, ae3e2 2] | (>6t T?E ~ 7 MAC 2002 A -233 REPAIR OF SINGLE CRYSTAL’QI‘?I ﬂAﬁL pugn
BASED SUPERALLOY ARTI CLE BACKGROUND OF THE | NVENTI ON The present 'i hven
relates to a nethod of repairing single crystal nickel base superaldxgg
conponents such that nechani cal property degradations are m nimzed and
repair joint stgrengt bri stmend WrRredAL SupexmEl IRy pasepEsECLdOARMACLAUS
conponents in gas turbine engines where the conponents are exposed to high
tenperatures and pressures for extended periods of tinme. A typical

application is high pressureatxshone \anesr werneridwe tenperature of the
conmponent can rjse to about 2000F. Under these conditians, the conmponent is

expected to refaf PTTEehdpESRhHstheRIts FBng BHRh Ao TBPBVF HE econoni cal
oper ati on sq@hgt Bec epgi1e naickBoUba sk Hilpe fanegyeddmsaiatitee sQEhr epd@cement
requirements, Typically, superall gy conmponents have been produced by

preci si on"EF8EMhge L Vit WE Y 09 FBERAGE iipdidr 2REt MENHYEF CopEnéRPatBglAitithg only
m ni mal maekieALby oPeradin@rsqto reach final configuration. To provide
additional protection for the material fromthe high tenperatures and

corrosi ve envi PBRFENLWiFe 26 BBRBULRY IR (PPYE eSIBROTSA Sy dfeBRF VEN DS ng i S

commonl y apphhed. wkorpanentempbhinelequateppsopedd iregyH eembbeadesdid ed
applications have been successfully produced with no heat treatnent other

than the R&4t PR§SEYET® G%cErFended Reaicdst of heltdat g Ypr6eéss, which is

effectivelypaipaecoPifAatign peassireatumiheofahde, adregastnenterial. After
extended service, sone of these conponents incur danagﬁ, due to erosion
t her mal neERRRFRENTS AT Jis- CARBRRRN tcISREk iTh e cBRisaRP YTy 20R8 Fr edl&iSE cycli ng

bet ween arie@Bt cangi ORMNA! LR EERPHAIUNBS exPEcESLERD reRbeh cads@mdde
airfoil portions of the conponents to bow or the platformportions of the
conponent 38 EWFSRI GNP TEr GRPEARI O AHAiIINSI ©PORITIGHs CPRFERIeN efddtn2*

01- 233 engine without unduly frequent service or replacement

requirements.

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 i1s 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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a resultant change in the operational characteristics of the conponents. A
nunber of nmethods for repairing these conponents have been devel oped and
used. One such repair nethod is illustrated in U S. Patent Nos. 55433767
and 5,922,150, both to Pietruska et al. This method for repairing

cobal t - basedesupeirad |ahangas ihutlhé nepeanigiineat oapaneit s icanpisi sestiappl yi ng a
m xture of a base aII% glogder jgnd b s% allog go.wder with a nelting point
depr essanfCTBORHE Sur FalE™BF 't & ”3:%%153 efPrahgPhieatthd At Sa CPERYEF HtUr e i n
t he rangehate 2268F dere23PRE hAddidddise the melting point depressant
isothermally into the base alloy. A protective cga_ti ng is _then applied,
duri ng whi ch aorh%a'i‘iﬁb TEYErE WFI%&(H:I aged 1tHEthaked it eti®al Frsentelies u. s.

Pat ent Nos, 549416 B%hd &, Bret 1eskav&th alo pikkustkates a .metrhed hernsgestoring
t he nechani cal propertie (If car bi decont ai_ni ng cobal t - based superal | oy gas
t ur bi ne eﬁ@Fn’ée}g%H%d'}?eﬁto al¥rBanet RIPSHACtQdeS2 8 of W5 61F KE4t Ereating to a
t enper at ueembendrhes ranRge i8ks22pPhy 1ry 23@Qkehoe ones tadanaliveyhpowget 0

di ssol ve conpl ex carbli des and agi ng at ap[lg.r_oxi mately 1965F to 1975F for two
to twenty2POu? PtR €1 18YaPeYEshe" tiepd MELEI AR ST ndIPTESFEPEl thi B!l base
super al | ogueeaponeNtihalsepbiegtSaddidate ngngt Ng st e datRireak hythe
acconplished using a heat treatnment nethod that re-solutions the alloy to
assure nofAB8Ratt cid°DF opRre3PUELFE s iushdPSamelE e, PHits dseaesErRat ment
assures maxbonerh fifwsingd ehet Bes¢ epaidy .zonepwbt Ot vabaitAgyPk nthdrel ti ng
in the repair, zone or, the base alloy. This _ nmethod is effective for

non- si ngl 8PBH ¥ ald4fiitite P p5Bed RS IUFde KohWeverdes dhesPagfe crystal

ni ckel bagpgdesuperid l@yes,. this nethod results in significant
recrystallizatjon that gcr eatly reduces fat i,gue Er operties .and also results
in an overdiffUsed & r Noonar i 11 1% &8 PAFERYSH? Seldli-ngligstratesas
Thus, themnethedefds redteedntothamedfaidaveprehbpei dOrofr @pabiieg conponents
formed fromsingle crystal nickel baseq(?fsyuperal Ig%s. SUMVARY OF THE

