METHOD FOR HVOF OR LPPS RESTORATI ON COATI NG REPAI R’
OF A NI CKEL- BASE SUPERALLOY ARTI CLE Thi s invention
relates to the repair of a nickel-base superall oy
article and, nore particularly, to a repair for
restoring a dinension of the article. BACKGROUND OF
THE INVENTION In an aircraft gas turbine (jet)

engi.n L] ' f fot [N
SgtEanddr by BEHbS Bt A By EodtRERBP Ak eq
with fuel. The m xture is conbusted, and the

resul ti NP AINRITBIUHA GNSORBRIAT IS A¢driChEough a
turbi ne nounted on the same shaft. The turbine
includes a rotating turbine disk with turbine bl ades
supported on its periphery, and a stationary (that
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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 ato the shroud. Consequently,

with irtcreasing periods of service, the clearance gap between the turbine blades and the
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with increasing periods of service, the clearance gap
bet ween the turbine blades and the | gas turbine
stationary flowath shroud is increased. Eventually,
the efficiency of the gas turbine suffers because
hot conbustion gas | eaks through the cl earance gap
between the tips of the turbine blades and the gas
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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 im 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

telated advantages.



There is a need for a repair procedure for the gas
turbine stationary flowath shrouds that is '
satisfactory in restoring its dinensions, 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
SuUMMvvdes -rel ated advantages. 2 SUMVARY The present
di scl osure provides a nethod for repairing a
ni ckel - base superalloy article that has previously-
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chromium, more preferably no more than about 12 weigh percent chromium, even more

preferably no more than about 10 weight percent chromium, and most preferably frorﬁ
about 7 to about 8 weight percent chromium. The restoration nickel-base alloy preferably
has no more than about 0.01 percent yttrium, and more preferably substantially no yttrium
{i.e., no more than about 0.001 percent), thereafter applying a restoration coating of the
restoration nickel-base alloy to the surface of the article by a hyper-velocity oxyfuel
(HVOF) or a low-pressure plasma spray (LPPS) metal spray process, and thereafter
heating the article with the restoration coating applied to the surface thereof o a
sufficiently high temperature to diffusion bond the restoration coating to the surface of
the article. The cooling holes are redrilled as necessary, either before or, preferably, after
the heating. Afler this application of the restoration coating is fully completed, the article

is returned to service, preferably in an application wherein the article is heated to a
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about 7 to about 8 wei ght percent chrom um The
restoration nickel-base alloy preferably has no nore
t han about 0.01 percent yttrium and nore preferably
substantially no yttrium (i.e., no nore than about
0. 001 percent), thereafter applying a restoration
coating of the restoration nickel-base alloy to the
surface of the article Sy a hyper-vel ocity _ oxyfue
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maxumnum oxygen, 0.01 percent maximum nitrogen, balance nickel with other elements

0.5 percent maximuim.

The restoration alloy that forms the restoration coating may be a nickel-base superalloy
different from that of the nickel-base superalloy article. However, the restorétion alloy
is not necessarily a nickel-base superalloy and, if it is, the restoration alloy need not be
heat treated to produce gamma prime precipitates. The purpose of the restoration coating

is to restore dimensions, not primarily to provide strength although it may do so.



maxi mum phosphorus, 0.004 percent maxi num sul fur,
7.4-7.8 percent chromum 2.9-3.3 percent cobalt,
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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 sufficiently high temperature to diffusion bond the restoration coating to the surface of the article.
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 embodimert.



cracking of the restoration during subsequent
service. The hyper-velocity oxyfuel (HVOF, also
sonetinmes call ed high-velocity oxyfuel) netal spray
process and the | ow pressure plasma spray (LPPS)
process are proven application techni ques that are
used in other circunstances. According to one
aspect, there is provided nmethod for repairing a

ni ckel - base superalloy article conprising the steps

f ovi di ' -base superalloy article that
BRﬂﬂﬁgggéwgbﬁhﬁgfbgﬁég%g&ﬁh3§ervice; and applying a
restoration to a surface of the article by the steps
providing a restoration nickel-base alloy
Flguret 1h‘é p Blopls Bow dipashy chypraferredangrogel Bhrrasisins ﬁfgeraffodtnﬁét of the method
ofmeﬁﬁéﬁﬁ ation nickel-base alloy to the surface of the
articl’e by a hyper-velocity oxyfuel netal spray
process or a | ow pressure plasma spray process, and
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awan&ﬁ%&ﬁ&&&ﬂnﬂ%ddtd%%e%&ﬁ@rent fromthe follow ng nore
detai | ed description of the preferred enbodi ment,
taken in conjunction with the acconpanyi ng dramnngs,

which illustrate, by way of exanple, the principles
of the invention. The scope of the invention is not,
however, limted to this preferred-enbodinment. 5

