2.9 JAN 2004 REPAI R OF SI NGLE CRYSTAL NI CKEL BASED SUPERALLOY ARTI CLE
BACKGROUND OF THE | NVENTI ON The present invention relates to a rretzngAﬂfzum
repairing single crystal nickel base superall oy conponents such that
+mechani cal property degradations are mnimzed and repair joint strength
is maxi m zed. Superalloys are used for various conponents in gas turbine
engi nes wher e e GONMPORERESE af ey SDEPONSAKED BAGHD tsurpRRat.uy eSRT BaXk
pressures for extended periods of tine. Atypical application 1s high
pressure turbine vanes, where the tenperature of the conponent can rise to
about 2000F. Under these caongikbre08p dPerGoTReRRNtonS expected to retain
its shape and strength | ong enough to provide econom cal operation of the
engi ne wi t hout THRJBEGSERequBifntdepvies26¥s tépral8RBRAT °F g B At s.
Typi cal l'y, s siper allgya companants shaygpbeen 4y edupetehls U&FIda@n casting,
whi ch provides a near-net shape conponent requiring only mninmal machining
oper at i ongnadiandgeh Proapgrtoisirgdpat¢oh. 20 %Pémiééda@’eﬁ/tliwalr pPefRkct i on
for the nmaterial fromihg hgh tenperatures and corrosive environment due
to combustion g:&ocesses, a protective coating is comonl appl i ed.
Conponent s wi t Bupdeqldoes prioparsedefof oyarrusdesmpedentpplii cts dusbhave been
successf ul nr.qd 1 t tm\})ﬁ; t her LAg cycle
i ncurred aésryqﬁglret% gﬁggﬁ:{ﬂ%o%p%g%%}gcgég% ich Pg 2%%&% ve Ij%etgtrbg
preci pi t ataroh treatsureseftneantesfdeghpensedastt rameri ab. ty¥iedl ext ended
service, s .of .t.hese_c Lpcur q%p’q,g du ion, thermal
nmechani cal atl%gﬁggﬁngﬁclg% rarg%iu'ﬁg g%ﬁhéjé by%ieﬁé ??%ﬁ%g{?cycl i ng between
anmbi ent antemmpertatiengft enperapynest oan cris tonhbet cARBES -t hBnd¢¥ f oi |
portions of, the . s 1,0 e; platfQrmpeptions: of; &
conponent %}bestewcs%?]gg\%g§g%?oérr}11et %%wpgé?%lgiln%l%c?%t{g}jogé,fwt rpIlts @ﬂape

and strength long encugh to provide economical operation ¢f the

engine without unduly frequent service or replacement
reguirements.

Typically, superalloy components have been produced by
precision casting, which provides a near-net shape component
requiring only minimal machining operations to reach final
configuration. To provide additional protection for the
material from the high temperatures and corrosive environment
due to combustion processes, a protective coating is commonly
applied. Components with adequate properties for the desired
applications have been successfully produced with no heat
treatment other than the heating cycle incurred as part of the
coating process, which is effectively a precipitation heat
treatment of the as-cast material.

After extended service, some of these components incur
damage, due to erosion, thermal mechanical fatigue-induced
cracking caused by the frequent cycling between ambient and
operating temperatures, or creep, which causes the airfoil
portions of the components to bow or the platform portions of

the component to twist away from their original positions, with
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2 9 JAN 2004 a resultant change in the operational characteristics of the
conponents. A nunber of nethods for repairing these conponents havg JhR&rR004
~ devel oped and used. One such repair nmethod is illustrated in U S. Patent
.Nos. 5,549,767 and 5, 922,150, both to Pietruska et al. This nethod for
repairing cobalt-based superall oy gas turbine engi ne conponents conpri ses

applying a mxture of a base alloy powder nd,a base_all oy pog r wth a
ol ng nd resiEbFRl e e aP PR e o KR e R S P oneli ng at a
t enper at urg@mppnehes . r amgeundfe 2 250het bo@30r trepdiift-inget hdee MRIndongnpei nt

depressan%ﬁwkzgggﬁ{ ﬁ&ly |n{%ﬁ®h§§§35e alloy. A protective coating is then

appli ed, e which ages the base material is

used. U S. Patent MNoch5SrahliBaRthedPiet { Uska eltedl ini | gIstsates &osiet hod
for restoringéthe mechani cal properties of carbide- containing cobalt-based

super al | oy gas ¢ 8/ bPRe entadrd "CcoRPbheht stietfe skt Rbd2+ ncl Ues "€5Pati on

heat treatfidid rbadrih§nBesAtR skl gbgefmg;e; g]faSZ%EiQEirtl@ &3PGfe for one to
twel ve hours to dissolve conpl ex carbides and aging at approxi mately
1965F to FPPSRNEBESt GOMROIISRe PP YoDP AJUYCUIBr &2t hpee repda somger

non-si ngl erer ¥sbakeNitk@) hasRr YRR &l hOM GRIPINEEL Sepseskift GRS chr bi ne
engi nes are typlcallg acconpl i shed using a heat treatnment method that
re-sol uti Wsiere °hl thg TPRESHte2RE Rerhiid &l aptepeeyt Webiits that t he

sane time,rhfies oReaps§TealmeRboas Y @9 rFBXE MR A ftUsigOBoht { B r JLRALT
zone without "any incipient nelting in the repair zone or the base all oy.

Thi s met hd@otdegnpoty | yRLT dhandassi agley cr ystRaloteqtéke| coulsiaw swpshan! oys;

however, f05,19R9! 8uel¥$tdli i GKekarhAged, SUPEMALHhOYSes LIS YIRINOd resul ts
in significant recrystallization that greatly reducés fatigue properties

and al so"eésgies ih wsedverdi ffused repair zone with |ocal areas of
melting. 2 U.S. Patent No. 5,741,378 to Pietruska et al. illustrates a

method for restoring the mechanical properties of carbide-
containing cobalt-based superalloy gas turbine engine
components. The method includes solution heat treating to a
temperature in the range of 2250°F to 2300°F for one to twelve
hours to dissolve complex carbides and aging at approximately
1965°F to 1975°F for two to twenty four hours.