| NVENTI ONCREEBH 111 SPOALEPESER SHILIGH BRE PRESEHt SHAERLI on to provi de
an i nprovedmpehéwek f orrHeepaichbAgist Nl GoyYstabn Nhekelt Rasadgsupes al | oy
conmponents so as to minim ze nechani cal .property degradations. It is a
further oBFBRETHFIEHeprréSentPPRavehtdof Eot‘gr%w/%g hettod advasdGe which
mfaxi hm zesnhpatkattstdin@ive thapliex G%Q_ib’i@e@bjaﬁﬁt ﬁgﬁﬂi@ &t tapipiectikytébhe nmet hod
of the pr i inv ion._In accordance w the present invention, a

met hod foﬁgggpFaitl% ﬁggéo%p%cifeﬁtwé’ £8r METFY o QOHSISe crystal nickel based
super al | oy br ot ze-comar irepaiapptyimgh-asingpai erastoy dickelsbagke crystal

ni ckel based Suﬁfr al | % congonent to be r;ga}pr. ed and, heati ngtsai.d ](_:Prrponent
and sai d SPBPFRULTRFAPOICPGT PR YRiffst ALAPERE Nt I MG dg e typreally
recryst al bczahp bistesntl usdpai B Aeae trwd tpicent maehbdd nghadf ddhiascdiundgbes ctiyst al

ni ckel bas?? superalloy. In_a hiﬁrst enbodi r’r%nt oﬁ).%ge tl% d ofmt he present
i nventi on2 tRE heatTHY S ESHPPT s ek Y edtPhs  t h co%ﬁoﬁ%n? and the
appl i ed repaer ahioyheatt areenpenataseudas tmagimangei Hfudircomegbobut 2150F to
about 2275F J;_)referat%ql.ythz(a)la%ut n2290F jfeort aetli e p:(Larrlitd in taq% range Pf from
about 5 h&GPE¥ *IF Hour's, p?eYer%%jr%/ Aol 1" Roti? st P F R8I ng hea?} ng,

t he conponenat baserapiall.y Chdketetindd sihjeffleedive for agimgingdat mepstal n a
second enbodi t_of . the present . invention, the. heatin tep i ses
heati ng tﬁ‘éLc!é(rat;ﬂfrryr}?)anseenct1 sélr?(?rtaﬁgoﬁﬁblkil%w Vreerpaifrorafi%%ﬁ% oc%stsceaﬁpé]ggggée in the
range of bresdaoedr 2504 ,t ahabownetR350esyirtef énabignatbicnsnt2300F, hol di ng

t he conponent d. the applied.r ir.alloy at thi enper at yr.e _f atine
in the raﬁﬁgrﬁgp?lefslsza%lao% 5 8t gg%a%%u eéj}s{l,C%Srg é?%‘%ﬁ ;?rffaerﬁ ﬁ%tsegggr | ess,
rapi dly cedkbngeshit xonpemeotveaddf fheedppipaed repaivwith local areas of

melting.



O -233 alloy to a tenperature in the range of from about 1950F to about
2075F, preferably about 2025F, and hol di ng the conponent and the applied
repair alloy at this tenperature for a tinme in the range of from@bdsa3 5
hours to about 29 hours, preferably about 10 hours. Follow ng this heat
treat nent, theTnmrpmmaﬁe ireme aps (i ynezaolfed andeﬂﬂéxitemteedwetﬁoanfagi ng
treatnent. Ot her details of tg re ? met hod of t res? & %nventlon as
wel | as of RBF ob] RcTEENG "&dv ?lf%egcg St EABEANT THER % PISKE SRS drth in

t he fol |l osupgrdeiayd ed description and the acconpanyi ng draw ngs wherein

| i ke reference nuneral s depi %&Mﬁ DESCRI PTI ON OF THE
DRAWNGS FIG 1 is a photom ired crack in the
buttress portipacefdimgdgnpanens: aflds]eti Sfatp@qsm@iwtogm@htsh@v&@g t he
repair of an eroded surface with 5% ild- u a C‘gltﬂrratel 0. 016 inches;
and FI G BTP¥IEe phbt'oRTer SSrQ‘E)Bh I &588P l%%lggiorb |Ct’f§{sﬁ Len3F%%r engine
t est shovmblageahgmpémlw Eopeh&gt £ oAt aBgtandif Bpadd reheniakliare ful ly
intact. DETAILED CRI PTI.ON OF THE PREFERRED EMBODI MENTS) The use of

singl e cry$PBPERY ¢ rat?’zi‘§é8“§t1per alloys for certain applications in a gas
t ur bi ne engi nertsikchs zferfcaért beiddt sif and pecomthk strags thioghtpr gssui®

t ur bi ne (HPT% vapes, s gg ¥ desi rabl e because the terial has good
mechani cal® P BB%‘FtEi‘ses"‘ SN HREPYATFHTHRE S 4818t ahee 1Y 'he corrosi ve

