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(54) Title: WELD REPAIR OF DIRECTIONALLY SOLIDIFIED ARTICLES

{57) Abstract: A directionally solidified nickel-based superalloy article (40) has a de-

= FURNISH ARTICLE | _oq fect (58) therein extending parallel to the solidification direction (54). The article (40)
= WiTH DEFECT is repaired by removing any foreign matter present in the defect (58), and then heat-
E ing the article (40) 10 a repair temperature of from about 60 to about 98 percent of the
= solidus temperature of the base material in a chamber containing a protective gas that
(—— REMOVE FOREIGN inhibits oxidation of the base material. The defect (58) is filled with a filler metal while
— MAETEE:::&BOM 22 maintaining the article (40) at the repair temperature. The filling is accomplished by
= providing a source of the filler metal of substantially the same composition as the base
— material of the directionally solidified article (40}, and melting the filler metal into the
[=—— defect (58) progressively while moving the source of the filler metal relative to the arfi-
] HEAT AR |24 cle (40) in a direction parallel to the solidification direction (54). Optionally, additional
= TEMPERATURE artificial heat extraction is accomplished in a heat-flow direction that is within about
= 45 degrees of the solidification direction (54), as the filler metal solidifies within the
g e T o defect (58). The article (40) may thereafter be heat treated.
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Abstract: A directionally solidified nickel-based supgrai RAfoki cl e (40)
has a de- fect (58) therein extending parallel to the so?$d$¥%cation

i tor present in the derW0 044419%0 Allen ndatINRTNUREMBRMEIIRGNN . , .

repair tenperature of fromabout 60 to about 98 percent of the solidus

et R R o A R B

- with a fil barcAreNaiw, w NGE NE, SR 0 BG)Ni ng ;tnkgefea&hwgﬁz sde 40h PAT GizBi 1 epai r
tenperatpre The fllllng is acconplished by providing a source of the
fillef" antlally the sanme conposition as the base material of
t he dFFecf B4 ied article (40), and melting the filler netal
into the defect (58) progressively while nmoving the source of the filler
netal relative to the arti- cle (40) in a direction parallel to the
solidification direction (54). Optionally, additional artificial heat
extraction is acconplished in a heat-flow direction that is within about

45 degrees of the solidification direction (54), as the filler netal
solidifies wthin the defect (58). The article (40) may thereafter be beat
treat ed. 17 August 2005 WD 01/41970 PCT/ US00/ 27785 WELD REPAI R OF

DI RECTI ONALLY SOLI DI FI ED ARTI CLES This invention relates to the weld repair
of articles having an oriented grain structure produced by directional
solidification, and, nore particularly, to the weld repair of

bst
rmft:r) P >




directionally solidified nickel -base superall oys. BACK GyolHE

| NVENTION 5 Metallic articles may be made with a direction y solidified
grain s to enhance their mechanical properties g @ofyAked

t enpera ﬁ’rﬁéﬁ'ﬁn directional solidification, nolten netal in a nold
defining the shape of the article is cooled wunidirectionally fromone end
of the mold. T I ALt ' the end from which heat is
renoved, and t%ﬁ%&ﬁﬁh@#ﬁbﬁﬂﬁ%@@@ 4%%% ure falls 10
bel ow the solidus tenperature. The resulting structure has a nunber of

grai ns t hgthifnfentRinGeRAses 4Rl WA rtir SR i p§ t he
heat flow direction. The grain goﬂlﬁrdarl eesle%lr?éevutl %pﬁéﬁe@%[aﬁéeﬁkeag flow

di r ect i onpamsiuged by ditieetigmisolidifiggtionn ahy, mafe wirticulanly abitbaiveltl gpairof
structure accor dbn% i\& tge.fafgest growi ng crystallographic direction or a
seeded or PERetAnaly Splidifisd nickel-hasersyperallays-i rst solidified. The grain
orientation is 15 selected to achieve good high tenperature properties. In
service, g IQGR'G’('HS’U@?Q‘I@'H@’: gEfoNpal solidification is positioned such
that the %Jor mechanr cal T oadi ng IiUsiqilapplied parallel to the heat flow
direction during solidification. The orientation of the grain structure
par abl el Metallie anecles imaywbelimadet with a directienallyesdidifieb pramts@utiire $6 r engt h
in this directiaop.. Addi.ti pnally, the orientation of 20 the 8[ai n boundari es

paral | el t2Pfe tReinimechspical muepsriies @ rlevated Hempergtugesc elio flirgetigna!