Braze-type repairs to non-single crystal nickel base
superalloy components used in gas turbine engines are typically
accomplished using a heat treatment method that re-solutions the
alloy to assure no mechanical property debits. At the same
time, this heat treatment assures maximum diffusion of the
repalr zone without any incipient melting in the repair zone or
the base alloy. This method is effective for non-single crystal
nickel based superalloys; however, for single crystal nickel
based superalloys, this method results in significant
recrystallization that greatly reduces fatigue properties and
also results in an overdiffused repair zone with local areas of

melting.



29 JAN 2004 Thus, there remains a need for an effective nethod for
repairing conponents formed fromsingle crystal nickel based supe? @l JAdy8):
- SUMVARY OF THE | NVENTI ON Accordingly, it is an object of the present
invention to provide an inproved nethod for repairing single crystal

ni ckel based superal |l oy conponents so as to mnimze nmechanical property
degr adati ons. LS t .0hj ec r k i ta. provide a
nmet hod as abovgh\?\hfcﬁh%i%%éggj %i %?gétéﬁggh.%§$ﬁgt¥g¥§g%¢% of%jrects are
att ai ned berehieingt hodpoiertye fopmedefton migrgliconrybhadcevrldaindesedt h t he
present iny rétriag’fo method for repairing conponents formed froma single
crystal nicKel sé superal l oy broadly conprises applying a repair all oy
to a single crystal nickel b2gethrRUEEr GHEOYNEENDEMENt to be repaired and
heating said c onent and .sai.d applied repair alloy 1o a tenperature that
avol ds recr yst AFFORRtTEN ard rEpant O34RE" {ndif BRESRRT t1HE BT Thesi ngl 6
crystal nipdeslideasadispperad m@thodl fioa fépsiriembedhobatcofstdie mietkkdd of

t he prese%i ré;/enti on t he heati ng ste ctorrpr.i ses_heat ;greati ng the
conponent B¢ REPCERDI PLFTERREP TRl POy* 2t A "HEPEFEL UFE ' %He range of
from aboutpr2b28F Hegaboadichd/5F, preferably about 2200F, for a tine

period in the range of frqm about 5 hours to 24 hours ref erabl y about 10
hours. Fol | owi 1§ R&afi hyF thdte o%éﬁﬁﬁnggtt}?% PLESSnGI §7n3‘8’61fjg%ln ard B jlg& ed to
an agi ng t4 eaitmedt asl abeve aanitth aaRodi pentofntt Berprgsent i nvention, the

heating step conpri_ses heating the conponent the applie epair all oy
to a tenperaturés ﬁofﬁ%o’rré‘?]d’é’%ﬁftﬁ Sﬁ?aﬁ%ﬁﬁl%g’# tﬁ‘a %%Bﬁ?gﬁ%d%e
pref er abl yoaheu: 2800ftidwl ding the conponent and the applied repair alloy

at this tenperature for a tinme in the range of |less than &lﬁ)&jt 30 m nutes,
preferably 15 mPnGfESTIdRCE 8 A BF §° Tl iMGHEHE™ ¢ oftpBh atd the

applied repfidiring components formed from a single crystal nickel based

superalloy broadly comprises applying a repair alloy to a single
crystal nickel based superalloy component to be repaired and
heating said component and said applied repair alloy to a
temperature that avoids recrystallization and repair zone
incipient melting of the single crystal nickel based superalloy.
In a first embodiment of the method of the present invention,
the heating step comprises heat treating the component and the
applied repair alloy at a temperature in the range of from about
2150°F to about 2275°F, preferably about 2200°F, for a time
period in the range of from about 5 hours to 24 hours,
preferably about 10 hours. Following heating, the component is
rapidly cooled and subjected to an aging treatment.

In a second embodiment of the present invention, the
heating step comprises heating the component and the applied
repair alloy to a temperature in the range of from about 2250°F
to about 2350°F, preferably about 2300°F, holding the component
and the applied repair alloy at this temperature for a time in
the range of less than about 30 minutes, preferably 15 minutes

or less, rapidly cooling the component and the applied repair

3



3 2 9 JAN 2004 alloy to a tenperature in the range of from about 1950F to
about 2075F, preferably about 2025F, and hol ding the conponent and§ fANEIN
applied repair alloy at this tenperature for a tine in the range of from
.about 5 hours to about 24 hours, preferably about 10 hours. Following this
heat treatnment, the conponent is rapidly cooled and subjected to an agi ng
treatment. . \Qien cdet aLhse of ¢ 1Re hepaLlr (IRl Dot of JLhey P espiioep! pyeid an, as
wel | as ofherhgbfects a%%ggaianﬁages a%té%dant r?hereto, are set forﬁﬁnin
the fol |l owdG¥P Het mi¢faradycebptit 0?02Nd, &hé aekbimmarmtiengorpanemtysnsher ei n
i ke refergnc a iot, . |iLke . F PT| THE
DRAW NGS PTG PPidcd %ﬁ%%lglﬁﬂiaglrlc?d’r Sghtg%%v?% éarﬁggﬁgi ?ge)gs%c&alc 4 9# tQES
buttress paartgeor fof ramcamponentiouEsG o 2abhsuta J3hbbons er pge bptakdiyowbngt t he
repair of er oded face wth buil d- of approximately Q.016 inches;
tnd FI G 310 S8 ot S LT vt tof T&aF et T Sige £8of PHE Rdlce “oaf t er

engi ne t estarshidy ngel bdt andesuwtrctaddt ngarecatiingg tandtmerepai r nmaterial are
fully intact. Al LED, CRI PTIL.ON_OF THE PREFERRED ENBODI MENT(S) The use
of single crys?%ﬁeﬁigﬁg?l:%éggxgﬁpé?gff%y@??ﬂﬂAEggrLa?np%%%ggbations in a
gas turbi mmwengiine, sscheBs d0othee obj¢sts andl secandagsage Hurglanpr essur e

turbine (HRT) vanes, is  highly.desirapl e because .the material has goqd
rechant cal - SreSger eF8sSahat ST it FPRant FETIG DRCBLT6T ChE Caerdonyand

envi ronmenthd reoepbhyinel dtadnige wWhereomblistd arfpteses snunenclrie idegich t he
engi ne. However, the operating conditions are sufficiently severe that the
material r Fe§™588Pti onal protection, in the formof a protective

coating, to provide the service lifetime required. 4 2 9 JAN 2004
BRIEF DESCRIPTION QF THE DRAWINGS

FIG. 1 is a photomicrograph showing a repaired crack in the
buttress portion of a component;

FIG. 2 is a photomicrograph showing the repair of an eroded
surface with a build-up of approximately 0.016é inches; and

FIG. 3 is a photomicrograph of a leading edge cooling hole
after engine test showing that the surrcounding coating and

repair material are fully intact.