envi ronnment i nhies efddgydiebabegletts thie eerbuséd opy prracesshoacuErtng in the
engi ne. However, the gperating conditions are sufficiently severe that the
mat eri al Pé&ﬁ??%slrhoed}tﬁo(?nal protection, in the formof a protective
coating, to prowistecddienger viee tid qirle@enteﬂﬂizéxetdlorﬁ a @btR34 ﬂsue coating
which is apgl ied to the congonents such as the vanest!?itypl c of the
MCr ALY typEPRWREIE MRS EBIECE @S dhofhé G Bep® con&l RgCEELi P37 ni ckel ,
cobal tI arsdlpeeﬂmy\ Hﬂdérdulyeaomﬁﬁg api@llé@ﬁgtii’lerébécifm%l(l@yatumaRéﬂﬁglé/pe A
typical application o e coating .includes steps o t he coating
arer tal EOVPERL JETSRde POF o E R OTBPRHEE 1 R d eI Cag S8 at e or
wi th a preenousd ysaippldoagoashutaon daaait appeaédirempamdame@t tagafor either
four hours at about %%F for .the I\/Cr,%IY ¥$e coatl({:gE or .for 24 hours for
the diffusPBREEF Ui SitHée St §58 1 80at§ Hy 6 dt FF LT h P the ®Gati A§ Fayer into
the subst natepiatemiedlt.ingf bert}ae SSJgﬂJlfel captsthlfxemm Hah@@esopeb@nmus

f tl det ff th f
cr o%i on,  LRGF el N AERCCRFFFatT gl MRBUREACE ACRITPIAIE CO"PRE Vetper at ur o

cycling enteuntetidy |srte|por:nsmbrn$)af atdaan t@éaamn@ntgnme:on@roneheepndu’ehé o the
ext ended exggsure ti ne a el evgt e%{ﬁ enperatures. The Jrocess for g{patrl ng

t hese wor APEORPONEHAE TcStpPYs@ Mg Ta tHEpat? T erlnag1e 3 ch*88 A PEpair
alloy to QébO?H da heoet od2Tsar, epse Hérdliley abrponf00°Hr flow ki kimen the

cracks forrerglo ’g SGUSS ?‘g abgvx_eromPralb%ruttg gggi,glgtg% eopu%ﬁé material, all

detail pieces Such a8 ba covers, €etc. are renove corrponent may
be grit bpasfedalamllahoud:l éanhdumypl&odllloylng bedyragernef lcomppdent is

atnDSphereaplgl f%doéhgesub]ected 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
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After cleaning, the repair material is added in the formof a powder, a
tape, a paint, or a paste. The repair material preferably conprises a blend
of two nickel based alloys - the first being a |l ow nelting tenperat-uneg

ni ckel based brazing alloy and the second being a high nelting tenperature

ni ckel basedogl teya ﬂemp@rfaltnst frepater rahbeyoblﬁmn il npstemitekabobased
alloy is %resgznt in_aran wt % and the second ni ckel based

alloy is pPdsem HrﬁfﬁrPngeak?ﬁUMQOZSSEi' itgh DPAAANG el FIBRREPLaf POy bl end,

the first takl eypl sePregpeit kD1Gy raNdeief t8Qpdrat e 233 = 4im¥t P4 anfd the
second alloy is present in a range of 59 - 61 ww% In a third repair alloy

bl end, th&3PBRsPL at fBY 3PPy és}é‘?ﬁrsl F%a2PaHbe’ b s, Prefesrlhy ¥ tsecond
alloy is poesedtsi N RINAAYEGOEnHP reafl tWedamdit A dfaUrdhpbapAt il | oy bl end,
the first alloy is present In aran e of 19 - 21 wt % and the second al | oy

i s present@pad gy Ry ofndgsubBachdLoTRE fEERT HisErbased brazing al | oy
in the repair @trh@:y d@t%adspbefat@bﬂa@aqonhatbédfdpmr@b@%séné to 9.5 wt%
chromum fromabout 7.5 to 8.5 wt% caobalt, fromabout 3.75 to 4.25 w %

t ungst en, VERT APRutas) weslt 85 20 TRISE G/ #itn 24 1BrRegESUB tPe Bt 3. 25 wt %
boron, frepReabedf LHeelBelkordr2pWMYodirf 'i'o‘?!'lfbw&'@gt&btaathl&j QeQkbi Mt o aron, up
to about 0.10 wt%rranganese up to about 10 wt% silicon, up to about