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 nmethod of the invention; Figure
2 is a fragmentary schematic front el evational view
of a portion of a gas turbine; and Figure 3 is a
cross-sectional viewon line 3-3 of Figure 2 of a gas
turbine stationary flowpath shroud assenbly and its
relation to a turbine blade; 5a Figure 4 is a
perspective view of a segnent of the gas turbine
stationary flowath shroud; Figure 5 is a bottom
view of the gas turbine stationary flowpath shroud;
Figure 6 is a front view of the gas turbine
stationary flowpath shroud; and
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Figure 7 is an enlarged side schematic el evationa
view of the gas turbine stationary flowath shroud
during the restoration process. DETAI LED DESCRI PTI ON
OF THE I NVENTION Figure 1 depicts in block diagram
forma preferred enbodi nrent of a nethod for repairing
a ni ckel -base superalloy article. In practicing the
net hod, the nickel -base superalloy article that has
Figur 8\d feupbotivieageiy bNa seginehcef thsgnambimdathtiosire floRPath Theud;
present approach is applicable to any operable
ticle. gures 2-7 depict the u of the nmethod in
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turbine stationary flompath shroud. Figure 2 presents
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|nterest The gas turbine 40 |ncludes a turbine disk
Figurel 2 it haenlagzefli skdedsahematicl elegttiinat viewt of the gam tebimshsédtionary

Iurallty of turbine blades 46 extend radially
ﬂOWP@ﬁtSWg dyring thi resIOBIOBREISFSHE of the turbine di sk 42.

A gas turbine stationary flowath shroud 50 forns a

DETATHRREbES CH P SON OFUEE IRVIEIGON he turbi ne di sk 42,
the shaft 44, and the turbine bl ades 46 turn. (The

gas turbine statlonary flowpath shroud 50 is terned
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turbine stationary flowpath shroud 50. A conbustion
Figurdd2prdse@y aSdmipli el igpichiomof fie: epvBmsSaiony f0d g8 8ibIhe 40

of the 313 turbine engine is perpendicular to the
ﬂlustrgﬂr@ﬂ;ﬂjo etchepenents nfinddredti @hp gapturbim 4hingluges a turbine disk

L] b fl
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2 i s supported on "a shroud hanger structure

stathI@asﬂQ‘wath siuosd 50 fermsrafuhneblise sinuotire duwhsb tarfdrbingediek 42,
the sh%fgg% eglglgdt?sseél%gﬁ% é'ggeagagsvt&rb%lefslta%mgary o%flf)ra eoud
50 is termed “statlonary’ 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 stationary shroud segments 52 that together define the cylindrical gas turbine stationary
flowpath shroud 50. A combustion gas flow 54 flowing from the combustors (not shown)
of the gas turbine engine is perpendicular to the plane of the drawing of Figure 2.

Figure 3 illustrates the gas turbine stationary flowpath shroud 50 and one of the stationary
shroud segments 52 in greater detail. Each stationary shroud segment 52 is supported on
a shroud hanger structure 56. The gas turbine stationary flowpath shroud 50 and the
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froma tip 60 of the turbine blade 46. In the

operation of the gas turbine 40, it is inportant

that the separation of the fl owpath surface 58 and

the tip 60, terned the clearance gap CG be within

specified tolerance |imts. During service, both the

flowpath surface 58 and the tip 60 are eroded,

corroded, and oxidi zed by the hot conbustion gas 54,
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present enbodi ment is concerned only wth

