METHOD FOR HVOF OR LPPS RESTORATI ON COATI NG REPAIR  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 dinmension of the article. BACKGROUND OF
THE INVENTION In an aircraft gas turbine (jet) engine,
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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
Tubs 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 flowath shroud is increased.
Eventual ly, 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 turbine stationary fl owath shroud and does not
performwork to turn the turbine bl ades. Wen the gas
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either result in the same preferential oxidation at the cooling holes or in premature crack

~ initiation in the restoration that is propagated into the substrate.

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

related advantages.



-rel ated advantages. 2 SUWMMARY OF THE | NVENTI ON The

present invention provides a nethod for repairing a

ni ckel - base superalloy article that has previously

been in service and has its di nensions reduced. The

present approach is wused to restore the dinensions of
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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 to 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. After this application of the restoration coating is fully coxﬁpleted, the article

is returned to service, preferably in an application wherein the article is heated to a
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sufficiently high tenperature to diffusion bond the
restoration coating to the surface of the article.
The cooling holes are redrilled as necessary, either
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- ‘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.
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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 2 is a fragmentary schematic front elevational view of a portion of a gas turbine;

" and

Figure 3 is a cross-sectional view on line 3-3 of Figure 2 of a gas turbine stationary

flowpath shroud assembly and its relation to a turbine blade;
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Figure 1 is a block flow diagramof a preferred
approach for practicing an enbodi nent of the nethod
of the invention; Figure 2 is a fragnentary schematic
front elevational 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 flowath shroud
assenbly and its relation to a turbine blade; 5 Figure
Figyrq 4is& psespsgivetviareohd segment of theegprtnbing Btat1¢fe'1‘}gﬂl®vpath shroud;

tur bi ne statlonary fl owpat h shroud; Flgure 5is a
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restoration process. DETAI LED DESCRI PTI ON OF THE
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i,.nt rest The gas turbine 40 i ncludes a turbine disk
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A gas turb| ne stationary flowpath shroud 50 forns a
Figugrthpres¢ritke sshpli¢dudepictionvdfi thé réleeant pohione of iasdas 4@bine 40

sha t. .44, and the .turbine blades, 46 turn, (The, gas
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| the ts Ix ljlg E{é&éﬂh??ﬁ?%% r?g%g%mrﬁ U¢[’ﬂ% ggs tﬂlﬁﬁé &%ﬂéryf fio(wiﬁﬁ} stfn'oud
50is termed “stationary” and does not rotate as the turbine disk 42, the shaft 44, and the
turbine blades 46 rotate. The stationiary gas turbine stationary flowpath shroud 50 is to
be distinguished from the totating 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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of stationary shroud segnents 52 that together define
the cylindrical gas turbine stationary flowpath
shroud 50. A conbustion gas flow 54 flowing fromthe
conbustors (not shown) of the gas turbine engine is
per pendi cul ar to the plane of the drawing of Figure 2.
Figure 3 illustrates the gas turbine stationary

fl owpat h shroud 50 and one of the stationary shroud
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[ustrate one approach to the positioning of the
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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 rhenium, about 6.5 percent tantalum, about 6.2 percent aluminum, about 0.15
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the stationary shroud segnent 52 and not the turbine

bl ades 42.) The article such as the gas turbine

stationary flowath shroud 50 is nost preferably nade

of a nickel -base superall oy. As used herein,

"ni ckel - base" neans that the conposition has nore

ni ckel present than any ot her el enment. The nickel - base

superal |l oys are of onp03|t|on that i s strengthened
perggt ﬂlnémsneetrqﬂi O5i msce@ﬁ caeReehl PeYHreseenh borpny @petdyiol

L he article is a

pmﬁ%@iﬁ?mggg%ug ﬁéigéhu&ﬁﬁghlio a superalloy and has a

nom nal conposition in weight percent of about 7.5

Thegtickenhat habpilcviously betn ih Lrvipeiseioahed oy remouendirg aidatidn and
per cent  nol ybdenum .about 5 percent tungsten, about 3