0.01 5 w %-PROZPRIFRATY InGp I v BB UG 1615 \M% stﬁt%encopnvoea%batdqylm W %
iron, up t9xabouwmnd{@5 wt % copper, up to about 0.20 wt % zirconium and the
bal ance nickel and inevitable inpurities. The second nickel based all oy
used in the repair alloy blend is preferably a nickel based all oy

contai ning from about 4. gR1tp SrRRMW%oshe oM e pfaamcabout 9.5 to 10.5 Wt %
cobalt, fromabout 1.7 to 2. T Wi % nol ybdenum from about 8.9 to 9.0 wm %
tantal um fronfHbotk 5. 6 PBOBOMLGHWTERRGSPEHINT rorReREdEEd2CBaEl 1) Zh\ﬁt%
rheni um HueErEPOYorR i9nt 8152 ScMPbrink3i num  from about 0.05 to 0.15 wt%
haf nium up to_about 0.050 wt % carbon, up to about 0.12 w % manganese, up
to about 0.12 W% & I%Scénphﬁbotjoc%@t’hosb%l% b FEPRGE08E, 2R PR esbout
0. 015 wt Ysgukfield ,wikh EOLakodtud. HOIPMr-UhAE 081y UD. 415 akRUESD. 200 W % i ron,

up to about 0.10 wt % copper, up to about 0Q.0075 wt % zirconium and the

bal ance ni ckel F¥pd 3 iévirt RBPECTIRARATEPEs O | & LeRfNG S8¥B0aPAEARY diokehe

present i E‘feéfl&ﬂ;ldeth@ftOEEng aned $eeopdribieindasadiall @yqain the
repair alloy blend is re | aced 3@}/ a ni ckel based all oy containing grain

boundary §F¥%h@t’??etr‘?€rl§ Gt B dM6YS i ncl ude the fol lowing: (1) an alloy
havi ng a conposition conprising fromabout 4.75 to 6 01-233 5.25 wt %
chromum from about 9.5 ta 105 wt%cobal mabout 1.7 to 2.1 W%

nmol ybdenum f r orR R ED5 DS 2 5 REMMOSZM%
rheni um from'abeouise7o8 tsﬁ)n@l@ cywé)ﬂaanhabuel b o aabipidztra515yt30f5r8 w %

al um num from about to 0.45 wt % haf ni um_ from about %gSt00040
yttrium &p° ’E%l%&‘dfiﬁllﬁaoéon&ﬁ/‘ caarg&‘c?ntuﬁ P ShEUe 0. Sl“flﬂmft% hodtese, up
to about Qliatwtr% sselcloﬁanstu@e tMg&b@ﬂes@uEéStw%rtmqsmror OHlesUpid 0 about
0. 015 wt(VsuI i@g Eout 0. 0Q30 % bor on lﬁ)tcf ut 0.20 wt % iron,
up to abott ‘Wcl% SpBF ST t D ABBGET 02 03 W 08 aﬁfcﬁ d the

bal ance npekleértamh ianeviat abbmfmnmﬂ tnees,stéﬁaceat:b aiHa)yobawbsmgea conposi tion
corrprlsmgfromabo_luxt 5tol % ggtun% m about 9.5 to 5.5 W%
cobal t Bi BB SR 3 1 PEoE 5 B v 30}-6 R, PR ébjolutprfcﬁg to 1.75 w %
titani um oteontatpuin the7bnyind2. %m%rt, anhal operdtriony abadtiitdodd 41 5. 25
wt % al um nu fro labout 0. 001%% tohO 90 wt(V tLriul frorcrilgbout 0.25 to 0.45
Wt % haf ni uﬂf}h%l TH b5V 05 O}éceall‘tf'i"oﬁrla FoIuSiR 05T RF8¢ manganese,
up to aboptofed2i omt,%isi kheofiormipof & @bombcf:)l@da &w%rm)o&pholrout;de uihd o
about 0.015 vvt% u]r}_f% n ug tlolaé)é)ut 0. 0030 wt % boron, up to about 0.2 wt%
iron, up £5° about 0"\t 962OppeT, up to about 0.03 wt % zirconium and the
bal ance ni ckel and inevitable inpurities; and (3) an alloy containing from
about 9.5 to 10.5 wt % chromum from about 4.5 to 5.5 wt%cobalt, from
about 3.75 to 9.25 wt% tungsten, fromalout 1.25 to 1.75 wt%titanium from
about 11.75 to 12.25 wt% tantalum fromabout 4.75 to 5.25 wt % al um num up
to about 0.05wt % carbon, up to about 0.12 W% silicon, up to about 0.12 W%
manganese, up to about 0.015 W% sul fur, up to about 0.015 w % phosphorous,
up to about 0.20 Mt% iron, up to about 0.10 w % copper, and the bal ance
ni ckel and inevitable inpurities. Following the application of the repair
all oy, the conponent fornmed fromthe single crystal nickel base alloy and
the repair alloy thereon are heated to a tenperature that avoids
recrystallization and repair zone incipient nelting of the 7