th
ﬂlus@ataonmmqﬂcb ke w@%@gn@gtof g capbinglsnios ¢e Higpp Arﬂ@pwts from
art

the sxg[fv gpp%shtg%g;)qq%§tﬁfa%%r S Iy H%’?ce eﬁg 7? gg t}lé#g&ﬁr%echanneés 62,

whil®Fighred iSCkRustAs 8 patk batte@PolimiShdl&sssl fiah 8btlom (Figure 5) and
‘ni ckel -base" neans that the conposition has nore

frontpélevationgr @epme 6) Waﬁwsanngm feing b 0 alsnhas internal cooling

' chamgt%lg gﬁ %as e]d%% lgé %Z gfae;})%?s%%lt %IHb% t 15 E&&c@r&eﬁ%‘iﬂs} With

the s&haﬁﬁ?; Qhrodd k&IAGRE2 aaa as€the hnbalemaa%@nz ged c as e, the
article is a nickel-base alloy that is also a

superal | oy and
The article such as the gas turbine stationary flowpath shroud 50 is most preferably made

of a nickel-base superalloy. As used herein, “nickel-base” means that the composition
has more nickel present than any other element. The nickel-base superalloys are of a
composition that is strengthened by the precipitation of gamma-prime phase or a related
phase. In a preferred case, the article is a nickel-base alloy that is also a superalloy and
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 thenium, about 6.5 percent tantalum, about 6.2 percent aluminum, about 0.15
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has a 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
tantal um about 6.2 percent alum num about 0.15 7
percent hafnium about 0.05 percent carbon, about
0. 004 percent boron, about 0.01 ercent yttrium
perceri dlafmae, mbaik &L.0%pacéntartion, eboutTheddperceitdoremtabat 0.01
previ ously been in service is cleaned to renove dirt,
percend Yitg e 6m£@L?F€§H%ﬁ‘ Toducts, and other foreign
matter resulting fromthe prior service, step 21. The
The arfib RIS bviNuShaeaR iy scipice T Ibala to Ritndvelnit] shgditiwn and
cleaning. A restoration is applied to a surface, here
corroston@rdductspmidfotlsn fireige nBger esultipg:fremithapior seraice, fape2l. The
.Sstationary shroud.s t B2, step.22. The
cleanii QP Yoy BRI B Y TpiR I R o1 i ng  a
restoration nickel -base alloy, step 24. The
A restbaBoPsabhRed tBlaGlBhedd B ) fieVpdtl st 88 aiflide article, here the
ni ckel - base superalloy that is strengthened by the
stationprieghirgid segivent B, siga?dn Theianpliestion step 3[2 dreldngndeserovifmg

a st MRS pFR 2 TR FOTEIT HERS b e A plFtGgoty
a nickPbRe bijRRalbg (MBI BrRDEERBd b Iﬂﬁeg]}[v?eéiﬁitatﬁjtﬁdf dHBiiRa prime or a

preferably no nore than 10 wei ght percent chromum
relatecaplthseroEhe sefaioabligkel-basn afloy praferablyihgh po prare den 15 weight

chrom.um The restoration,coating.has no.nore than
percen (RSP IO SRS 70 FPT LAY | ANE gl Ly 40ch moro

prefer%!gﬂ) Yt Blab) O'Wei%ﬁttﬂekdém lroium N dTRGE ﬁféf&_ﬁbl@ﬁﬁﬁﬁ 7t08
0.001 percent). f larger anpbunts of chrom um and

weighypdrednti thraméurpr Fbe mstdrafiqrheatieg hayna ot thaeabiontd-0% petyent

._as 20 per t, ch ' d Q.07 Eowttr] th
yiriorh g Grlpinbly SRS Y P YRRl end Bt e it PG, bt
If larde £ BB RGY of ShrofXindahi ?ﬁn\&int b Brdshig i Mcedof@6h cbfting, such

oles 64 that gradually plugs the cool'ing holes 64
as 20 jEencknt elromésn tdnb0.09 peiceny yéirinmg thewesiomiberytpating in operable, but

there 1§ MO RO e B HoLF SO P Bl e bERRLA Rives
the cog%%l{lolgs %4 R8s AR0BRoling 8P AW thrdugh@h&RNT chrom um