COF{S’@IOQ erduptheinr gfher fomeign mattey rpwitingfror theHPTSAVigh Siep 28. The
cle %%%Eﬁ'efglag g%lﬁg&g%ﬁyc]%deo%ﬂrﬁéaﬁﬁ t hafnium about

ercen er cént boron, about
0.01 percent yttrium bal ance nlckel and inpurities.
A rdderatidd is aplidihat siidisce Plicey the Wiwpathesanfata 585 ef theetidls here the
cleaned to renove dirt, oxidatjon and grr03|

statigBi b ed ssaer e tep #-cil Bmapnlicelion step2d firsh @omdgﬁpf%img
a regforeﬁfonﬁﬁ igg% ﬂ%:? T’h?e re O%Qh%g(:ﬂeﬁb&%%ilgi ?s?ér)éir‘?rably

acc onplls I'on cleaning. A resto

a nicReldfapd hifpdrdlloy ahas iy sftmngtheﬂt&i’ 18y the@rédisivgiai lof gunfraqeindor a
of the article, here the stationary shroud segnent

relatsl pheses plisexestafasion piskrlchase aliowsereferably hasnampyedhgnbs weight

NPT O i
preférdbieho BRsEthan pe M&ﬁg}ﬁ)y&eﬂ;&&tchhﬁmﬁm and iroenaefebably fiem 7 to 8

precipitation of _ganma prine or rel at ed phase The
Welgbtsnemeat Fhepmamg kB'llﬂ 15eteEatign P@%ﬂl’rgrbéﬁ 8 #sre tham abows Oy rercent

vy And RS0 b sBREERo SHGTUTng TGS (BEGHELARI Aoens)

If Iafg@f ahallty onéhrémien bitbyttriin wel ;gﬁﬁenpmrtﬁefgsto@m@mdaﬁng, such
and nost preferabl%’/rfrom 71to i ght percent
as Z@memwmonpnm andd m¢e@hmm,|th@ren@§atlﬁ@ CHRing 1§ pgrable, but

therg d%% feggffncg If T oxh(gal‘?o? tv»ﬁg}ﬁr{n%'h? gﬂrgﬁ& 9%(%{n%gl?)ge%t% Xhat gBadufxlly plugs

the Qodlfhk Ws@%ﬂ redu'cés ha CeSlinga PO $hrohglt ﬂhéﬁam um and
yt trium are pr esent in the restoration coati ng, such

as Zo(gercent chrom um and 0. Q7 percent yttrium the
In amefenedembediment thegesteratiorpigktldaspjioy hap a neminal gomposition

in Véeiél?(e %Céérgl{ gtr l]ogﬁ gﬁiﬂe%%n%(%lﬁg %6 2.1]? 7%;#% qlt Sﬂtg)h{lglgld i .1
perécRfl UeESmiMe e DAIEMEn, AhBout | 085 tparcetig funghem) 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 titaninm, 7.6-8.0 percent aluminum, 1.5-1.8 percent



In a preferred enbodi nent, the restoration nickel-base
all oy 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 nmum
titanium about 1.65 percent rhenium about 0.55
percent silicon, about 5.45 0gercent tantal um about

thpngng 8088 percariumiviomwm seheninm ). perseptgranimpa Matinwm, 0.01-0.02

about 0. ercent carbon, bal Lbckel angd.
pRRBEbrrBJE0s EC B o L 20 H8 B Gt B gy 1 percent
makilied nibBmen, 81l Sitcdh@maRin AR WVRRIdER PP BérbéR thax indyRicefer, 0.2

percent of 0.01-0.03 percent carbon, 0.1 percent _
perestit mapinaemn grene 8 803D p&ent Gnaxamumtnagickingg 0,01 (pefcbnt maximum

erc maxi pum. phosphorus,. 0. 0Q er cent Xi mu
oBgrT 001 Prtcpnbingiphins AR euh PalaRcrickel 516 ios SRS 0.5 percent
m&@hkant., 0.01 percent maxi mum nol ybdenum 3.7-4.0
percent tungsten, 5.3-5.6 percent tantalum 0.02
percent maxi mumtitanium 7.6-8.0 percent alum num
Ag seenlingFigarecdm res®ratieanianting (72005thp gestenatiomasdkalibase alloy is