A -233 single crystal nickel base superalloy form ng the conponent being
repaired. In a first enbodi nent of the present invention, the conponent
with the repair material thereon is heat treated to achi eve w de @gap3s
isothermal solidification in the repair joint. In this approach, the
conponent i s hepé esbdtd iy LARBET 88 Wihlikd ke EABIEoofdram aheut a2180F to
about 2275F, preferably about 2200F, for a tinme period in the range of from
about 5 hdapP§st s YHwidy Bfefled AP labsuPe1ovheis & iFolSedRichgdt Feeheat
treat nent thbhgrs@maigntstand Lhei r@paidiJreher kaba B € dripicdi¥a¢qol ed at a
first rate of 115F/ min. or faster to a tenperature of 2l 00F and thereafter
at a secoRd*Fares otredsini AT of thRetPrfusignt ahprttdf & Y&r -808FtYFFHtalowi ng
cooling, thgicesponenir and LBSticPaidc1TRIEr sakpt hef enip1afigsyhkected to a
re-aging treatment at a tenperature in the range of from about 1300F to
about 1600Faf dRJI AN tiqrd diln tPhehe apiyef aste oo abeemPaEHourd ther3énhgigs in
any sui tahlke-akfosPRes ©,Syshnhas ddvidui1S0aBpsiddald QSon hedRY be
desirable to performa prelimnary heat trea?mant before the re-agi ng heat
treat ment LYFRENPRE] iafichaepthbeat fo¥ cdlthatt fruy beukarat edpostt 1465F for
tenper at Urgei Actey ranee Bheingmabout ;L95AG50r 2000k Q% ralkoul 4 hours in
a protective atnosphére such as argon. It has been found that the bl ended
ni ckel al Péymiepde rt¥hst ePpalndese rdiidd Hegethbefortelns lavesmpatpbtee al | oy
for the hegabstrgad /e Qf3t he present invention. It also has been found
that a blend or mxture of the first nickel based repair alloy and certain
ones of the seRbiRr i clerifasedt alifisings thespasemrananf scéasarenehy

further strengibens dNeik@RRLE &PFdMcDY RLA%LEL NG Oraid Royndary
strengtheners to the repair material. Thi'S first heat treatnent approach

reduces | 6Wesieenperaimalemerbepieal digtiguepdndnremh sankdrat due teedpe | ow
tenper at Urt@m%_@f‘ﬂdfe Hyanghnendthd U LU BokRbZ S A8 Jneldt byel y
unaffected. The | ower "‘creep strength is acceptable for nost 8 O1- 233

appl i cat i 6REiPRCARUSERAFE SHEr FP NPT redierSefeRYPASHER TiMSs aftaritPy2B®d ni ckel
based al | yspksaf@edeyond the strength the conponent requires. In a second
approach, the single crystal nickel based all oy conponent to be repaired is
first grit bl aSRRPLATESSr LEF chPRAY B U EHEEPHBAT AR ORI SoRPREL 49T i cat i on
of a suitabhengepaldpaiBt Rbkakiafidltel dapewdelr 4818 RAIRLueIdPasse form
to the single crystal nickel based alloy conponent to be repaired, the
conponent eRPERd tHeeaepdi EhRaterPAtetther®@oitOi $1hbatd e cFacksr FAFMRPi ke

tenperat upg kfsdhesdangRvel fpemabaita235QFthe 23850f refrarabl ¥y about
2300F, followed by a rapid cool at a cooling rate of from about 5F to 100F

per mi nut 8etpteiRYAASy SHEHURS 3BFE PGS NiGACES  t B 1B ML i nTRAe range
of from aeempoﬁ%@&éwb@?%t PI&desaking /akoul e 2095F . £ yHiea0Qpeneat is held
at the spike tenperature for a minimumtinme sufficient to heat the
conponent RYBFRIEN abiipPr idRe 2EBAPOMEIR: i%® KEMAVEL °¥HéeSpi ke tenperature for a
period of abouifSdr MiRENLEsgPr theSte@id Mskrpaef es addded am abeutodd &f nutes
or |l ess. The conmponent is held, at the | ower ten;?erature, range for a tine
peri od i n®t R&"{&ivge §Per of BBLUE, hEUPSSES - 24T hourR 2 Igr 8PEFABRY about 10
hours. Fobkepegolhidoriprakebl 8abldh WYClttio hhekeDMmponentalilsysubj eaéed to a
rapid cool_ at a cooli nq‘Pr ate_of about 35F/ m n. ,o% faster Ther.eaftﬂ, t he
conmponent THESEURTEE &0 1Py BeFBIRY)i P RGELLTEnt Gk h I?%Srﬁ?erbéta&rlégi Attte
Lange of Bhﬂgtl@@%ﬁcdl:ﬁﬂ@ﬁih@bléﬁﬁﬁdﬁn frﬂi’lht&n'fgi membéf]&heré aﬁgﬂcd eaf bfa&emhabmﬁt 12
ours to 3 ours_in g, suitabl e, at nps re. In i 5, second ,apptoach, the
fepair matSiPhl | pbreABRy CORDH BU BIERA" oF Pl TR RN PRESHei ght
per cent agaslédy staissedeaalboia. a Thensecomd nicleel wbasendldroy setiosiduaserel n
connectiop with e first approach described hereipn c be used as_one of
the all oy aFﬁét#e{]‘?yedfi lprﬁﬁEBFi at DIEHE® A st4§aa %’)? ‘ﬁ%?n‘nge%@ FFFngni ckel
base al | oyefeseraled, aevd,i pheoniest iallldy is present in a range of 39
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O1-233 with the blend used in the first approach, it is preferred to use

ot her high tenperature nickel or cobalt based braze alloys, such as AMS
4783 or CO 333, as the first alloy in the repair material bl end. ghhirg3
second approach has |imted adversative affects on the base all oy

nmechani cal piopes td 05 tdRdsbikd anesulibSptdsénthiigher rb8gE! & tegperat ure for
the braze alloy. The gap width capability with this approach is sonewhat
reduced a¥t&onpht & td rehecprista ldepr Bé@hddifs*ajsfslééthéféph. i\ YRRty of

the mechanphcal rprapest woetf ectis of Qhdt Rget ¥O-ARPTNACKESsapeeshipwni iy Tabl e |
where 1X represents the baseline. TABLE | Property2200F TURBCFI X2350F
TURBOF| 7CX200F Jerfs] e TUTRE 97X BB R1EQ00FED5r |3 i Dopldogeplend, the first