per cent maxi mum nol ybdenum about 3. 85
percent tungsten, about 0.02 percent maxi num
In a priefarad ieumpdmunhqws&r@@nm@lgh@mﬂwha%@mﬁﬂ@l gRuposition
in wei%ﬁtr geergént So!f la. cg:u% %1 Sgr%gﬁt c%béll?, 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. In another embodiment, the restoration
nickel-base alloy 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



percent tantalum about 7.8 percent al um num about

0.15 percent hafnium about 0.02 percent carbon,

bal ance ni ckel and inpurities. In another enbodi nent,

the restoration nickel-base alloy has a nom na

conposition in weight percent of 0.01-0.03 percent

carbon, 0.1 percent maxi num nmanganese, 0.5-0.6

percent silicon, 0.01 percent maxi mum phosphorus,
rheniin) 0D0P peent masixiumm selanitmpo.3 pErcén’c?meipmmpllatinum 0.01-0.02

chromu 2.9-3.3 percent _cob i Q. 01 percent
pem%mrﬁmﬂ%ﬁ;pfgrﬁ%ﬁ@wn%niﬂa%wae ¢ ﬂtwm?ggft g, Q1 peggent

G0 1L e 50 P D e 02

percdht BRRiMEHGRR, 0/0035 Puitesiahedinum nﬁgﬁespmﬁ CIHMIt pereetit IAImum
pl ati num 0.01-0.02 percent boron, per cent
oxygpm - Huppresnt B@RingHm nirogen,Pakmce, @WE@WI}@W elgpengs Q.5 percent
maxiRELSent maxi mum ni obi um 0.1 percent maxi num
AN4di um 0.1 per cent maxi mum copper, 0.2 percent
maxi mum iron, 0.0035 percent maxi mrum magnesi um 0.01
As s@al BeRigufaR] pdstoraRorg esating. T2 of diecceatorativni mitial-base alloy: 1s
nitro en bal ance ni ckel w th other elenents 0.5

therepfiqr apifed, sex Ponifrs PrestepaE fovRathistiace 74 by a ToBgrisloty grytucl
v GREEA el e 2 PR BB BRSSPty e

prefesidll TAABF drttddypray bﬁda&rs 1y £kaoii echniyiael applyivetaliix daelposns

spray PYOCESS or y a |0Mpr€SSUf€ | asma spray

in ofhepmgptestso g sfor rramply df-er rk RAEN GRS he4al WB%Gansciosure is
I

mcorﬁcr)&?e%sﬁg rgfeﬁenlé g\gfhe%: gﬁ‘?g XI%}H&SE gé a?%?i{%é(vglgp fl aé for other

apphE!ﬁIcﬁ@t The 23RrAidd,codilRSE hpbe ggilice in sy Opﬁfabtqa:hrcah@d tc that
by reference. The LPPS rocess is also _known in the

returag the dgpensians of thgysticle 5@ the Slr%\éalﬁlfés‘% Al PEieTablytapptied n
v i 5 0 0 DB D OBRERLE LR G o
from\WBbHEE06(Dtabotit 0.50PIehey. abl y appl | ed in a thickness
of from about 0.030 to about 0.150 i nches, nore
preferably to a thickness of from about 0.060 to

The sigsioneryohmod spamems 32 WS resiorsieRc)atue gaP SelfRdha pre gepair
flo ﬂtl lef&% f4e§;t1?%%ﬂae? Elegtg@%d qul.y}'%m?ﬁ? th@r g eltaﬁﬁ to diffusion

re-repair sSurrt ace ter eate
bondttBe festwitioncdoatiig 16 the Glowpatipmrfate sept28. Firéfbtablyothe stationary

shroud segment and the applied restoration coating 72 are heated to a temperature of from

about 2025°F to about 2075°F for a time of at least about 3-1/2 hours, most preferably to
about 2050°F for about 4 hours. The exposed surface of the restoration coating 72 is the
new, repaired flowpath surface 58.