R RO g s, 7 WGP oA A 1 BOA R velocity oxyfuc
(v a8y ﬁeﬂiﬁ%ﬁ% gﬁ)%ssr@ftﬂri A -FredsuREpragnA s%lﬁ%&pm process. The

ni obi um 0. ercent faxi mum vanadi um ercen
prefexcediMYopgtal spray procgse isedaowmesdbmigue iforopplyhg0088llic deposits

o GeRon Rt Her BEARAREL Wi AR Sors 500 M rifisglegue i

in¥brbOrafidNSy rGLRABNT STHE. BPRSesdets idTBND M WwnAS: #RERt Iffr other
Figure 7, a restoration coating 72 of the restoration

applicitions. Bserestbtapign ceating (7@ memftieepphghiniasy ppatldp tiidnessac that
re-repair fl ath.surface.74 by a hyper-velocity. .. .
re%tﬁg fh e(n,gwagyg %tagfd%wrtg?/ ﬁﬁspgg é@g\e% lbu{){; 1sdpreteer£&y a;yphed m

2 thRWh R 88 FUFEARLAG DF0 RRILBYL 4 LS RLhd! RERSRefeld® to.a thickness of
preferred HVOF netal spray process Is a knowi

frome ebmit @uUS0fto rbag ). 0rigchwet al | i ¢ deposits in other
contexts, see for exanple U S. Patent 6,233,822, whose

di scl osure i i nc or.at.ed .ef erenc The, LPPS .
T 88 o SRR Tt HE e KPR SR fafpbLed & thepre-repai
AR SR3OS is m&%aﬁgﬁﬁéﬁfeﬂttb%rbu?ﬁcﬁ&ﬁtﬁ%i%@ tdFEperftBre to diffusion

applied in any operable thickness tc that Treturns the

boa{l therrsstorasion coating tathd Rdwpatio surfeee cbep 28 dPrefdrabdy, thdstationary
of from abo

it i f bl lied.i i ck
shigog e Ll WP IEgPs i oafis & i BB iR of from
abbfti D85S aBbut 2075M BPPHne O 3G8ast chﬁ*? 9442 Roukd AndsPEr&Sably 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
9



The stationary shroud segnent 52 with the restoration
coating 72 applied to the pre-repair flowath surface
74 is thereafter heated to a sufficiently high
tenperature to diffusion bond the restoration coating
to the flowpath surface, step 28. Preferably, the
stationary shroud segnent and the applied restoration
coatjng 72 are heated to a tenperature of from about
alyppiing GVRHYH 1 Prgess knpwin ig the . ofngportionsel the sovironmental
- r t. drefear . F for out.. .
cofink Bal Wibfies I e Ryl fllabe 58 15 RlCltbef P phfy TR e
op&@tbn 60théngiget he new, repaired flowpath surface 58.
The application process 22 typically overcoats the
visible cooling holes with the restoration coatin

Afiep thepapplication steb 28 aad rrdplimgstop 106re camplele, theespaions] drfigle with

. il s |ike e '
reel B S e g it st A Bl et dbproact may
be pE&f i@rélblion topdk servitedelaperhmsest viltith theRgticldRRoberablel i is most

an environnental coating may be applied to protect
preferpbly awed whererbe garvice fesnperatie ie Medyloghnes imhish dempergfutesgas