Li fe. 44X @3x39008/ 25 desic 200 £ @8Ry iofre 183X SIXLA0QRIL EhelbbCofy % B3% FIG 1
shows a crack repair using the first aEproach descri bed herein. The crack
has all oxFdeses&novied 2andntiascheén T8kl yt¥illed with the repair material.

The repair mategd ati,has nhsREPesymld ¥, -89k hgi 118, Wil hout repepting any
adverse excessive diffusion or incipient nelting. FIG 2 shows a 0.016 inch
t hi ck sur Paeed bRy ¢ R HEpaPRL AN roReabPust8 approdeh deScehb@tiUiorei n. The

repair shewsna, g ¢f oply wet yr e ofs hage @l | eyopalddudl as7supgosngied, by repair
alloy. There is no incipient nelting of the substrate, and there i1s
i sot her makusgsteh £ i eeni 6ROAF ohg’ X K Eneérfhtelamdnuay ofrae #eutdup.75FI G 3

shove c00kipng. 10 e 1233 hels debate 8t osf b I Gl nbhRiapaly @ oy using

the first approach described herein and then redrill In an area adj acent

regi on. Aakerhn? O tvattitngawben aEMtcARYOBBNG- Yoatty saapgpnrad o tive

external gULLAce. 1dNA Y 8R2LEoR QY (2hawsud GERd %QOBRLELRCLSQL hargal,
solidification and no |nC|?|ent neltlngpln t he adj oi ni ng substrate. All of

t he sanpl é8°%hotP i wesel Frpurds tohekrnb Gdverde daehal RRst asdutitat ed

with the begtipgs ddpdet,appar&nindial . bheyes has-ResumPr avhdede ¥k BeRQr dance
with the present invention a nethod for repairing conponents fornmed froma

singl e crysckpl mekeineyisedle uburaiitdgswhi Ehe 1RGPS At FSRT cRa T4 DL S,

means and,adyap ages 1%§hikoki foas1eiabetopee s ML IS, thaiPkesSERLsddvention
has been described in the context of specific enbodi ments thereof, other

al t er nat i 8é3$0Y neRh ¥4 gHNiCoASOMm adlPWrard-dPi BRSO w1 IV e chFemappar &Mt o t hose

skilled igpbhe ary dwviong nead-ddha o, oregri Agoescri pli ony Jhgrefore, it is
i ntended to enbrace those alternatives, nDdgflcatlons, and vari ations as
fall w thPRlYREeHIOad o8 0pRoBt & e t9pPefdel?® clafitfium, 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 to 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



11 01-233 WHAT IS CLAIMED I'S: 1. A nethod for repairing conmponents forned
froma single crystal nickel based superalloy conprising the steps of:
applying a repair alloy to at | east one portion of a conmponent farimedsfrom
‘a single crystal nickel based superalloy to be repaired; and heating the
conmponent 5Wet hwisal chr@fdainy, d@kbayabauta d.enmper ab us ewthaiobavdi, dfrom about

recrystal lization and repair zone incipient lting of said single crystal
i ckel baded Sopor altidy Mo3YPASRG hGtF I CHRHE g £ oI CiZmnE S FRPPRERT

conpri si ngreapasibyt cod itrg 3sai decormonent, Fobhoxbdag Saisd theat ongrst ep and
subjectin% said coo] ed congongn% to an a%Lng treatnment. 3. A ne&hod
accor di ng "8B T Hlm T ORFEREE N sAi P edt Mg BB C i8S 2hedEi hft He
conponent owib hwsali kh frgRai, I fabhoyoa@it @ .toeEpepad U €0 iyt dhien, anget &fagduam
2150F to 2275F for a tine geriod in the range of from5 hours to 29 hours.
4. A met h8dVak 8y 8 FRFRE clURi kP 33PAHerdeild ¥AF FHRIRATSRS 'stEp oI Ses
heati ng t beigorppnenti rt,hupakd sipai 1o .al1lsoytt opRod@imenat ung 0b Z2R0(F for
10 hours. 5. A nethod according to claim3, further conprising rapidl

cool i ng s&i8lhest P EdiFonsRt Tan@Pewpdi P03 8% koY at® &f i%@‘itt &-%Oést er
to a tenpeeat uren ofu?kQOELANE bhem iy &dppke, Ohip 365 Modast.en heos a
tenperature of 800F and agi ng_said cool ed conponent at a tenperature in the
range of FLERPIREFDF AW FEGoR2E8RCE RiGhe pePPodnf: taRl S dRgEroF 185 oni42