The application process 22 typically overcoats the visible cooling holes with the
restoration coating 72. It 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

g



bond the restoration coating to the flowath surface,
step 28. Preferably, the stationary shroud segnent
and the applied restoration coating 72 are heated to
a tenperature of from about 2025F to about 2075F for
a tinme of at |east about 3-1/2 hours, nost preferably
to about 2050F for about 4 hours. The exposed
surface of the restoration coating 72 is the new,
aluminghing (€HA),| oppeess kuoviaoe tis8art. Thaeygupiiorn af ilenepnooesstal
.22 typically overcoats the visible coqgling holes wth.
coatifés at §popt 4 fhsnlIowRd ﬁtjft}%“?. 3% 15 Tpachijog aapag pgior o the initial
ar redrill the cooling holes, step 30. The
operaiSiibP R oheinl, ep 30, like the originally drilling of
the cooling channels 62, is preferably perforned by
After tiaesgplichtionlsiep@2 Mdtredriibng step 3hare compltmtretrepaired attickegwith
y.. be applied to, protect porti of the article.
restorps, diraepsios A OF5RIgSIFR 3%%&@3@%&?@@?@ @BprgAch may
LIkigR ¢ doflc ot Plire BDRAfeh R ALiIRLOb SR, it i t
lwlm?%ﬁ&?,lgﬁﬁ$%§L§§ ﬁnoﬁﬁéﬁh'fhe art. An; pérﬁ?%n %# ?ﬁgm
prefemblyi usod mbieteathe sewvidei tagpérnate deposhiph, onnthigh-fehpepatrh gas
surface 58 is machined away prior o the initi

« | o
turbings 4P a Sugh high seRdces igRAFatuiss hiprally ppt lessiheg ﬁ'?@{teléoo F,
and p?e%?rgﬂls' I{o?fg's%]hiajl%goﬁttlggﬂ‘gp are conplete, the repaired

artic Wt e |

e restor ‘mensions is returned to
: service, step 32. Although the present approach may
Thus,ben arield comprisésad hwkeltlmsanypsdion atcle dmy dnapreveualy been m
' .which the article i s oper.abl it.i.S npst referab
serviqys gy rSRtionaDRliFd fos w@%efﬁ&emcl?-s E(B%_‘E“‘ﬁ“i%i‘t@ﬁ{ is gadd of
a nickel bR Eﬁﬁgng PR BT thdt WF Stk DascUGRANoP rticle. The
‘ serV|ceg tenperatures are typically not ess than
restorabonitick 84 supendloyhes eo alvry thaotbdwds wdight patvout chromium

1900F., Thus, an.article conprises a nickel -base
aﬂdng&ﬁg?QPP&@OQH}QEM@Q@HBPCWE i ously been in

service, and a restoration applied to a surface of

The ptddht@pproGdtthas bBE FeBSdA 1 piabice 1BindaktepBferre@®approach discussed
ni ckel-base superalloy different fromthat of the
aboveni Ekgh-pileasec-surharaititonany shirohd seghnants pk dteoprafarmed substrate

- ni.ckel -base superal | as, no. nore .than about. 15 .
el SR CHRRGEAT OF BT  SIRE HBHBE ERASTALL GUE Fesrgtion
coatind®PUherBEHEE R th¥ kBB material after the heating step 28. The restoration
coating 72 machines well in the redrilling of the cooling holes, step 30.

The restoration coating material must be resistant to oxidation and corrosion damage, and
these two properties were evaluated using coated specimens prepared by the preferred
approach discussed above. For the oxidation-resistance determination, individual pin
samples of the preferred Rene™ N5 substrate material were (1) left uncoated as a control,
(2) coated with a prior coating material that had a chromium content of 20 weight percent
and a yttrium content of 0.1 weight percent and was applied by the HVOF process, and
(3) coated with the preferred restoration coating material by the HVOF process. The
samples were subjected to cyclic oxidation at 2075°F maximum temperature with 0.5
mach combustion gas velocity, and a heating cycle of a rapid heat, 5 minutes at
“temperature, and a rapid cool for 2000 cycles. The weight after oxidation testing was
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The present approach has been reduced to practice

using the preferred approach di scussed above.