DETAILED DESCRIPTION OF THE PREFERRED EMBOLDIMENT (S}

The use of single crystal nickel based superalloys for
certain applications in a gas turbine engine, such as for the
first and second stage high pressure turbine (HPT) vanes, is
highly desirable because the material has good mechanical
properties and a significant resistance to the corrosive
envircnment inherently related to the combustion process
occurring in the engine. However, the operating conditions are
sufficiently severe that the material requires additional
protection, in the form of a protective coating, to provide the

service lifetime required.



The coating which is applied to the conponents such as the vanes is
typically of the MCrAlY type, where Mis selected from the group 79 JAN 2004
~ consisting of iron, nickel, cobalt, and certain m xtures thereof, or of the
~diffusion alumnide type. A typical application of the coating includes
steps of applying the <coating material to the surface of the conponent,

either in the - , r.w . Vi I j S tiQn at
treat ment, andTﬁga{’;(?%%lrf%r hg'lctﬁ.%hé\rél1 %gﬂflﬁ%ﬁcrds%ﬁe égggtghigg%r—‘%ég} a%t ﬁgglv[)r Al'Y
t ype coat ivageeor ifotyRécdioly off ghet HerallY fugieon whakrenini les¢ yqud ecodtrbng t o

di ffusing. .the coating |layer into.th ubst.rate erial,. After a
signifi cantthel igffg %n%‘?n?%gletslé]gcgépégﬁgﬁt sgjfér)keeqllJer(ftoP%%Eéxf)g?i Ehce et ri nent al
ef fects, mipitcakkbytherdedie foor mfotheedbfiwniort kdumihidectewe cald typical

fatigue-i ndw[ied grackipq:hdeue to.the. tng&)eratures cycli ng%enc ntered in
normal op&PEr R O ant BifgiFTE I8P Pt HuS S R BRPERHREY Yhosure time
at el evat edattagpestéid £S.tclhdepbaeesse fof tiepaiompbgehhesei s iqorpenent s
conprises adding a repair gmterial such as a.repair.alloy to rebuild the
eroded ar &35 <8ftt Ak tonporterit? 2oPLEE* 1T YiarPHlﬁgchS&RJEl‘?%r}?Féacf as

di scussed talka¥RenPty i &fd tieaddighgothei t epai fouratheniral at abboutletw@d’r pf &€es
such as baffles, covers, etc., are renoved. The _conponent . be grit

bl ast ed arfdCoMCEPEANEYRE tSAATRY $Ti A°h 2hydged °F GBFi et ht here, to

renove oXiddesinAltetyst eadtithg thedi epasindTedirs icak th Sgadgesl i httcheéntor m of
a powder, a tage a gai nt, or a paste. The repair material preferably
conpri ses S¥OSIt AbeoPatSHickel based al oys - the first being a | ow

mel ting tenperatuee Hi skelibased biaztnge Aldse avgpbhenseconseitng a high
melting tenperature nickel based alloy. In a first regai r alloy blend, the
first niclaiPegasage artoimertad SSERETPN BWYREGRIE Yo "48he 53Tk and t he

second ni ck&lsioRasede hd Dind hai@SeNkat NgwefialtdR af c49ckihd aMPotd ARha
second repair alloy blend, the first alloy is present in a range of 39 5
temperaturég cycling encountered in normal operaticn of an
engine, or creep due to the extended exposure time at elevated
temperatures.

The process for repairing these worn components comprises
adding a repair material such as a repair alloy to rebuild the
eroded areas of the component, or to fill in the cracks formed
as discussed above. Prior to adding the repair material, all
detail pieces such as baffles, covers, etc. are removed. The
component may be grit blasted and/or cleaned, typically in a
hydrogen fluoride atmosphere, to remove oxides.

After cleaning, the repair material is added in the form of
a powder, a tape, a paint, or a paste. The repair material
preferably comprises a blend of two nickel based alloys - the
first being a low melting temperature nickel based brazing alloy
and the second being a high melting temperature nickel based
alloy. In a first repair alloy blend, the first nickel based
alloy is present in a range of 49 - 51 wt% and the second nickel
based alloy is present in a range of 49 - 51 wt%. 1In a second

repair alloy blend, the first alloy is present in a range of 39
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2 9 JAN 2004 - 41 wt% and the second alloy is present in a range of 59 -
Ww% In athird repair alloy blend, the first alloy is present in agd%@@&
~of 29 - 31 wt%and the second alloy is present in a range of 69 - 71 W%
In a fourth repair alloy blend, the first alloy is present in a range of
19 - 21 wt% and the second alloy is present in a range of 79 - 81 wt% The

first nickel, .based_brazi allay in the rep air | o bl end pr ferably
contains from & %guf‘n%a}éh %eéz.og%mfh%?% rlosmpurﬁsenﬁﬁ?n %bo i9e of tg 8.5 w%
cobal t, fnes.abaut a3tiWbrd Q:e4>a25 Wl Yoy thingst,enhef fmmabﬂmoyl 1&5presén®5 wt %
al um num from about 2027‘8 t % V\%%hbor on, from about 75 to.1. 25mt %
haf ni um up' o **886uf 15 (’71: aP BN P8 0. 1D R/ﬁe% ndAnse, up