hours to 3@ BOUs$.hd@ing a composition comprising from about 9.5 to 10.5
wt% chromium, from about 4.5 to 5.5 wt% cobalt, from about 3.75
to 4.25 wt% tungsten, from about 1.25 to 1.75 wt% titanium, from
about 11.75 to 12.25 wt% tantalum, from about 4.75 to 5.25 wt%
aluminum, from about 0.003 to 0.40 wt% yttrium, from about 0.25
to 0.45 wt% hafnium, up to about 0.05 wt% carbon, up to about
0.12 wt% manganese, up to about 0.12 wt% silicon, up to about
0.015 wt% phosphorous, up to about 0.015 wt% sulfur, up to about
0.0030 wt% boron, up to about 0.2 wt% iron, up to about 0.10 wt%
copper, up to about 0.03 wt% zirconium, and the balance nickel
and inevitable impurities; and (3) an alloy containing from
about 9.5 to 10.5 wt$% 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



01-233 6. A nethod according to claim1, wherein said repair alloy applying
step conprises applying a blend of nickel based alloys to said conponent.
7. A nethod according to claim6, wherein said repair alloy applyjngsstep
‘conprises applying a repair alloy blend having from49 - 51 wt% of a | ow

nel ting t%HH%iétHf§%€yﬂ3%%Ek@@sﬁgkéﬂéﬁﬁ%r%hhgy fﬁ%hfi?“ﬂﬁ%gcoméénﬁﬁvbof a high
nmel ting tenmpérature nickel based al % d8 A net hod according to claim6®,

wher ei n s&ednpgepeRrdizgd-oy Iappl §imf é@ﬁﬁ‘?|%%st1“e?prﬂr>¢|sﬁgta1¥1%%ﬁﬂr0fal | oy

bl .end havicpg EBH;T%I?’e%t w‘ijch"‘"c?(%oie 'ro‘ﬁ{aﬁf%Héﬂgtﬁé?fHQﬁ{ aluheahi ckelc hpsed
braze aIon and from59 to 61 wt?9 a high tenperature nelting nickel

based al | &p. aghigvergtissd gal?céaﬁ@lﬂrx@rntad clai fi bicathiareilin shedreepdfr al |l oy
appl yi ng %fo%ntw”ﬂ{'&% %ggkxaag & egi%'m%oﬂ!e 9y15b'rf‘é”é<1 faa%ng from29 - 31

wt % of a I"ow melting tenpérature nic ased braze alloy and from69 to 71
W % of a Wegheneteiadn éhperanee eotifoiosl abagsed B1Q°6y fo18bowt R Hoa,

accor di ngg&gfgkgﬂ;ﬂ} %bo\me ebfesaldd . gPalfe aééﬂléda[%ﬂ' ¥h09, SHEp &P”ﬂ}r lhSes

appl yi ng repair end having from 19 - wt % of a Tow nelting
t enper at uraéontcke}homé@ Brakeuwns dyfeéﬁdabﬂ—mrﬁwq olCBilqmr% of Fal howging

mel ting tglﬂgehéét'r@r&t%%lt baged. Sd%éntlilmdpt 1 Jkgﬂalarcﬁl%rtgﬂ 1torglaiml,

wherein s eafing step Conprises heating sai onent an said repair
alloy to aabifddy cemsst atupefinst kﬁ@ﬁﬁa@geléﬁ B/mgm. 2250?36'9623609 hol di ng
13

temperature of 2100°F and thereafter at a second rate of
35°F/min. or faster to a temperature of 800°F. Following
cooling, the component and the repair material thereon are
subjected to a re-—-aging treatment at a temperature in the range
of from about 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 out 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

8



01- 233 said conponent and said repair alloy at said first tenperature for a
time of 30 mnutes or |less, cooling said conponent and said repair alloy to
a second tenperature in the range of from 1950F to 2075F and hol dyng3zai d
conponent and said repair alloy at said second tenperature for a tinme in

the range @b1fic@B SnHaSse 20e hotd St ink? crbepEs ich AGCELEH BP1E Orghaaiym 11,
further conprising cooling _said conponent and said repair alloy fromsaid
first temeér tGkeltorzed ¢ldeysndst Eperaaicifethe AEFNB ot NSFCPBPADTE per
mnute. 13egfipBEhod according to claim1, wherein said heating step
conprises heating the conponent and the repair alloy to a first tenperature
of 2300F, hol difRget PRETBhEEREARC AN Mhe1NGPSi Frm%‘z THCkeai §aped salloy

tenper at Ur@mbBheAt tH M PIAEr8E 15 M N 83 10Mbl £ d GORI/LRICI ben&OMRONeNt
and the repair alloy at a rate of 35F per mnute to a second tenperature of

