelhitd hgwhereiit thel stepyoftmiopidivgnthe pkdcursdianixairbiod of
claiml, wherein the step of applying the restoration coating includes the
step of 18 ?gﬁeﬁ&f’tq}e restoration coating to a thickness of from about

0.100 inch to Rkt Ohd 6RichBCReltihB-poidte hQgh | g : lp the
step of heati ng_ i nclgudes tr%lé st gpl gfpo heg{@%g tﬁ%ﬁlg{r&t ?lglwél%t 8"‘2‘31;}121#2erat ure
of from abwoposERBOM Weighb persenit of2G80-(F03 pasentTérebomptthbgementcinakimily wher ei n

t he st f heating jncludes the st f  heat h ti t
tomper ar uPEngere Bx-BBcsreSbylicsm, B hefisat ManaEpnorphof R e St
repai r i ngmaxinhulk SR SE4-SUP YelehO¥hntiNE! © CINPHrsid Lobhr, §K)@p1i§erégnt

provi ding the nickel -base superalloy article that has previously been in
servi ce, WAsIEm melbdangie|3- pstasat finigstpn,af 8i-&.Lepdreant dantakvinm A0.02

conpositi ' L ght ..percen about 7.5 perce balt.  about 7.0
per cent cﬁér}%énl%? u%ma outtl?a%.l'%g’ t|geér2 %é)nggrﬁ%‘?ty?}ﬂlgﬁrwﬁi" Q‘%Bﬁ BT éévcrgﬁ’fm?’nngst en,
about 3 p@n6®pércemeimiximmaleiniung,. (B3 p&@éﬂ@ﬂéxiﬁlgﬁtopghtﬁﬁﬁm,mm.@- per@at cent

al um num_ about 0.15 percent hafnium about percent carbon, about
0.004 perbane. B8 gisreeahsmaximuy) zigongamt 0421418 peropay hafawm, 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.

12. The method of claim 1, wherein the step of providing the precursor mixture
includes the step of

providing the lower-melting-point alloy component having 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.

13.  The method of claim 1, wherein the step of providing the precursor mixture
includes the step of

providing the alloy components in a ratio of about 79 percent by weight of the
higher-melting-point alloy component to about 21 percent by weight of the lower-

melting-point alloy component.

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

includes the step of
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ni ckel and inpurities; and applying a restoration coating to a surface of
the article, wherein the restoration coating has a nom nal conposition in
wei ght percent of about 10.2 percent chrom um about 5.6 percent cobalt,
about 7.2 percent alum num about 4.3 percent tantalum about 1.3 percent
rhenium about 3.1 percent tungsten, about 0.1 percent hafihium about 2.1
percent silicon, substantially no yttrium _bal an ni ckel inpurities,
by the steps ofPRbYBgithy RetoatitreeRptiog oA higknesBhiPms iRyt 5180 inch %

hi gher - mebgdupg-180knd. al | oy conponent, and a | ower-nelting-point alloy
conmponent, wherein the higher-nmelting point alloy conponent and the

| ower - nel ting-point alloy conponent together conprise the nom nal

conpositi of .t he restaratiqn coating; thereafter formng a preformof the
hi gher - mef 11 gl BomAtodor s5h d s e e eRbefinednelodhsths P oi nt al 1 oy
conponent heating fiRAti€lE tAR Rdnveigute T RLSAKIUIDE S0°tH €0 abbut 2850°, the articl e,
and thereafter heating the article with the preformapplied to the surface

thereof to a sufficiently high tenperature to nelt the | ower-nelting-point

all oy co ne f .l ai s i, f.he step of
provi di nng' heny}%%%@gé?)f%gﬁ &P@hgri%%lct ?J(SJ%E%kﬁ%a%lggé%@géeg|ct)}rleos\tt/?pd?fﬁg the all oy

conponent Keatifig theraadi¢lo twh tenirituréDf HiOhCEsvut RYO IR, ghibok 2318 F,
hi gher-nel ti ng-point all oy conponent to about 21 percent by weight of the
| ower- nelting-point alloy conponent. 19. The nethod of claim 17, wherein

the step pf prﬁz?ﬂl&h&gfofrtﬁl&;gpfrgdlﬁjéfé1-b%e<§uﬁ5ﬁﬁuokQﬁick{éj@o?nﬁxﬁﬁg%@&e { o1 ovi di ng

t he hi gher-nelting-poin conponent "having a nomna conposition in
wei ght per centprofidaigotitte Jickepbaseenipecabiosl artickbdut Has6ppeeionsiyt beemhimm um
about 0. 1sere1<r:é W ergl?lxjthréugcﬁral-%?g %Q}gje%llo%rngl‘cl{[cle?’hgg apgorrﬁi%at cct)xglr)] s?ttlc)Gnn n
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
nicke] and impurities; and
applying a restoration coating to a surface of the article, wherein the
restoration coating has a nominal composition in weight percent of about 10.2 percent
chromium, about 5.6 percent cobalt, about 7.2 percent aluminum, about 4.3 percent
. tantalum, about 1.3 percent rhenium, about 3.1 percent tungsten, about 0.1 percent
- hafnium, about 2.1 percent silicon, substantially no yttrium, balance nickel and
impurities, by the steps of |
providing a precursor mixture comprising
a higher-melting-point alloy component, and
a lower-melting-point alloy component, wherein the higher-melting point alloy
component and the lower-melting-point alloy component together comprise the
nominal composition of the restoration coating; thereafter
forming a preform of the higher-melting-point alloy component and the lower-
‘melting-point alloy component; thereafter
applying the preform to the surface of the article, and thereafter
heating the article with the preform applied to the surface thereof to a sufficiently high

temperature to melt the lower-melting-point alloy component.
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about 0.02 percent maxi numtitani um 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 hafnium about 0.02 percent carbon, bal ance nickel and
impurities. 20. The nethod of claim 17, wherein the step of providing the
precur sor 180 xt The methudl ofddsimt 17 viHeegin tlic fiep vt giovitlihg thel Pre@irsorahixiuig- poi nt

al |l oy conpopent having, a nom nal conposition in welght percent of

14. 0- 16. omsBidegthe stpPli t, 19. 0-21.0 percent chronium 4.5-5.5 percent

| um 0.0 i 7! .
al urmi num 0. O5 iR GABY Btnpdnchidins AL 6 Rbout 7binERRBat b8 oK UM

percent iron, 1 maxi mum perc magnest um ance ni cke

i npuri ti ebigh@&imelinggoiit cilley omponaitrg: abaunRt lpetcehiabe waigie rodl the yowert i cl e

t hat has )glquﬁ.vi ouslynbeen in service; and a precursor mxture of a

rest or at | BFHEOSRIHFIP SPPRPES a surface of the article, wherein the
precursor mxture has no nore than about 12 wei ght percent chrom um and no
nore than about 0.01 percent yttrium and wherein the precursor m xture
conpri sesl@ hi §hemethsidtafrelpimol 7 twhekdin phec st ofi prowvidieg thegpreausar mmhure ng- poi nt

alloy  comppneite stpde
providing the higher-melting-point alloy component having a nominal
rcomposition 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 rhenium, 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.

20.  The method of claim 17, wherein the step of providing the precursor mixture
includes the step of

providing the lower-melting-point alloy component haVing 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.

21. -~ An article comprising;
a nickel-base superalloy article that has previously been in service; and

a precursor mixture of a restoration coating applied to a surface of the article,

wherein the precursor mixture has no more than about 12 weight percent chromium

and no more than about 0.01 percent yttrium, and wherein the precursor mixture
comprises a higher-melting-point alloy component, and a lower-melting-point alloy

component.
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