to about &nlR wif%ssilrii:pmt%up ta abpsirth Qbﬁ;a\ﬂlk‘yaph@ﬁpﬂ@rws,thupfiﬁst about
0. 015 wt%sulfur up to about 0.10 w %] ron, g 0. 05 wt % copper,
up to abolit LovoéSwPes 3§ coll anr2aA8 thel al arc t%n?%‘ij(eqhearf'&qoﬁ@via%%}’e

inpurities;s ‘B}@Sgggomﬁl Qlﬁf?e based alépy,,t%used inthe repair alloy blend
is preferably a nickel base al | oy cont ai ni n%Pf rom about 4.75 to 5.25 wt %

chrom um fromIhgbbiEsY, migksli Based EEHR 11PY ot abifutreP2A Tt 61390 wt %

ol ybdenumg) dcoprakevin By 4:ctrﬁa9n@ w0 tasdial ene £pom ahouy c@r@mha 6.2 w %
tungsten, fromabout_2.8 to 3.2 wt%rhenium from about 5.5 to 5 8 w%

al uni num F5¥maRB8Et 702 0P tho 075 P98 hafficinPPapt t & Gbdit 0 2@55t§\/t %

carbon, up.fysaReut fPort a0 1MBRgANES S Uik st Q18ROHEM 0. AdbriMaKosie! pCPH, up
to about 0. 015 wt % phosphor ous, up to about 0.015 wt % sul fur, up to about

0.003 Wt %tDHer-35, Yiip Prabodtron. 2DoWE R i torre dp2Put Rk ™0 Wkt 9 copper ,

up to aboufyh0Q791%t Yo Zi fLMIUMpand ihkal.a ﬁcﬁt@hﬁéﬂﬁdarﬁﬁ‘é lu@evbtabl e
inmpurities. In another enbodi nent of the present invention,

af or enent | st fedBndthi TkkicHased &P BPYh O Rd 5 Bphi Ph%ﬂnwoumeﬁa Fe

repl aced bypdutnioCegs Raged, @0y upOBb akkd iy cdhal s bossdarye i apglbeners.
Suitabl e alloys inciude the fol'l ow ng: (1) an alloy having a conposition

conpri si ng® {ftomitdbegprar 73°r o about 0. 20 wt% zirconlum, and the balance
nickel and inevitable impurities. The second nickel based alloy

used in the repair alloy blend is preferably a nickel based
alloy containing from about 4.75 to 5.25 wt% chromium, frcm
about 9.5 to 10.5 wt% cobalt, from about 1.7 to 2.1 wt%
molybdenum, from about 8.4 to 9.0 wt$% tantalum, from about 5.6
to 6.2 wt% tungsten, from about 2.8 to 3.2 wt% rhenium, from
about 5.5 to 5.8 wt% aluminum, from about 0.05 tec 0.15 wt%
hafnium, up to about 0.050 wt% carbon, up to about 0.12 wt}
manganese, up to about 0.12 wt$% silicon, up to about 0.015 wt#
phosphorous, up to about 0.015 wt% sulfur, up to about 0.003 wt%
boron, up to about 0.20 wt% iron, up to about 0.10 wt% copper,
up to about 0.0075 wt% zirconium, and the balance nickel and
inevitable impurities.

In another embodiment of the present invention, the
aforementioned second nickel based alloy in the repair alloy
blend is replaced by a nickel based alloy containing grain
boundary strengtheners. Suitable alloys include the following:

(1) an alloy having a composition comprising from about 4.75 to

6



6 2 9 JAN 2004 5.25 wt % chromium fromabout 9.5 to 10.5 w % cobalt, from
about 1.7 to 2.1 wt% nol ybdenum from about 5.6 to 6.2 wt% tungst &M, JANFHIBm
~about 2.8 to 3.2 W% rhenium fromabout 7.8 to 9.0 % tantalum from
‘about 5.5 to 5.8 W% alum num fromabout 0.25 to 0.45 wt% hafnium from
about 0.003 to 0.040 yttrium up to about 0.050 wt% carbon, up to about

0.12 wt % 08k | %
phosphoroﬁ%ﬁg%?gtg Bm%&)m’ % \/v?)‘%agu}smg (l)uipd:?)gwé%gﬁégﬁﬁggg%m\?\nt %)%gg)ré\gn,
up to about.70.t202.W % & rool yegerto, afoun @bc;h@tvﬁt%cmppe? wup tuovgient 0. 03
W zirconigm. and bhe balance,ni gkel and Logyitable i gRLLISies,4(2)  an

al l oy havi'ng a conpoSition conprising ro‘m about” chrom um
from aboutta&xt&lﬁam,Sonmt Sbaowbal 15 thor 6nﬁatb'o%|tamnﬁ5unm ofdoR5alwb ¥ tugsten,

from about 0,.1.75 W % tltanlu f about, 11 .75.t0 12,25 %,

tant al um Qf égoﬂf"fﬁ 95t %“f‘%’ WEor - g??n%%ﬁfn%‘;forgﬁtz about ‘ﬂ)pgt(% 51b. 40
W% yttri L[mOSfOI’ emzabavbof, 20p tico abodb Wt%hatt%wimungaupseo @b ottt aﬂboﬁ)ﬁ wt %

carbon, up. tq abqut . _0.12 wt % nanganes about 0.12 W% sili

to about ]%1 3 pRESPh TR UL ag’ﬁut:osaglggt .@?’ﬁs\ﬁp%gﬁtfu‘t tL?p'a’%(‘i’ugbout

0. 0030 wt % larsomc suput uapots b 2bstu% DL O30 W ¥ ®oabayt up. fL@ Mt @opper,

up to about 0.03 w % zirconi um and the bal ance ni cke evitabl e
i mpurities Wt HFoR3) URntal PR dhitldi HithAgCPPRR ¢ Aol @kgut 1‘%)?3”\& %

chrom um {i@Brakeyt aAd5the &ﬁﬂeﬁe%le@eal énd firnizheue Bmﬂﬁritoteda 252w %
tungsten, fromabout 1.25 to 1.75 wt% titani um from about 75 to_12.25
Wt % t ant al U3 ¥¥mPaypBEL @ 4SPPIT 15085 CRFBE B I ™ 6p°oTD %b Ut d.%5mt %