boundary LT | L di f:ircats | fahricate cast
articles %@%ﬁ%@h’- ﬁg)tzliﬂseg r}géut%gga oélﬂsi (ﬁf)in%% B%esgﬁﬁg oﬁ'ﬁge ﬁ%fctleeést c‘f:f’g?fi ons of
ai rcraft widiredionbly frofgorasmd dMBOmoE Thé ireldd sbidifles A&t homalehd fioal 1 di fi ed,
there may be casting defects, both of types comon to all casting

pr ocesseswhigh hgatds resoviedpans then glong the lehgtbafithembldsas! theltehipesativerfallo5 These
def egt s of.t en..manj f est ed as, cracks, particularly.intergranul ar cracks,
tha b ex'?geeﬁ%?’v rsé’IhH'Zﬁ ep}gqfdﬁge.dﬁpg&sp g W‘lﬁccllaélai IFE&FE’%HTS t#*ﬁé‘F"e may be
ot her typ4eén BRAL S il L, Q) .3 a-mep i ng
service. 1 1@@%@1@2%38{588 Tﬁg di rgrgtqag%}'ﬁ Iﬁ%/ﬂ%oqe?gﬁ#g& eg{ri'%}'c esg%#{e

rel ati velboundariassire/paraliel to et flow directidreasefell. eThelgains ajpieallycexhitini r t he

defects produced during casting.or seryice, if such repair is feasible. In
one appr &Q&EEH-E%MfS ptursAccawlingtedhe tastasterowing enysiglipgraphis diregtionahi ch

or a seeded orientation introduced at the end first solidified. The grain orientation is

15 selected to achieve good high temperature properties.

In service, the article made by directional solidification is positioned such that the
major mechanical loading is applied parallel to the heat flow direction during
solidification. The orientation of the grain structure parallel to the heat flow direction
places the g-catest material strength in this direction. Additionally, the orientation of
20 the grain boundaries parallel to the heat flow direction reduces the incidence of grain
boundary creep. Directional solidification is used to fabricate cast articles of nickel-

base superalloys to be used in the hottest portions of aircraft gas turbine engines.

When the articie is directionally solidified, there may be casting defects, both of types
common to all casting processes and also of types unique to directional solidification.
25 These defects are often manifested as cracks, particularly intergranular cracks, that
extend parallel to the direction of the solidification. There may be other types of

defects produced during solidification and also during service.
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the defect is filled wwth a filler nmetal and solidified, her
filling procedures. Such techniques are known for equﬁgfggggg%ﬁéles.
However, when applied to directionally solidified articles, the result is
an i nadequate repair that has an inhonbgeneous m crostructure and whose
mechani cal properties are unacceptably low The repaired article may al so
tend to be of less ductility than the defect-free article. There is a need
for an i mhe ovedioagipr sulidifiddartitles drepelativedy ethensivt ik® palduye. I0isithkdréfoesd

metallic articles. The present invention fulfills this need, and further
provi desdesipbledd repaiy Hiet defeds pRIAUER SuAMGARMSLAE oT HErViedyERFTUchINe#ie ipr esent

inventio vides a nethog f epai.ring.diirectignal ly soli.dif,ied

ot ol eareeBbReESE: Srttrcp e Bl SR2 He AR PN RS e i i e and a
grain st fldGlefdce is ilad with LHIBNHRAI Shasbidilivd, (R HyhehePhililiSorbsdMmidader of the
article. The result is that the repaired articl'e has properties which are
t he sanmeSadh aechgiguee atd dawwino fdihegeiandd tandcliesd eflewtvdry edheponppled tf t he
article. The repaired article may therefore be used in service wthout
subst ant flizgctipad e splidifipd) stielger theetesgld Boap dnadeaipientepaigethatthag rde article.

A net hod, for I directionally solidified article ises the
steps of mil&&?%‘?ds%ﬁ‘l{]glfﬂ gr.o%ﬁcé%r i%ﬂa ﬁ?}segglle? ﬁaLarcﬁ)re??eé I %rep%ﬁ%%gbﬁg a base
mat er i al oAVt GrepairedCArtigldSmh £ HRE tatkd! kL ba e 183Vduedliy fhaRahé deReLHOEE W th a
grain structure of grains elongated substantially ' parallel to a

sol i di fiaditheon direction. The repair region includes a defect that is

el ongated parallel to the solidification direction. The article is heated
to a repair tenmperature qof from about, 60 to about_ 98 percent of the solidus
t enper at UHES 15 Resd fonen lm‘@%eg]aﬂppmd&ﬁo éh%ﬁ@)aﬁeqfegﬁctlanﬁfyOﬁté@eﬁ‘?£ gas t hat

i nhi bi i dati,on-of th ial . The. defect, is filled wifh
i1 er B RIHES Tt rrRe R b 25 Frahapdrt et ire. e

step of idvlahﬂag%.i ncl udes the steps of providing a source of a filler netal
of substantialfly the sane conposition as the 2 17 August 2005 base
material of the directionally solidified article, and nelting the filler

met al i NBRIESUMMARG OPrTHE 8SVEXAI@Nwhi | e noving the source of the filler
netal relative to the article