Hi gh-pressure-turbine stationary shroud segments of

the preferred substrate nmaterial were coated with

the preferred restoration coating material. The

restoration coating 72 adheres well to the substrate

material after the heating step 28. The restoration
compeuwalt witly tikowergbtpngdo waidation teshpg.rtedieferinineg weighhloss. The

cool i hol es te The regtoratign, coatijng. -
uncoffgy aiet i iyeenb s BEOPSR epls: BrLerOr A (hoPesesfine
mateSATRAC Aigh 1RSI 0L WRIPEARR! hh@ ShVBlie cOi@ Yatethe present

usi ng coated speci nens prepared by the preferred
restompipn ozating cinaerird ded a alzighe losFof 010067 grams. The present restoration

.oxi dation-resistance .deter.m nation,. indgividual pin
coatis L P 1o DSRBHPR AT oNBAL i Pt GoiRlosy b the

WAL R dhl trd RGaat sshd@so. control,  (2) coated with
relanﬁégﬁ%lr {:nk]g{ai ng rratﬁgeri al ct’hat had a chrom um cont ent

of 20 weight percent and a yttriumcontent of 0.1

In thaveicglhtatqarocmesion aestingaigdixjxhial sanfilss aflike sdu@Rypesosarsed in the

..,and (3) coated with the preferred restoration
OXIdaelaattPﬁ(ﬁﬁPgaﬁ%fs AR o @ﬂ%@@ﬁé BIbEBELSs Yifee 2159 hppared as a
bascRr Ths piH S&IRL Qe ‘é%ﬁﬂsbg aPYIC0at tRN0Shinded RIVIEB D BUlBwing
_ tenperature wth 0. mach conbustion gas velocity,

combastibragasghtn erposgtios.4futac centintbtdre per miBuieiof galesolafion added

to theIRgHD S AR abe GRTAREPE At dem hrgionde Z0R0F B EPuc i hen
rapidfyRol@i 8th R whOgiQXl 8@ EyRiks LERT 1. _'&hﬂﬁé RER _S@fcio%ed

wei ght | oss. The uncoated pin had a weight [oss o
and ifypedeBmgtaiingraphibdlypi Theeftine dipmetet Joes wad ©014%athasdor the

.material had a wei ght | oss . 172 ans,. and the, .
SpecippRs R?a%ﬂf%ﬁWf Hreﬁwg amf%%n@%?%@f]%%s Toithe et gosted with
the pRBE Bbdtal AALHA W1YALy @8 HPOFGO08Y, HlaaiB428 iRhes for the

present restoration coating material had better )
uncodbed ghatinens.r Blsd peamd eppirdeach vididedotgneficastiyrbétes hotusadieporrosion

the relatively high-tenperature testing conditions.
perfopyanche accel erated corrosion testing, individual

sanpl es of the same types as used in the oxidation
Ammhgﬁ til DBtV CeRbSRAERMr BRANVAARANIRE tRER dSRTIEE Sn Rl for

al’'so prepared as a baseline. The pin sanples were
purposspafSHusteation,Aegisus modifativmandsnhanchiuchis @4y teinedervgithout
depar%gg o {I}i]ggp a%’ggtﬁgo%g&%ﬁqo%?e{grg{fgteg&c%()xgcﬁl?gllj% tﬁg Pr}vlen léne 1rssnot
to be limited except as by the appended claims.
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to the Mach 0.5 flow ng conbustion gas, then heated
to 2075F for 5 mnutes, and then rapidly cool ed.
Each sanpl e was given 200 cycles of this type. The
pi ns were sectioned and inspected
net al | ographically. The effective dianeter |oss was
0.0149 inches for the specinens prepared by the
present approach, 0.0286 inches for the specinens
CLAIM&oated with the prior coating naterial applied by
t he HVOF process, and 0.0428 inches for the uncoated
speci nens. The present approach yielded significantly
better hot-salt corrosion perfornmance. Although a
particul ar enmbodi mrent of the invention has been
1. - desethbdest rk dpmﬂﬁg ahlckEbase BafaRalfoRSarific bdthpisdifigibe@teps of
various nodifications and enhancenents nmaybe nade
wi t hout departing fromthe spirit and scope of the
prowdlngith@mk@hbasq@@mraﬁ%gmcletthfé hampremiausly been Wowervigs; apd
limted except as by the appended clains. 11 CLAI M5
L ! se superall oy
ammmnéaﬂ%@%ﬁ@%ﬁ%ﬁﬁ%?%gefﬁga@?%%&?%#hﬁ r%giding t he
ni ckel - base superalloy article that has previously
providitee restaratier niclodbasendloyathptepftlg a restoration to a
surface of the article by the steps of providing a