carbon, upytd rERAMLN). 2o 8b&id 14BN LoUP. b OwEb QitoaQ+ ] 2 £ VR0 SBAGARRTES, Uup
to about 0.015 wt % sul fur, up to about 0,015 wt % phosphor ous about
020"t 96 i 1orh- 2 8 SBBREL SR O R AEEHper; Zork thid > BaF ahCEs i Bl 287d

i nevi t abl eadmrurit. l7%8toF@b|9wm the tapphi catb@dutt Re7pepai 5. 2 hag, the
conponent formed fromthe single crystal nickel base all oy and the repair

al | oy therzbHdren.hdaeadabeul 9 Mpertst dr 80t Wat ¥higilgw, from about 0.235

to 0.45 wt$% hafnium, up to about 0.05 wt% carbon, up tec about
0.12 wt% manganese, up to about 0.12 wt% silicon, up to about
0.015 wt% phosphorous, up to about 0.015 wt% sulfur, up to about
0.0030 wt% boron, up to about 0.2 wt% iron, up to about 0.10 wt}
copper, up to about 0.03 wt% zirconium, and the balance nickel
and inevitable impurities; and {3} an alloy containing from
about 9.5 to 10.5 wt% chromium, from about 4.5 to 5.5 wt%
cobalt, from about 3.75 to 4.25 wt% tungsten, from about 1.25 to
1.75 wt% titanium, from about 11.75% to 12.25 wt% tantalum, from
about 4.75 to 5.25 wt% aluminum, up to about 0.05wt% carbon, up
to about 0.12 wt% silicon, up to about 0.12 wt% manganese, up to
about 0.015 wt% sulfur, up to about 0.015 wt% phosphorous, up to
about 0.20 wt% iron, up to about 0.10 wt% copper, and the
balance nickel and inevitable impurities.

Following the application of the repair alloy, the
component formed from the single crystal nickel base alloy and
the repair alloy thereon are heated to a temperature that avoids

recrystallization and repair zone incipient melting of the

7



recrystallization and repair zone incipient nelting of the 7 29 JAN 2004
single crystal nickel base superalloy form ng the conponent being g jaN 700
repaired. In a first enbodi ment of the present invention, the conponent
Wwith the repair material thereon is heat treated to achieve w de gap
isothermal solidification in the repair joint. In this approach, the

component 4ihgieatedstor . JENPRLALUL LG 1B0AS ST L1 ABAROUL, 2150 to

about 227 pre a‘time period in the range of
from abolteifichoepsited24 hour $irpt e¢eratimendbodt th0 bhoesent Eolveowing, the

heat treatnent, th one and the repai.r eriLal ar r.api_dl ool ed
Bt fir ot At e BP T B A tnst 2ppadE Mqiiia1ThEELAL B Sed Cetaly
t her eaf t ertcatacaiseeontde ajap dfsotBEEhaI nsoldrdiffashedohoim trenperatior e of

800F. Fol | .ow ng ooHﬁn ,_the ¢ rrpo‘?ent and the.re ai{ terial thereon are
subj ect ed X074 r eI HgFRY® tTREFORERT  APC SSTEIE 4t 0P "FA SR T dhge of from
about 130Cfeniperalbowt 160Qfe fraihga bEnErdm ddeatr ange°ofto fabemtabeut®rl,2 hours
to 36 hours in a suj t abl t.nosphere such as air. |In sonme situations, it
may be dediTHBrECLE FRFFortnd T pret A Hars REATOS rdht TG S8FoPE LHE'
re-agi ng haafutt sceabtiedtto JHecprel | préapsyadigatavbueal oensurey ®icawihed out
at a tenperature in the ran of from about 1950F to, 2000F for, about 4
hours in at%tﬁ %‘F‘é‘&t H%"“H{‘?ﬁ)"s'p%&eecgﬂﬁﬂn%&t &G0k PE) FeRALT JRLE Hnd Ehat t he
bl ended nigdald1gl keyleepat ra maker kate desanidsednher edniefseee ks a
conpatible alloy for the heat treatnment._ of the present invention. It also

has been fGREratHae af pf EHFofn%i SASHSE ISR RE 71 F9°TH d@&E Bised repair

all oy andszerhah Onemastert he secamshiitelel obasecrral | eysiasindie base
all oy constituent further strengthens the repair joint b{){ (ﬁ{eovi ding grain
boundary st¥¥HGCneRBEsCPBPNRY AP FReisRaldl MateRielf PRSI HR & % r eat nent

approach ragiees ekower at esmayidigUt@cath&ep A rerghberhtbrdi gh dremenatur e
creep. |0Wét%££§{%%g£g 1300°F to about 1600°F for a time in the range of
from about 12 hours to 36 hours in any suitable atmosphere such
as air.

In some situations, it may be desirable to perform a
preliminary heat treatment before the re-aging heat treatment.
The preliminary heat treatment may be carried ocut at a
temperature in the range of from about 1950°F to 2000°F for about
4 hours in a protective atmosphere such as argon.

It has been found that the blended nickel alloy repair
material described hereinbefore is a compatible alloy for the
heat treatment of the present invention. It also has been found
that a blend or mixture of the first nickel based repair alloy
and certain ones of the second nickel based alloys as the base
alloy constituent further strengthens the repair joint by
providing grain boundary strengtheners to the repair material.
This first heat treatment approach reduces lower temperature
creep strength, but high temperature creep, low temperature
tensile strength, and low cycle fatigue are relatively

unaffected. The lower creep strength is acceptable for most
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tensile strength, and |low cycle fatigue are relatively unaffected. The

| ower creep strength is acceptable for nost 8 2 9 JAN 200 applicatﬂd%éANlmi

- because the starting creep strength for this famly of nickel based alloys
is far beyond the strength the conponent requires. In a second approach,

the single crystal nickel based alloy conponent to be repaired is first

grit blasted and/or cl eaned a described above. Fal |l ow licgation of a
Sui tabl o OB CaPEFi BFC AT R PROBOMRr S T et BaPRE. b7 pabte B AY 1o
the singlef ariydedl bakeliehl based salfthoybepopdnant stechgtrepisd rethponket
conponent with the repair material thereon is heated to a thermal spike