The present invention provides a method for repairing directionally solidified articles.
One approach produces a chemically homogeneous structure, and a grain structure
that is oriented similarly to that of the remainder of the article. The result is that the
repaired article has properties which are the same as or quite close to those of the
defect-free portion of the article. The repaired article may therefore be used in service

without substantial reduction in properties as compared with a defect-free article.

A method for repairing a directionally solidified article comprises the steps of
furnishing a directionally solidified article comprising a base material having a
solidus temperature and having a repair region with a grain structure of grains
elongated substantially parallel to a solidification direction. The repair region includes
a defect that is elongated parallel to the solidification direction. The article is heated
to a repair temperature of from about 60 to about 98 percent of the solidus
temperature, of the base material in an atmosphere of a protective gas that inhibits
oxidation of the base material. The defect is filled with a filler metal while
- maintaining the article at the repair temperature. The step of filling includes the steps

of providing a source of a filler metal of substantially the same composition as the
2




in a direction parallel to the solidification directiong Ahgfidoker netal
may then solidify wthin the defect. Optionally, heat may be artificially
extracted fromthe article in a heat-flow direction that is wthin about
45 degrees of the solidification direction. The article is preferably nmade
of a nickel base superalloy. The defect i-n the article is typically a
crack extending parallel to the solidification direction, and nore

t ypi cal | basesnaerial of theglimotidnatly soladified dtielej mdemelitiog thedfillr st pepald e t o
repair o r types. of fects well. Prior.to heatjing, it is preferred
o r emov ety GrSTly il BovgBe Anecs A el P T oclieodiRr ¢ ne
forei gn Bt §idctibf paHal th ¥h SRRt iS8edtibn, Thd RO HetAVRYy BRA SoR@Rer | al
around the defect, creating a cavity that 1s to be filled wth tthe filler
met al , awdhinhtbeideteict. YOptiopally, hgat ey be paificizlggexdracted rfream thagrtickaindef ect . One
enbodi mept of the present approach pr.oduces r Lred region in which the
or 1ot nal Pt cifccBon Tably vAER 255 48 dReefetae RS AR BRER ol ol "of 't he
article. The heating of the article to a high tenperature during the
filling ohe bARICR REferdtdfHEAS oF ASickeNbhsianperalby] TIeOTREt Rithd hticket ween the
filler metal and the base netal, and also reduces the |likelihood of

f-ai | ur esisofypidaly baseackeexbndinge pacllebw dhetsolidificaiddn tdivectivas endmebed | n

i nternmedi ate_tenperature ranges, The grain structure of the repaired region
that ori §Pieally ¢ #gntesgawyar gracky dhe &veptgn ﬁﬁsosfm?ra%éﬁ torrgpaighei®Pehe rest of

the arti Th ' ruct uc.e of, . [ regi ARY, grai ns of
the bas e&rrg?fg?ts ga(%?r&(p%is ir"l?l?é)rn%ofrﬁli%ﬁ. ’eé 1%)}'?%1%1?%? t'lf:' %g?ﬁgggg ?gl Nar E@é‘% flow

di recti opreshiiéh tHeedd@éch Thd MRl bethedbRigl SRtBAshaly dRomplsi@dy f | ow
direction. The grain size may be different, but the oriented grain

st r uct ur grisfing hway bpwi matgrialegoanl theedsditct,screatingoa caityi thateisttodfe pilaberti es as
m ght be opserved if the grain structure in_ the repaired._region were

equi axedwaﬁ thfaéélfegf%qt% miqaly C[S‘é?%ﬁ‘&? TERFinFeEion qoRirinipg ﬂ&i(f’? theat flow
di rection. Enbodiments of the present approach thus allow defects in

as- cast hees Ut ield. [ | | Lo f.] ar t.1 be

r epai redé\{}\? '?“ ﬁﬁég@%nﬁ)'l{f tﬂ;ieiza,ﬁféls?lﬁa g{ﬁalr:lg%ﬁt%:dtu}égigir%{?g% ?%625%@2%“%1‘ the .
arti cl eserighdledefdcedd filled wathdhadmaohaaatal @b thdbasermaeindf the\wetidle.otheM || 3 17
August 2005 be apparent fromthe follow ng nore detail ed description of the

~ pref er r elgating of the article to a high temperature during the filling of the defect reduces the

incidence of incompatibility between the filler metal and the base metal, and also
reduces the likelihood of failures of the base metal due to low ductility of the base

metal in intermediate temperature ranges.