rest or at.i on nicke base allo hereafter
applying Gae RS AORBR I BRcraion HLrPa By Ronr g dr fhe
article lﬂj et Qeltogﬁy( S¥¥th&GRe s {.}epro@és% lof h @oWPYrsure plasma spray

veIo y ‘oxyfuel ne spr ay process or
process]| md-tpelesﬁerre pl asma spray process, and ther eafter
heating the article with the restoration coating

a ta.t ce h reof t.0 uffi.cie
heating JhG R L B Sreopli 48 Pt el =
sufﬁcmﬁ@f‘ﬁigﬁ% -rhidee t%%iff@s‘i@n Qond B eebhiigl &atidg toTﬂ‘L@ siEhdeas
claim wherein the step of providingthe
ﬂmnnumockel base superalloy article includes the step of
providing a gas turbine stationary flowpath shroud as

2. I.l"ge mth told%lf 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.

3. The method of claim 1 or claim 2, 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 peroent 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 mmpurities.

4. The method of any one of claims 1 to 3, wherein the step of providing the

restoration nickel-base alloy includes the step of

12



3. The nethod of claiml or claim?2, wherein the step
of providing the nickel-base superalloy article
i ncludes the step of providing the article having a
nom nal conposition in weight percent of about 7.5
percent cobalt, about 7.0 percent chrom um about
1.5 percent nol ybdenum about 5 percent tungsten,
about 3 percent rhenium_ about 6.5 percent tantal um
providigp the regontipe piskeltbasgpliny hwving negeere tomaboplelScegight percent
hafnlun1 ercent rbon, about 0.004
chro @gqﬁﬂlggwgg N o &bght yttrium bal ance

nlckel and inpurities. 4. The nethod of any one of

5. CiRi fiBthdd 'of ady onbesfeildimis et B ephedeidthevdtel 60 pidviding the
restoration nlckel base all oy -includes the step of 12

restoraiepicki¢lrhpse siéoyriasludesdhe sfspef ckel - base al | oy havi ng no
nore than about 15 wei ght percent chron1un1and no

pl‘OVldl.glg iics rteag ng? ﬁl I(el%a%; ?.1?0%@1%@% I‘X)tl}l(glje ?1]?‘192 x?&%ﬂ%%rc%ﬁt

one O erern

chromxﬁﬁﬂiﬂddioﬁﬁoﬂehﬁan ARt 0.0&peRntiteHal - base al I oy includes
the step of providing the restoration nickel -base

al | oy having no nore than about 12 weight percent.

6. dhedhethed ohaneonasfelaiman kbduvh efeﬂllﬂ’ﬁe?rt‘éibﬂf PiRvding the
reStQm&%%&E?%ﬂﬁ%‘?&goﬁq %ﬁé{s tﬁ?gteﬁf fgClaims 1 to 3, wherein

restoration nickel -base
all oy includes the step of providing the restoration
providing ake reshasi®orahicksl-taay iallgy Aaviogianadminelpospdsitom innweight

percent of abqut 3.1 percent cobalt, about
percentw%gtw BelnDETEHH b 2088 716 frgent SHEcuRpIm, Al s fnpercent

maxunﬂi?ll %Qﬁ%ﬁ&ﬂﬁn azﬂ)%ﬂ{ 3%53% %‘ﬁf Y’lﬁ'%%tehu%ﬂﬁlg her gé}géhtt 22 3@um

perce maxi'mum  fit

tltamumhﬂidutl mo6Saiimetnt Ghdmtumestoan .58 pdramn siliatug Ufbobt 485 percent
rcent tantalum, about 7,8 percent alun1nunb about

tantalug, 1@% SoretenhaltATiRpR. 2ot 1D Persepidifupn. akost BOA percent
Cwﬁongﬁgﬁﬁgﬁﬂﬁkﬁﬁﬁlﬁﬁﬂgﬂgﬂp”r't'es 7. The net hod of any

wherein the step of providing
the restoration nickel-base alloy includes the step
7. dthe method of any one of claims 1 to 3, 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 platimum, 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.
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providing the restoration nickel -base alloy having a
nom nal conposition in weight percent of 0.01-0.03
percent carbon, 0.1 percent nmaxi num nmanganese,
0.5-0.6 percent silicon, 0.01 percent maxinmm
phosphorus, 0.004 percent maxi mumsul fur, 7.4-7.8
percent chromum 2.9-3.3 percent cobalt, 0.01