t enper at ureeTH e range of from about 2250F to 2350F, preferably about
2300F, foll owedrby @erapddammdacht, @8heCoODhdg dratse aaf nicoe abedd 2F169 100F

per mnute, preferably about, 35F per.. mnute, a.t erature in the range
OF 1 rom  SIHOEB50R0; Be SETSTLE: dParabPy SEUUCIO3ER, BTREoE SN 51 o
hel d at the spiiked espeeat urel fowing Bppl DeEr idim rsaf kLt epte depdieat the
conponent. Preferably, the conponent is held at the spike tenperature for
a period ofaTEIGR! 361 ALt R RVIEsstARE: RSt &Ieipéﬁégl 5O r@od‘ 15
mnutes orsigsie cHQtEONROARAL bhdsedhal dodt céibriomer ot BEPLEPd ikferi, M @ange f or
atime period in the range of fromabout 5 hours to 24 hours, preferably

about 10 IR engoMishi RS t HiRS e P terdat i MPTSRQ &5 PRBTGONPOIfent i s

subj ect ed {1k @nd18Ripd Ke00kmBé r £ 3ROIiNNGhEat gngd ADFHon38E6GE R23°F taster.
Thereafter, the conponent iIs subjected tg a re-agin treatneni at a

t enper at ur &334 Fr hBT? SRR f WQQBF|§BBW%31§86#°¥%d %%bﬁaPBP §°Ptnet i the

range of feomalPWart2oRobEsntisdbaift OIS 100°8 Sei traiH @ e3t pREPALSISLY I N this
second approach, the repair material preferably conprises a blend of

al | oys hav??@fﬁIﬁéoﬁePﬁﬁtmﬁﬂHﬁﬁenF&gésteTﬂ%ﬁﬂE¥§§dleBV%.rﬁﬂﬂ?:ﬁgcgﬁﬂmnickel
base al |l oysp@lisCusrE & 2075°F, preferably about 2025°F. The component

is held at the spike temperature for a minimum time sufficient
to heat the component. Preferably, the component is held at the
spike temperature for a period of about 30 minutes or less and
most preferably for about 15 minutes or less. The component
is held at the lower temperature range for a time period in the
range of from about 5 hours to 24 hours, preferably about 10
hours.

Following this heat treating cycle, the component is
subjected to a rapid cool at a cooling rate of about 35°F/min. or
faster. Thereafter, the component is subjected to a re-aging
treatment at a temperature in the range of from about 1300°F to
1600°F for a time in the range of from about 12 hours to 36 hours
in a suitable atmosphere.

In this second approach, the repair material preferably
comprises a blend of alloys having the weight percentages
discussed above. The second nickel base alleoys discussed in
connection with the first approach described herein can be used
as one of the alloys in the repair material blend. Instead of

using the first nickel base alloy described above in connection
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connection wth the first approach described herein can be used as one of
the alloys in the repair material blend. Instead of using the fi rsztgg'm:ml
base al |l oy descri bed above in connection 9 2 9 JAN 2004 with the blend used
in the first approach, it is preferred to wuse other high tenperature
‘nickel or cobalt based braze alloys, such as AM5S 4783 or CO 333, as the
first alloy in the repair mterial blend. This second approach has |imted
adver sat i V& t8f 88t B1on t4ed Has &8l £ oFS etRRRACAr bFob%rEFﬁpeerge%r‘F&’ FPkel y
results insa BrgbernigendipdreiRecahueref air th@ahtagesad | 9yazelka 19gp, W dt h
capability wth this approach is _sonmewhat reduced_as conpared to the first
appr oach diusbudsetMpet &F h.ota Surdr y2of thtif schadiledl 1prioyeripaéffect s for
the two gRRLQaghesiare. shown in Table | where 1X represents the baseline.
TABLE | Property2200F 2350F TURBOFI r TURBCFI Xe 1200F Tensile UTS. 97X 83X
1600F/ 25 ksi 2¥hEpeepcond egBRach Basobom Bl lesivezsati e I BX PR Elte
1200F LCF Hdsfeeaﬂ%(yargé%ﬁéﬁ‘dar - 'p'r'ob_éi‘tieﬁl Sha 1 150QYS r8sGiackif ePalihisi ng
the first approach escribed herein. The crack has all oxi des renmoved and
has been Hamelly tempedatwrs fdve thephirpzeatbrdval . Thkegprpal¢thateri al has

i SOther”Bjéébéﬁihhgkf&Eghv%ﬁﬂgmﬁpﬁ%%ﬁéki99 égmééﬁ$%e&§@u@§§e§§ié@%pared to
the first approach discussed herein.
A summary of the mechanical property effects for the two

approaches are shown in Table I where 1X represents the

baseline.
TABLE I
Property 2200°F 2350°F
TURBOFIX® TURBOFIX®
1200°F Tensile UTS .97X .83X
1600°F/25 ksi 2% Creep L44X% LB5%
Life
1900°F/25 ksi 2% Creep . 83X . 91X
Life
1200°F LCF Life .97X .83X

FIG. 1 shows a crack repair using the first approach
described herein. The crack has all oxides removed and has been
fully filled with the repair material. The repair material has
isothermally solidified without creating any adverse excessive
diffusion or incipient melting. FIG. 2 shows a 0.016 inch thick
surface buildup repair using the first approach described
herein. The repair shows a microstructure of base alloy
particles surrounded by repair alloy. There is no incipient
melting of the substrate, and there is iscthermal solidification