The grain structure of the repaired region that originally contained the defect may be
similar to that of the rest of the article. The grain structure of the repaired region may
have grains of the base-metal composition oriented parallel to the original heat flow
direction, and the grain boundaries are also parallel to the heat flow direction. The
- grain size may be different, but the oriented grain structure of the repaired region
results in no impairment of properties as might be observed if the grain structure in -
the repaired region were equiaxed or had grain boundaries perpendicular to the

original heat flow direction.

Embodiments of the present approach thus allow defects in as-cast or service-utilized
directionally solidified articles to be repaired with very little, if any, reduction in the

properties of the articles. Other features and advantages of the present invention will

3




enbodi nent, taken in conjunction with the acconpanying e}rfmr/%'ugtgj)osv\hi ch
illustrate, by way of exanple, the principles of the invertion. The scope
of the invention is not, however, limted to this preferred enbodi nent.
BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1 is a block flow diagram of an
approach for practicing the invention; Figure 2 is a perspective view of
an article having a defect; Figure 3 is a plan view of the article

‘under goi.hg #mpsdnt ; fibinguhe Mllowing seeti dealled/idsacriftionhefatiel prefenéd Fi gure 3,
taken along line 4-4; Figure 5 is a _plan view of an article repaired by
anot her ata pdment, taken lweruthltonémﬂs%ﬁ@cwpw& HYBIREs.oRaicl Ffétes is a

f . f d
SEIEE R A I ()
panel . ﬁ&&ﬁ%@&ﬁ@hﬁﬂr%@mﬁh@ﬂ%hm ON Fi gure 1 is a block flow

di agram of a preferred approach for practicing the invention. A
directionally solidified article is furnished, nunmeral 20. Figure 2

i |1 ustraBRIEE PHESCRIPHIONAE SHEIDRASINGS f i ed article 40, in this case a

t ur bi ne bI ade for a gas turbine engine. The turbine blade 40 includes an

irfoil t h the flow of h haust di.rected when th
ur bi ne Bl <6 TIRCCARY diagrm ofif Sre i oty Be TeRES Ly bi ne bl ade 40

i s nount ed to a turbine disk (not shown) by a dovetail 44 which extends

~ downwar dibufd o104 bideOlibw B BRIcCRNBRERS: def&kot on the turbine disk. A
platform %u}ext enﬁﬁsqaongl tlu“éll nal | ycout wardly fromthe area where the

airfoil 42 is 4 17 August 2005 WO 01/41970 PCT/US00/ 27785 joined to the
dovet ai | Figdre Aisraplineviewfofithe aticdangdergsingaepamay ext end t hrough the interior
of the airfoil 42, ending in openi ngs 48 in the surface of the airfoil 42.

ortions of th arti e40 ted with a protective coating.
The presE‘rﬁ*llre RASHEHgN! Yig &J@%’F@e ¥ ?H pngdine 4The preferred

application, and with other directionally solidified articles as well.

Exanpl espfrP5he% fhd Mdwe st 4 efidld réRrell WyPiddther approach, not within the

scope of the invention;

Figure 6 is a sectional view of the article of Figure 5, taken along line 6-6; and
Figure 7 is a perspective view of a typical inner or outer duct liner panel.
DETAILED DESCRIPTION OF THE INVENTION

Figure 1 is a block flow diagram of a preferred approach for practicing the invention.
A directionally solidified article is furnished, numeral 20. Figure 2 illustrates such
“a directionally solidified article 40, in this case a turbine blade for a gas turbine
engine. The turbine blade 40 includes an airfoil 42 against which the flow of hot
exhaust gas is directed when the turbine blade is in service in a gas turbine engine.
The turbine blade 40 is mounted to a turbine disk (not shown) by a dovetail 44 which
extends downwardly from the airfoil 42 and engages a slot on the turbine disk. A
platform 46 extends longitudinally outwardly from the area where the airfoil 42 is