[ gal di ffusi al um ni de .appl.i-ed apo h 0
rorHE 6 ¥ shadhe® RafichleR 8% QB o s RO PR,
m@ﬁfefdrﬂﬂyﬂf)t lehethenybdu@noettal  coating that deposits on

the flowpath surface 58 is machi ned away prior to the
initial operation of the engine. After the ) )
- Thyg, 3niagtigle spmpriess axickahbasectippiallpy grticlecthatiipes previously been in
t | i cl ith ,restored .. .
sergfelRin B hearbiifoh FRFIAA atrade f L ey, AW SEipion isgpade of

a niidkel-pase sadrad@pdideednt FBjh thBeofse Aidkel-bRkE slpeRilldyCarBElY. The
~service tenperature at which the article is operable,

resfaration mekel-bagersuperpley Yasipoarorgieancabone] sweighirercent chromium
.S avery.-high. as ihn high-tenperature gas
and FBRAEHA B QYo B BiseT el e mper ot r es. ar ¢

typically not |ess than about 1800F, and preferably

Thépiiesdne sprodea hagbey redh8&DM pratlivSusimintha picfdted afHORH difSssed
a ni ckel -base superal |l oy article that has previousl
abqyse nHigh-Prewpig- mebing flgtignare shropd isegmentp off iteai prefereed substrate
LS f . i . oration js. of . a..
5 855 e R g P R 45 ghoion

coding B2 hdteasavaip eicdubsatahbiefd] @fterthe hedtidg b@p 881 The restoration
ni ckel - base suBeraIIo has no nore than about 15

coafap Jhmaskinee welldm thsredniing afithe soplngbalematenBBut 0. 01

wei ght percent yttrium
The restoration coating material must be resistant to oxidation and corrosion damage, and

ma

e

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 R_eneTM NS5 substrate material were (1) left uncoated as a control,
(2) coated with a prior éoating material that had a chromium content of 20 weight percent
and a yttrium content of 0.1 weight percent and was .ﬁpplied 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

10




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 material were coated with the
preferred restoration coating material. The
restoration coating 72 adheres well to the substrate

mat erj al,, af t er. e. heati ng,.st .28.. The restoratjon
cofafd o 3 bt St e e PG ar vk Toss. The
ure6ftbd Peh Al £6reioht BBs 3@0.05@%{&%} ik ?ir_i O8ut&PRith B prior coating

material nmust be resistant To oxidation and corrosion
mafgrialgead anweighthlese of Wol 73P ogrems, asd wer pinevaladatvitt the ipmesent

oat.ed speci nens .prepare t ferred, approach
regipige sal T apga e Bt b s fraal § O Twam: Ahe alescn retoration
iran, . . _
AR AT IR LO0) 1B SITBL I, B By ot e

relatively high-tasiperabwatesthg condtjonsoat ed with a prior
coating material that had a chrom um content of 20

i ght rcent . and.a yttriumcontent of 0.1 weight .
In i XerlpId o gon st andiyicplsamise of fhscawi bngnas pedin the
. o e . O
OB B AP LADISC I o
bagglioki dhe pindramiplas vere @Qposéd atd 7DOTMbT Eomémats to Matht(hs fowing

ol e e e S A DI B b BTG g gon added
to 8RMadH08.5 2806 Hostion £R, fﬂ%frl] ARl te Pl Ry ﬁ?xfog 3t)iffkes, and then

testing was conpared wth the weig prior to
rapdly daelednEschsainply, was@idat200rycles of thisityyiet Tho pins weikesectioned
ncoat e in had.a wejght_loss of 0.0083 gramns, .the
a“% i“ﬁp%%%if %M?W%%Qyp#ﬂs?ffm? Argnetandess Mas 0-044 inghes for the
- spih&RpréfaRd b?fm@prés%ﬁpapgfc%eﬁ;&@%g ihdhEs Bk ﬁe%ﬁ&&ﬁgnsvgc)&@ﬁ with
the present "restoration coating material had a wer ght
thd paer ofatiGg GQBetiajappied T ehepHASHN pracest and0i0dNS inchat ifigthe
material. hadsﬁetter oxi dat.i gn rp(?s_i st.ance than the .
umzﬂﬂ#@rsps%wse e prgent approach welded dignificantiybeitarigbsalt enm@sion
- peff&®idnBg conditions. In the accelerated corrosion
testing, individual sanples of the sane types as used
in the oxidation testing were prepared, and uncoated
Althpwgls apatteylanembodingmt pf ¢paimdnton has Ieaalekdribed Thalepiiinfor