along the interface and into the buildup. FIG. 3 shows cooling
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di ffusion or incipient nelting. FIG 2 shows a 0.016 inch thick surface
buil dup repair using the first approach described herein. The repzeg ﬁM?.@WVS
a mcrostructure of base alloy particles surrounded by repair alloy: ere
is noincipient nelting of the substrate, and there is isothernal
sol : dification along the interface and into the buildup. FIG 3 shows
cool i ng 10,29 JAN,2004. hol e5. & hat nat e f iLdad witlt hesrepais @llgy using
the first apeproagh 8e§cr%§l§e§5 herei n gndr'% en re ryi P?ééspﬁﬁ%nﬁaﬂrsga adj acent
regi on. | A zmyadch deatk higedv hdred nVERAl Yhéypredygdtl eds iapph | teaediBlkent
external surface. Ih Lr | : I €; | r
Sol 1 di fi cati e nd ngegﬁ‘g%i%ﬁtlﬁ’é ?F%’S‘?‘ ?étkﬁéew é&f‘%fﬁ?ﬁ% ls%b%ﬁlgt%éi@kl | of
t_hehsaLrpI eshes lepwre ring 1t hesBadd guiTés rehaiv nol ladv ehowsanoned ¥ Bs awdeitat ed
with the testing. Lt _is: t t ere.. e : OV i accordance
with the plrse%teh%’qar%vgﬁ f‘ggpgéa?r@toﬁoggboégr{e'g%llrbﬁl%ﬁlg @%%g%ﬁ n?rgdc}*é;r med froma
single c(rjyasd(lj;'ajirrijr@kebbbase‘desugdrlabﬁoyhma}tplfaﬂ Ishowsatnsthese thigugljsect s,
means an vant ages set forth . hereinbe i et ent invention
has been deitt irﬁe%%ivﬁrs?haen%%an Bt agfogjpge%c?iwcl\%nﬁg&i E‘gﬁ?{s&fher eof, ot her
alkt Flr ngti ves, Itodisf epphtems,thatd thareabaorisean [pdroyededeiapparemniarice t hose
skilled in the . art having read . the foregoing. description. fQre, it is
i ntended t%" t&’aec@rteﬁgrs1 Rk \?egl?ghcr’r%gfl% ca iag%ggaa%%‘&g%eﬁgt%? ons as
fall I wi t hijfmtdmei fread asebpgl ®fcriishalappekekdadecal mopetdl 2o JANLREUL 1phat
is claimed is: 1. A nmethpd for repairing c nent.s _for roma single
crystal ni %T(%*S%aesse&gguﬁgi’%ﬁ%'y me(%grsrp?flgi%(g‘p%)rﬁeagsetseﬁsegogggtbltbl ying a repair
al | (lzyI tobaiheﬁeaﬂ:tef@me.powtxib@ dfe presaponemterfaramedhakr been d¢ gl idbecy \ist al
ni cke ased superallQy to be repaired; heating the o] 1.t.h _said
repai r al | bBy° < etxznf)’gr ﬁ?ﬁ?Jeﬁt%aet%% ¢ i“‘a%@? 2tchreys Oaf::' I Fggg?o%fg%ﬁtéggi%l’
modifications, and variations will become apparent to those

skilled in the art having read the foregoing description.
Therefore, it is intended to embrace those alternatives,

modifications, and variations as fall within the broad scope of

the appended claims.




zone incipient nelting of said single crystal nickel based superalloy; and
said heating step conprising heating the conponent with said repairfﬁhépqwa
at a tenperature in the range of from about 2150.degree. F. to
2275.degree. F. for atime period in the range of fromabout 5 hours to
about gﬁhﬁ?$ﬁ§mx%dgA met hod according to claim1, further conprising
rapidly cooling sald conponent followi ng said heating step and subjecting

sai d cool,ed .component. -t i t. : J.. to claim
1 wherofi gl %5}%‘5@ R ART AR R sinele o IHORT o AER Gy 2, €
repai r SPPBY PR HPer at ure of about 2200. degree. F. for about 10 hours.

4. A nmethod according to claim11, further conprisin api dly cooling .said
heat ed 2pRIN{Brecispaiaatioy toeqi dsast enel W]%Ofg GOFRONEH fﬁl'l?egﬂﬁfg'ﬂgﬁrsﬁé.]e 'fi?'s%lrrg?]%?gt er
to a tbapdrsaperBopfo I@patkigree. F. and then at a rate of 35.degree. F. or
faster to a tenperature of 800.degree. F. and agi ng said cool ed conponent
at a hempgytht dompoment héthrsaidgepof alfoyamadeioptrati8baideygidsaecrstaliigation and repair
1600. degremciprent htdltisg 6f saRi ghegle oo siahnicke basaihgperallof;rodn about 12 hours to
36 hours. 5. A nethod according to claim11l, wherein said repair alloy

app! Vi REaHesPn £QEPEoSERsIAPREAINE thetcontPonbik with Biciephir BRsest Akinpystiroisiht d
Cormonwgé; oq"frg?h hft Qgiﬁggﬁéé PG 1095 Feied? B.foM18MmBIpBrisdindhe fge bf Sbmabout 5

appl yi t r applying a repair alloy blend having from about
49-51 \r}}/tgu otggbgglr%v]v{o%g'ti ng tenperature nickel based braze alloy and from

about 69_ o AN aj m:f| 198 doRIRRIA Y i‘alyrl'jog' s eEHp & enPIoilodingaid
od 2afoBFiion deco ety A o
conpr 4%@11%% S5l RS Sy é%hfiav’.ga%*gﬁgf‘f'l;%a‘-iﬁf A0St oy o