- engi nes include turbine vanes, m xer nozzles, inner angd gﬂ} Lt Agpgnsi tion
duct liner panels, and transition duct struts. Figure '7 eggll cts a typical

i nner o 00(1[{}48{70dum liner panel. The turbine blade 20 igpyipdde2Phsa
nmetalliCa base material that is preferably, but 10 not necessarily, a

ni ckel - base superall oy. The preferred alloy is nickel-base, neaning that it
has nor e ;pi | pes cent ] er el rgferred

ni ckel - b;lgiélggﬁ{) 8@%/ Péﬁéﬁ ggﬁ'er‘%lul :)P,e} gﬁlg?t%gms&rsg‘_’%ts H%%ggﬁgtﬁd @%‘_&ﬁbﬁ%"at i on of
gama priiferiof of/the airfdiy4ieddiNg, it iopenifgy 48 ialthé sirface of RFHEMBAYR! All he al | oy
has a solidus tenperature, which is the tenperature at which, upon heating
a sol i d mereenssef theartigle14) may berersed Withna protettiveatoating. aThe grasentphase
first appears...the | ntipn is erabl.e Lth,other allo | 1.

ol o Taergionit Bpidbfi ok Roobine AR g rdlptrd S ne B G i oM s et
apprach difeBddafly sRedigied Qfticldda wdL. %ﬂaﬁgi RVf ofRFBRR s R inl bRt
percent, of about 9.5 percent cobalt, about 0%% per%%r%@%#r%%%about 4
per cent reogipes éminde tihine vaney) misernorzldsyingst emd oafes wtanditipr duentinal uni num
about 5 percgent titaniu about Q, 75 ercent hafnium about, 0.2 percent
carbon, 248 &WG&W?WPE%F M- g&&‘-‘Eﬁ{] H%Ptﬁﬁéﬁplcﬁ'i igRen orMderidusLiner es; Rene
108, hav'gggelgi nom nal conposition, in weight percent, of about 9.4 percent
cobal t, out 8.2 percent chrom um about 0.5 percent nolybdenum about
9:5 percent tungsten, about 3.2 percent tantalum about 5.6 25 percent

al um numThaiarbinethlade20 tsenade oft amictalic aloyasd natqrial dentis preferably) bvbout 0. 1
percent car bon, af)out, 0 15 percent boron, bal ance nickel and inpurities;

Rerl® 15010t Besg¥sARlYaa piskehbases % i Bis prefemrad ploy ispickebbase, reaningut 12

. percent . ' rce no. num
bout 5 BaFches AR bioka) 87 kAR SRGATHAN ool M SeliRt S P comn
t ant al umickélchise blidy arsuperalley, whtl fysienghendd iBitatfohot aﬂ:ﬁna“%ﬁhﬂét 2005
PCT/ USOO/127_785 ?3 p?r ce_ntpi r_oﬁj,( bal anc?relg%i cke%%%gi nmpur i% es; Rene 142,
havi ng a(tpieral Ni;AdaXids peitisles im angamgmia petrbent Thofallayobas 22sqdigus ent

cobalt, ﬁ:lr)z?p%tratgfe?wﬁl%mse He temperature at whick, upon heating a solid material having

15 the composition of the alloy, a liquid phase first appears. The invention is operable

with other alioys as well.

Examples of preferred nickel-base superalloys operable with the present approach
include Rene 80H, having a nominal composition, in wzight percent, of about 9.5
percent cobalt, about 14 percent chromium, about 4 percent molybdenum, about 4
20 percent tungsten, about 3 percent aluminum, about 5 percent titanium, about 0.75
percent hafnium, about 0.2 percent carbon, and about 0.015 percent boron, balance
nickel and impurities; Réne 108, having a nominal composition, in weight percent,
of about 9.4 percent cobalt, about 8.2 percent chromium, about 0.5 percent
molybdenum, about 9.5 percent tungsten, about 3.2 percent tantalum, about 5.6
25 percent aluminum, about 0.7 percent titanium, about 1.5 percent hafnium, about 0.1
percent carbon, about 0.015 percent boron, balance nickel and impurities; Rene 150,
having a nominal composition, in weight percent, of about 12 percent cobalt, about
5 percent chromium, about 1 percent molybdenum, about 5 percent tungsten, about

2.2 percent vanadium, about 6 percent tantalum, about 5.5 percent aluminum, about