oS SRR S 3 b o

defa®itd ﬁ@ﬁ‘l%ésgﬂﬁf arfd! oﬁ;{)eeoﬁﬁe ffehtiiP! Aldo? g_%?,g@g tng;egﬂ%ﬁ not . |

Mach 0.5 flowng c ustion gas, then

to HedimBedexvepies bydhalagperded daipisdl y cool ed. Each sanpl e
was given 200 cycles of this type. The pins were

. sectioned
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and i nspected netal |l ographically. The effective

di anmeter | oss was 0.0149 inches for the specinens
prepared by the present approach, 0.0286 inches for
the specinmens coated with the prior coating nmateri al
appl i ed by the HVOF process, and.0.0428 inches for the
uncoat ed speci nens. The present approach yi el ded

significantly better hot-salt corrosion perfornmance.
leﬂp&%ough a particular enbodi nent of the invention has

been described in detail for purposes of
illustration, various nodifications and enhancenents

may be nmade without departing fromthe spirit and
scope of the invention. Accordingly, the invention is

I. 'noA method forlrépaintingria mickelfiasasupbyalloh artkbpengeding the SEps of
11 CLAIM5 1. A nethod for repairing a nickel-base
syperal | rticle conprising the steps. of | providing

providyhe {be chcke-base svnes Yaﬁﬁl?ﬁﬂ&? hasrevippsly beradn serigeotnd v
been in service; and applying a restoration to a

applyitg b 3&RorRfiod 88 QFhESOARL Yt providing a
PP I?eét orati 0?1 ni ckel - base gﬁcoy,ﬁ?ﬁg@ggﬁ er applying a -
restoration coating of the restoration nickel -base

proviglingy resigration rickel-hese allby tthereaftart i cl e by a
hyper-vel ocity oxyfuel netal spray process or a

- ssure npl.as spr .proces ang thereafter
ooy LR PURE PR iebenBh RS Ehast Pl BORE PG or the
articRblal [BPeil-Golbdiey Gyl aRtdl @gxras» Qocess & a PHLirbGhRhomd ¥ty

tenperature to diffusion bond the restoration coating
procgss, anddbayeafieice of the article. 2. The nethod of claim

1, wherein the step of providing the nickel-base

. .article ipcludes th f i di
neat 6 SR b bl i RSufoR L RERY Bitee o
suffidentitd ghiindieehi@t t6 HiFFudioh Band EheloritioMasstRigho Hfbes@ita@@of

of providing the nickel-base superalloy article
the aftigld. udes the step of providing the article having a
nom nal conposition in weight percent of about 7.5

2. Sgi;}gegﬁ%th%% ?{/’%%ﬁéﬂnb%]ﬁ%gti% i pgoré’r%gch%jﬁiiﬁg BTN 2R WU erdnsy
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 cdmposition in weight percent of about 7.5 percent
cobalt, about 7.0 pei‘cem chromium, about 1.5 percent molybdenum, about 5 percent
fungsten, 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.

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
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tungsten, about 3 percent rhenium about 6.5 percent

tantal um about 6.2 percent alum num about O0.15

percent hafnium about 0.05 percent carbon, about

0. 004 percent boron, about 0.01 percent yttrium

bal ance ni ckel and inpurities. 4. The nethod of any

one of clains 1 to 3, wherein the step of providing
restoration, nickel-base alloy includes the ste

th
Pfﬂvcs@lgg thegeeiombempickibasealioyhaying po mlosk dan Bheys 1ameight pgrcent
chrdd@Hihde HBE §hddd Eu‘a‘?eﬁbﬁ%gﬂﬁ%gﬁt percent chroni um
an apou . perc

no nore than ent yttriumb5. The
net hod of any one of clains 1 to 3, wherein the step
5. of Theauétbodgf ting one of chuirat 100 3)i wheetintas etedl dfroviding the
i n¢ludes .the step of providing the restoration '
restoraiqipnickel-baseglloyyneludqs tbe #tep oor e t han about 12 wei ght
percent chrom um and no nore than about 0.01 percent