2025F, andeR6FdPag RV conpohéaYian R ceéparrohla gy idebdai geratbnd

tenperat upR k@510 oS 119p0AudE! Noghacear d NGy 10 Heaishl, & upther
conprising additionally cooling sald conponent and said repair alloy at a
rate of 3S5ENgEE ATVREEl orickadt Brseh R Hgivn§osareRoripoenteapdredi dilveepai r

all oy at chBBRERBLIME: Ithe! REPE 2PGR I r l10ANE 300K 10 HEGRQR tgraa tinme in
the range of from 12 hours to 36 hours follow ng said additional cooling

step. 15. tRexdphotP bk draiipegatere! th hEL raRgeePh S2am abopai 22aP (Foycappl yvi ng

step conphizgesy ARy PR A olooy, bfcs%m;w%enb?i Ri pgran haze akl gy forned
froma nickel based alloy and a braze a||Oé sel ected fromthe group
consi st i nGoet1AP ghe ke Aferfarnr ePewba? t bastlOBr ree miteys aefsrghly

tenper at urgoNickedr Basedihhaze @ | 0¥ empdfatdN A9 t1B kande oA trdh L - A9 LA
LoALA gbbﬁ% 1950°F to 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 alloys 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

9
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ca] ca] ca] @@]S@a]iéé?yrd}%q]étm]@é] padpef it cancallé A en] cajwldy 3u( v h3gle10% / &

()-@, &1 élﬂi@ (ebr=chO e &10by~ '{m@é% =) %

10% & () - 8U>"’7| 936 cygi*’gé)-ler,&:cm 1%100/%3?&'(]) BLS fod@“

109 () - 313¥RRIL} t B GY4t&i(s) approach is somewhat reduced as compared 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 .44X .85%
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 isothermal solidification
along the interface and into the buildup. FIG. 3 shows cooling
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approach described herein and then redrilled in an area adjacent
region. A ceramic coating with a MCrAlY bond coat is applied on
the external surface. The repair alloy shows a nearly complete
isothermal solidification and no incipient melting in the
adjoining substrate. All of the samples shown in these figures
show no adverse anomalies associated with the testing.

It is apparent that there has been provided in accordance
with the present invention a method for repairing components
formed from a single crystal nickel based superalloy which fully
satisfies the objects, means and advantages set forth
hereinbefore. While the present invention has been described in
the context of specific embodiments thereof, other alternatives,
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.
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100 S! 10%& () - &0! S! 10%<& () - &0S! 10%<& () - BO@L10%& () - 10< 10<
10<96MLOYKE () - ---- - - 5666 @ 10<Ls6MLO%& ()-!, "10%<& ()- ND,

"10%<& () -INDS&OmOUsSd (for X@Pairing components formed from a single

crystal nickel based superalloy comprising 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; and

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.

2. A method according to claim 1, further comprising rapidly
cooling said component following said heating step and

subjecting said cooled component to an aging treatment.

3. A method according to claim 1, wherein said heating step
comprises heating the component with said repair alloy at a
temperature in the range of from 2150°F to 2275°F for a time

period in the range of from 5 hours to 24 hours.

4. A method according to claim 3, wherein said heating step
comprises heating the component with said repair alloy to a

temperature of 2200°F for 10 hours.

5. A method according to claim 3, further comprising rapidly
cooling said heated component and repair alloy at a rate of 115°F
or faster to a temperature of 2100°F and then at a rate of 35°F
or faster to a temperature of 800°F and aging said cooled
component at a temperature in the range of from 1300°F to 1600°F

for a time period in the range of from 12 hours to 36 hours.
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7. A method according to claim 6, wherein said repair alloy
applying step comprises applying a repair alloy blend having
from 49 - 51 wt% of a low melting temperature nickel based braze
alloy and from 49 - 51 wt% of a high melting temperature nickel

based alloy.

8. A method according to claim 6, wherein said repair alloy
applying step comprises applying a repair alloy blend having
from 39 - 41 wt% of a low melting temperature

nickel based braze alloy and from 59 to 61 wt% of a high

temperature melting nickel based alloy.

9. A method according to claim 6, wherein said repair alloy
applying step comprises applying a repair alloy blend having
from 29 - 31 wt% of a low melting temperature nickel based braze
alloy and from 69 to 71 wt% of a high melting temperature nickel
based alloy.

10. A method according to claim 6, wherein said repair alloy
applying step comprises applying a repair alloy blend having
from 19 - 21 wt% of a low melting temperature nickel based braze
alloy and from 79 to 81 wt% of a high melting temperature nickel

based alloy.

11. A method according to claim 1, wherein said heating step
comprises heating said component and said repair alloy to a

first temperature in the range of from 2250°F to 2350°F, holding
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13. A method according to claim 1, wherein said heating step
comprises heating the component and the repair alloy to a first
temperature of 2300°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°F per minute to a second temperature of 2025°F, and holding
the component and the repair alloy at said second temperature

for 10 hours.

14. A method according to claim 11, further comprising
additicnally cooling said component and said repair alloy at a
rate of 35°F per minute or faster and aging said component and
said repair alloy at a temperature in the range of from 1300°F to
1600°F for a time in the range of from 12 hours to 36 hours

following said additional cooling step.

15. A method according to claim 11 wherein said repair alloy
applying step comprises applying 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.
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