5




chrom um about 1.5 percent nolybdenum about 4.9 percghta|digsiogn, about
6.4 percent tantalum about 6.2 percent alum num about 2.8 percent iron,

about 1.‘,51-,51,419{00ent haf ni um about 0.1 percent carbon, apepisédRigs percent
boron, balance nickel and inpurities; and Mar-M47, having a nom nal
conposition, in weight percent, of about 10.3 percent cobalt, about 8.4

percent chrom - abo ; C . vhdepu oyt 9.9 percen

tungst en, ga%WSqﬁap‘e&%%g%%%%? aﬁ?mlmggl_aﬁ%’ 5ﬁgnrg p@?cgﬁ’?’ g Gr’rp?ﬁ'}fﬂai about 1
percent t¢émaposition, aipoweight PeRRhE ot abadtni 2 PerchP ¢bbilt, 2abdlit RES GRRenf ar bon,
bal ance ni ckel and inmpurities. The present ‘invention is operable wth

ot her al | @ygmasmnabout Ithgerent molybiionim, ahouti 49 Ippraent pmpstinpybaiit Get t i onal
ani ci-pr ob 86tk sl 67 néfe bt Bousoh grrcen Gonthabh Iobuncar | es
50 eyt enddiger: BRI sut 01 PefRni BELGH, tab&dtg“gl%%e%%n? B&%Ebalé]:%l%ﬂzegllﬁ&ef' § 52.

The grains 52 are oriented With a preferre ogra rection,
such as [®GmpuntiesiendddareMan7 havinga néminabesmpositien, dh kejght ppread, b2l to a

solidificati | rection 54, The grain boundaries 50 are also parallel to
the sol |%|°P?g§rd$ dwrgqn,tegasq:agn a@ﬁ‘.‘tgﬁ‘fb%r‘ﬁerﬂéi ¢hrowiinaacpeat 9754 pEragrki bl e on
t e surf [ n teql ' Lo

crystall g’g‘?ﬂ’gﬁ?’i i?%{:l{tig(:')én?eéc%n% e Srglr %Esj&gzﬁi(#ez%é&%%gh%rn}iiérg%gf)gr‘?dari es 50
need not peeceak ahimivumaabduted péroerthitasiahi, dbbucRS ipefredt hefhiAaboad 0. 2but are

typically within about 15 degrees of the solidification direction. The
yp y %?WB k% .

art 1€ e RSrGER}CcUPAy ¢¢iekdl gnd igpugities. dhe pgesentinpentionds pperablaadthar e not

par al | el 'ﬁification direction 54, particularly in irregular
areas suc %-Satll?ﬁseﬁéswg form46. The article 40 has a repair region 56, where
the grains 52 are elongated substantially 25 parallel to the

sol i di fi Cifei articlgi40eistiniiiallyprepured by rdirRaon SofitifRaton. TNhe eRAt b fRYI ON 56
includes a defect 58. The nost common type of defect 58, which will be
di scussedlireptiongl selidificatiom procassing, which proessa ik weHli lotovex irefigtsart, isar dl y f r om

. BREO%R R b BHRT 0 SRS et Mo e EELAE, e
ar ?ﬂg?g@%ﬁhé&ﬂ@ﬁ%& BRI RARNGridHted W3th2Pprefittdl Gy duopapRl 2005 VO
direction, such as [001] in the case of most nickel-base superalloys, parallel to a
solidification direction 54. The grain boundaries 50 are also parallel to the
solidification direction 54. These grain boundaries 50 are visible on t; ¢ surface of the
article 40, and penetrate its interior. The crystallographic directions of the grains 52
20 and the grain boundaries 50 need not be exactly parallel to the solidification direction

- 54, but are typically within about 15 degrees of the solidification direction. The
article 40 may also include some grains and grain boundaries that are not parallel to

the solidification direction 54, particularly in irregular areas such as the platform 46.

The article 40 has a repair region 56, where the grains 52 are elongated substantially
25 parallel to the solidification direction 54 in the manner described. The repair region
56 includes a defect 58. The most common type of defect 58, which will be discussed
in greater detail herein, is a crack which extends inwardly from the surface and which
is elongated parallel to the solidification direction 54. The defect 58 is typically
intergranular, that is, in the grain boundary 50 between two adjacent grains 52. Such