8.  PaheeRthoe{iafy GheBl the estuding 3lafind viherdd@ He@Wp of applying the
tungsten, 5.3-5.6 percent tantalum 0.02 percent

restopaiiQR goRfngiipelpdasthe fewoB. 0 percent al umi num 1.5-1.8
percent rhenium 0.005 percent maxi num sel enium 0.3
percent maxi mum plati num 0.01-0.02 percent boron,

apphin®fhe pestaativn coatingwiors Zhiclkaesd efifrom 0.0BR-itkcht8 ((pRsmaanto 0.150

. . hafnium 0.1 percent maxi num ni obium 0.1 percent

lndxﬁ2%§WﬁHr vanadi um 0.1 percent maxi num copper, 0.2
percent maxi mumiron, 0.0035 percent maxi num
magnesi um 0. 01 percent nmaxi mum oxygen, 0.01 percent

9. neklienoetheidtofogenone diathe mrecedingkahinyi wiereihHbe sieberfdrasng

. . 5.perce xinmum 13 8. The net hod of o A
inchugisctrB Sledech HEREE Ahomertclin; IR TS gt SOESP H°C) to
2075¢@ 135°egtoration coating includes the step of

applying the restoration coating to a thickness of

from0.030 inches (0.76nm) to 0.150 inches (3.8mm.

9.~The thod of an ne of ..the,precedi ng .clajm .
10 Eheing P & e omgof 1B Presgaing i oxherl e BlsPigt beating
inclubd@atht REpt dTehcafihd headitleao teRRPANLE &f Gfont ROTIBG2HF/°C) to

%%1070 to ZOf%F 91135C3.q10. The nmet hod of any one
20753t (14 he'Cp fercadime gf @l leashabouhhdiehotrs.he step of heating

i ncludes the step of heating the article to a

tenperature of from 2025F (1107C) to 2075F (1135C)

for atinme of at |east about 3-1/2 hours. 14 METHOD

FOR HVOF OR LPPS RESTORATI ON COATI NG REPAIR OF A

NI CKEL- BASE SUPERALLOY ARTI CLE
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ABSTRACT OF THE DI SCLOSURE A nethod for repairing a
ni ckel -base superalloy article, such as a gas turbine
stationary flowpath shroud (50) having flowpath
cooling holes (64) therein that has previously been
in service, includes the steps of providing the

ni ckel - base superalloy article that has previously

SR Fp 5O AR LARY RESTORHER Sl iR ke
appl i ed by the steps of providing a restoration

ni ckel - ESTPERDE IICPS WAL EN

ni ckel - base gkﬁoy preferably has no nore than about
15 wei ght percent chrom umand no nore than about
0.01 percent yttrium thereafter applying a
restoration coating (72) of the restoration

' | - I o_1.he surface (74) of the article
ABSﬁgﬁéf(H§€éﬁjﬂ§dﬁ9$ék%xyfueI netal spray process or a
| ow pressure plasma spray process, and thereafter
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%he surface (74) thereof to a
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prev10€.1§15z%eeﬁ-)n service; and applying a restoration to a surface (74) of the article. The
restoration is applied by the steps of providing a restoration nickel-base alloy, wherein
the restoration nickel-base alloy preferably has no more than about 15 weight percent
chromium and no more than about 0.01 percent yttrium, thereafter applying a restoration
coating (72) of the restoration nickel-base alloy to the surface (74) of the article by a
hyper-velocity oxyfuel metal spray piocess or a low-pressure plasma spray process, and
thereafter heating the article with the restoration coating (72) applied to the surface (74)
thereof to a sufficiently high temperature to diffusion bond-the restoration coating (72)
to the surface (74) of the article. The article 15 then rétumed to service.
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