| ow nel ting tenperature njckel based hraz |1 oy and from :
wt % of3: & WE d@&;ﬁié\n&ﬁﬁ Flaim Eﬁﬂg’nﬁggﬁag%?@g%@fL??’“&%nééﬁlﬁ’eﬁ‘q“ﬁ]l
accor disAl TeBATE PAphion teppetagire okaholt $ef0deerest Fofgr yP R &t ep conpri ses
applying a repair alloy blend_having from abqut 29-31. %of alo
el t1 g demptiodapascme R elnm ds GHhE compIsine rayﬁﬁvnwoﬁg%oﬁl GiES BPRthtend, o
of a hirgprinaliay g reemsdd adeeree-hi ekistepipspiemperagye 0§21 (R.degresol- 2pddBeyd r?ffo
cl ai m Bf Jfkdegesten .scmfastqaretpaitmmm@&%ﬁﬁﬁﬁﬁgﬁ&-é d agiRg 5714 £80I5H SPPPIREL !
repai r teinpeptust enthe mangerd fromoshoab biR0.cegrezs Fuip 160@ Aegres. Sniare) typemperod in the
t enper atougeofifrokaboltdddwulntasé howsst oy and from about 79 to 81 wt % of a
hi gh nelting tenperature nickel based alloy. 12 29 JAN 2004 10. A nethod
for repfaiA mthodapadmgtte claom tpwhéneimeaid repaig pRoycapphiting step eqBPrIss gpRlying 2
super aldleyd oftisitipyl ibasedgllbhetoshdxsmpbnerappl ying a repair alloy to at | east
one portion of a conponent forned froma single crystal nickel based
super al 4.y nfethdderct@pignedlaihsatvhagin daid epaipel@nipplyinhstepianprgeaiapplaingdy t o
a t enpaepiiviRoy biehd Bxahgdsomedbysi®s 1 we st ofnloandelkieg amperature nickel based braze
alloy and from about 49-51 wt % of a high melting temperature nicke! based alloy.

7. A method according to claim 5, wherein said repair alloy applying step comprises applying a
repair alloy blend having from about 39-41 wt % of a low melting temperature nickel based braze
alloy and from about 59 to 61 wt % of 2 high temperature melting nickel based alloy.

8. A method according to claim 5, wherein said repair alloy applying step comprises applying a
repair alloy blend having from about 29-31 wt % of a Jow melting temperature nickel based braze
alloy and from about 69 to 71 wt % of a high melting temperature nickel based alloy.

9. A method according to claim 5, wherein said repair alloy applying step comprises applying a

repair alloy blend having from about 19-21 wt % of a Jow melting temperature nickel based braze
alloy and from about 79 to 81 wt % of a high melting temperature nickel based alloy.
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zone incipient nelting of said single crystal nickel based superalloy; and
sai d heating step conprising heating said conponent and said repaiéJﬁh?ﬁ%

_to a first tenperature in the range of from about 2250. degree.

2350. degree. F., holding said conmponent and said repair alloy at said
first tenperature for -a tinme of 30 mnutes or |less, cooling said conponent
and sd@i 4 mewdpaiar rapdidyg tamporsetdodnddempeagingl eciystak tickal &nggd soperéllaym about

| 950.dagiemg the stkps @075. degree. F.  and hol ding said conponent and said
repair aIon at said second tenperature for a time in the range of from
about, Fﬁ’ afify HOMN8ast de (ﬁtlﬂﬁbhﬁ%xﬁﬁ&ﬁhgf&ﬂcd ﬁoﬁi Adinpld Bry sfalinicher
corrprba %ﬁ% gr&g g?é lrga)rrponent and said repair alloy fromsaid first
terrpera ur t 8 sa&cond terrperature at a rate of 5.degree. F. to

d
comprif gtltfgthactamﬂvpaﬂal\tlgégb%t pholal BipBi g o Bt R
r at e Z9P¢ ¥5iRjegradung of o 3 T%P ' %sai d corrponent and

sal d repair all oy at a terrperature |n the range of from about 1300 degr ee.

rs.to 36

hdurs }dglﬁaé\l;ﬁ pg Pl r1 at8]$a ald co Satn &3 Ofa:r Homtabg &gt'dtelp

ol ai P O 2bquy %aree jgﬁi égg 5 5110 n B‘H% Hf@@%ﬂea &gﬁ regai?

r epai o?ﬁlait ’IT%ﬁ%anHﬁ‘tua‘l ragme 359 33?’ ”Tgr PR tI ﬂzi ’gg; al | oy
and dem’”aﬁ }gtqaogpcgl@cl @B}P@tﬁmfﬁﬂfb etrﬁ‘@e I‘aﬁ‘f HP ture

cobal andhdding said semappesy and sald FngH 3t1@if’r?}eﬁaajt ﬁfﬁ@ﬂdﬂe@p@lﬂmb&g@dw a’z e Hebys.
14. pfdfEmebowtidrhaweptel 24 yreonponent s for rred froma single crystal nickel
based superalloy conprising the steps of. applying a repair alloy to at
| east!loremgtihodizorerdingdo ctanpdﬁefWhémomahshgmp ing sandbampongsat ad saidokpdir based
superalol dyorp sailldirstepaperetiye hemid segotdtempenaponei rate ¢fl.degred. F apdip.dagreey- t o
a temeendbutee that avoids recrystallization and repair zone incipient
melting of said single crystal nickel based superalloy; and said heating
st ep Ioupmiediodgcb@dingng clahe 10ofuphactimpanihgtddditoaphi coodihg eaid tompofidim sbd
t enpeyaid iepheirafloy 280fudley Fdegrde. F. o hthhng of fietee anpayieniaidosinpdrent apbdaid al | oy
at salefaif bN6Y attLERPERNIE & R Tarelof fRm R0t BID0feglde. FitoUbERdEed. &S for 2000 | Ng
t he cianRORRRE offient AR uf EPBbrs &) 360Noud folotvtigtsaff addhiceDéREing ktepper  mi nute
to a second tenperature of 2025.degree. F., and hol ding the conponent and
the repal meddd¥cHlingSacRina0onitdif she Falt=Bol applaig Wlepkempaivéssapphing a
repair alloy blend containing a base alloy formed from a nickel based alloy and a braze alloy selected
from the group consisting of high temperature cobalt based braze alloys and high temperature nickel
based braze alloys.

14. A method for repairing components formed from a single crystal nickel based superalloy
compnsing the steps of:

applying a repair alloy to at least one portion of a component formed from a single crystal nickel
based superalloy to be repaired;

heating the component with said repair alloy to a temperature that avoids recrystallization and repair
zone Incipient melting of said single crystal nickel based superalloy; and

said heating step comprising heating the component and the repair alloy to a first temperature of
2300.degree. F., holding the component and the repair alloy at said first temperature for a time
period of 15 minutes or less, cooling the component and the repair alloy at a rate of 35.degree. F. per
minute to a second temperature of 2025.degree. F., and holding the component and the repair alloy at
said second temperature for about 10 hours.
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