PCT/ US00/ 27785 an intergranul ar crack may be formed durin i<recti onal
solidification casting procedure in which the article IZdﬂfé“Qt?a@fs or it
may be r uring service. The invention is also opgiaifebdrssepair

ot her t e@ﬁg?ﬂdef ects. Exanpl es of such defects incl ug;e those that are
formed generally during casting, such as inclusions, regions of 5 non-fill,
and porosj.t d fects that are sociated nore directly. with,

di rection ﬂl‘tesrgﬁngfasic& R Pﬁ@%@@@g&,@ﬁ: ‘géeq‘f)@@k‘?oé’g‘ 0B f@PRs grain
nucl eat i orocRiY irf Khidhehe Ghkclé 801i8'68st, 10k X AP hofmed BMe

corrosi o(r){?r and hot streaks. The éef ect 5% typi cé) ;:/&ggr;lﬁ%asm ouéspilepes of

f or ei gn riavensiondslsddpdrable tbhrepaiegthentypeofdefedie Befmples ofsich defectd ong t he
si des of .an i,nt.ergr.anul Céka. g'e foreign matter 10 may include, for
exanpl e, B%irdethos Fh?amaf%ﬂ}a g9 dughig qaping, sweh asipelusiosapgionseli gn
matter i r I, far t [ he

ot ot 5O ld pdcpaty” aRl BERER th € B G AOM IRHT BBl e Ryel TPy 20

The f or eisplidification ,prode%sdspkudlﬁm)ﬁedde%ﬂ@fs?ﬁﬁm&r greienidlédtidnne Skividd ng of
the defeci _.and. al so | eave the repaired defect weak. The renoval of the

.

P .
foreign rfefectsincluds, or examply, mepashpysntn sqrrosionyang hatstreekst he base netal of
the article 40 away on the sides of the defect 58, typically to a wdth of

at | east ' : )W(]&ev I ieQH ] . ect. 58. The
region 536’%%?%“{‘%389‘t l ef e@?}ﬂ%,gﬁleg|°§§5%@nﬂg%€gﬁ$@?§éﬁﬁkﬁﬁgg by using
an aci d t56 ofetendefet, Sueli as aldhg thessiddd dfaa entefgrirtitar @@ko THe Gorelgttmagsul t Of
the remval _of foreign matter is usually a |larger volune of material to be

fillled tmeay meluds for ofammle odes iigipusty pertistes, andithe ket R¥hpreesisht

pur poses VOl U il still be,ternmed e def ect.. e arti I,S heat ed
to a repglsl{;%"éﬁ‘b'vlgsfﬁdrﬁ%?n ’n‘tﬁ@rg?' : .re’ﬂ?é'eé&?% éﬁ%w?g_?ﬂfﬁbe aeglﬁcgrsgt!on nust
be perf opfiBfltcrthe stiBseghematepd of ﬁi@#ebaﬁ%%&&%tn%ﬁralm? THel fokdign ation my
not be performed at roomtenperature or a lower tenperature than that

speci f i etf nofesemndved, thghtrigteafere wathptheafiliing, o thet defecteped alsoiledventhe be
successful . .Th epair tenperature i s, fromahout 60 to abouf 98 percent
of the s&RaEd ﬁf’f—?ﬁg@f’%{‘t‘u ,rep‘g’}”éf ‘é&éﬁ freigngnatias de prefuably aseemoplishedper cent
of ytshe sql,i LSy : S tenla a up the
ar el e 36, iRt HRCbRE thétal OF e iBlo 89 apaf3h Y SHECHE HINBRVGE, 1P
oper at i otypisallly toatwildth aflt texssdbout ewidé as widieas the otiginabaridth of eid deftd Wi | |

not have_adequate properties. The repair tenperature cannot be higher, as
the arti &¢-eThe region 56 containing the defect may also be chemically cleaned, as by using

an acid to remove a layer at the surface of the region 56. The result of the rem. val
of foreign matter is usually a larger volume of material to be filled than the size of the

20 original defect, but for the present purposes the volume will still be termed the defect.

The article is heated to a repair temperature, numeral 24. The subsequent filling
operation must be performed at the elevated repair temperature. The filling operation
may not be performed at room temperature or a lower temperature than that specified
next for the repair temperature, or the repair will not be successful. The repair
25 temperature is from about 60 to about 98 percent of the solidus temperature,
preferably from about 60 to about 80 percent of the solidus temperature, of the alloy
base material that makes up the article 40. If the repair temperature is lower, the
subsequent filling operation will not be successful and/or the final repaired article will
not have adequate propertieé. The repair temperature cannot be higher, as the article .