Wdihe | ioRiad £ | i

o TP B,y SRy ALY i e

chromicikeind na swora anyaboumd). ¢dpscénbgttsi:ap of provi di ng the
restoration nickel-base alloy having a nomni nal

cogpositjon jn weigh percent_of abhout 3.1 percent
6. coﬂgF t‘{*et%%gaf any Bnepef Eleps cC!HtP ohithereiabe step of preyidingtthe
restdFRITHEIBAARY WRIuARRM sich G0 Percent tungsten, about

0. 02 percent maximum titani um about 1.65 percent
rheni um about 0.55 percent silicon, about 5.45
provpgting gret restoratioal nickel-bhwpudlloy. 1@ vper £ aomirel eoinposition o weight

poreg O fBEu . oo 0o b1 e PepeR SR cRbost Ocgrpreent
max@fin Sholgh BB, Ibd@ 385 LR tinddie SHER (nge %E%Ehtdﬁlgﬁmum

~ the reStoration nickel-base afloy 1ncl e step
titaniyim, mbovi Hbohgetchrt thesitior, abowr).56 pérednt iZenahbony Shisvpengnt
. noni n conposition in weight percent of 0.01-0.03
| taﬂ*ﬂ@‘ﬁ?‘aﬁ%ﬁ%}’%ﬁ{“ e B OrtePeFRSRt dPigah bt Og)2semceyt
carbBE BaBALe niskdl ah®inpicRd, Percent maxi mum phosphor us,
0.°004 percent rrax? mum sul fur, 7.4-7.8 percent

chromi um 2.9-3.3 percent cobalt, 0.01 percent naxi num
7. noTldb dethody of3ang- eneOof glemcsehtto Bumdstedn thebstdp bf Grepadiogrihe

t ant al. 0.0 ercent maxinymtitanium 7.6-8.0
reStOBaSPBéﬁ#(%]éP%?ﬁiaﬁﬂ‘?dnci‘%dgg fegtepdicent rheni um 0.005

per cent maxi mum sel enium 0.3
© 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 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.
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percent maxi mum plati num 0.01-0.02 percent boron,
0. 03 percent maxi mum zirconium 0.12-0.18 percent
haf nium 0.1 percent maxi mum ni obium 0.1 percent
maxi mum vanadi um 0.1 percent nmaxi num copper, 0.2
percent maxi mumiron, 0.0035 percent maxi num
magnesi um 0. 01 percent nmaxi mum oxygen, 0.01 percent
g i, rum.nit rfo en, w{otﬁl ance _nickel with other elements
- 0. 5 5&thagof . P o the pregedingelaims, wheresk tha sigp efepndying the
restérBforPéRGRS iftehdel fleMop ¥herein the step of applying the
restoration coating rncludes the step of applying the
restoration coating to a thickness of from about 0.030
applyimg dhroestondtidrb@ating testhickBess B foneibbaic). 050 18 ABowtvel 50finches.
the preceding clainms, wherein the step of heating

9 i ngd ude td;e step of heatin.th?,article,toa .
o BE PGS asnp S8 RrecstmereTeigisapberein Sisiep of beating
Incl RS e R e ARRIC o 4 BEpREREE Yy Byl D025 ol

207%Fticle to a tenperature of from about 2025F to about
2075F for a tine of at |east about 3-1/2 hours. 14

10.  The method of any one of the preceding claims, wherein the step of heating
includes the step of heating the article to a temperature of from about 2025°F to about
2075°F for a time of at least about 3-1/2 hours.

14