7 17 August 2005 WO 01/41970 will be at risk for incipij qr};heéﬁggjdo RY.
PCT/ US00/ 27785 During the subsequent filling operation, 't enper at ure of

t he reg@blﬁe font aining the defect 58 may be | ocal |y hicaingdoohesguse of
the fil ? being nelted into the defect 58. The "repair tenperature”

specified above refers to the tenperature of the 5 bulk base material of
the arti {18 : 58 produced by a general heating of the
articl e,gg lgle%(l)t wﬁohﬂl&é‘ﬁ%&géﬁgé 58. The article 40 is generally heated
in a welding chanber, by any operabl e approach. The wel di ng chanber

sur r ound<Drrtiveg ﬁ!etshbd;equamtﬁilmg pperation,ithe t@mseritirt of] mélrdgudxs% exitghairigon of the
article 40 duri n%the i.11ing. procedure. The preferred protective gas 10 is

aL gon ﬁt the EF@@E way bedogally beepse of thestil ﬁ@etahhﬁlqgmléed lﬂt'éﬁl@agg into
but t he aRdst 38" 3EC S drtReraite e R Ruled B 3 i e PR e B e “arvoun

t hats wouly[ioe4se hatérihl bh&e&h&ﬂé‘@@nﬁr 16 B defeet Sggto\dﬁcm a géiRraMbkatinpy chanber
is preferably a lg ove operatlng at a slight positive pressure
€1

(typi cal lof thebantic thlmitm&Bnﬁm defegt8e i nch 15 above at nospheric pressure)

of the inert gas processed as just described to achieve high purlty The

I nterior eate r to the start,.of wel to
out gas o@&@ﬁgaﬁ%bggg?&%a"hgcag%ﬁ% @1&3}?&5@%@ a?ynol?%blﬁrag?@raf d case of
wel di ng urieke kveddifp WhaRtibet tsrrotiedst R 8191k1Q Hith ﬁ%rﬁtebﬁvé %@ﬁhﬁtomhﬂﬁts“t ain the
oxygen content of "the inert gas at |ess than about 1 part per mllion 20

(ppm, bewsdlation of dicdrtitle dQydyeing she HHipgyprosadure e'ﬂl@fefcynedgareﬂemgg in the
ni ckel - base s eraIIo ce the weld uaI|t r the sa reason,
theloi sILAEORAH ¢ shigulst B Qprettoshacte, iy PEkedPgKaZB AROuREN e dew
poi nt of cﬁiiﬂb%ﬂ“efﬁe fochl ehﬁé&t kgﬁﬁnr%%smﬁfﬁngmﬁeoﬂﬂ&?ﬁngﬂgt figi sture

contents may be malntail ned”at l'eve y passing the Inert gas

t hrough amountafloxidativn iggrsathiredtcedras cpmpated dviti thd aR0nthatvedudd ecédr ent er s

t he wel di ng chanber, and continuously monitoring the ox%?en content of the
i nert gad the absence of the protective gas. The welding chamber is preferably a glove box

operating at a slight positive pressure (typically about 1-2 pounds per square inch
15 above atmospheric pressure) of the inert gas processed as just described to achieve
high purity. The interior of the glove box is preheated prior to the start of welding to

outgas oxygen, moisture, and other residual gases.

In the preferred case of welding under a high-purity inert argon gas, care is taken to
maintain the oxygen content of the inert gas at less than about 1 part per million
20 (ppm), because residual oxygen strongly oxidizes alloying elements in the nickel-base
superalloy, to reduce the weld quality. For the same reason, the moisture content of
the inert gas is maintained very low, with the dew point of the inert gas of less than
about -80°F. The oxygen and moisture contents may be maintained at these low
levels by passing the inert gas through a nickel-train gas purifier operated at 1600°F
25 before it enters the welding chamber, and continuously monitoring the oxygen content

of the inert gas.

The defect 58 (as modified by the removal of foreign matter) is filled with a filler

metal while the article 40 is maintained generally at the repair temperature, numeral




The defect 58 (as nodified by the renoval of foreign n’qyﬁ Hokilled with
afiller metal while the article 40 is nmaintai ned genera at therepalr
tenperature, nuneral 17 August 2005 WO 01/41970 PCT/ USOGicafifdhan?fes | n the
Filling™SHB8380 3 source of a filler nmetal is provided, numeral 28. The
filler netal is of substantially the sanme conposition as the netallic base

Var a1 ordd. 1 SR pritReS aibiel of 1 el Rpr RS Binkrel 28 THE R, 17

process imetabisf off dubstaatigkty €ed samhé borapodition ab e m@ta@w badeemsRfigl HOAPOSI tion
as the nmetallic base material, and also to achieve a _directionally

or i ent ed Yhigh thesartiglet4dris formed generally. Forveaverayinprvarationy | nbmmsltmnr orm

T 40 B 5 P e SB EL o,
i ndi gat echfapoptiie rsﬁ{ne'i%mpo%ﬁﬂmtd%ethéi afcesllic Bhicemalcpab Al zﬂ’{o f0fcBied8 al0 Matter

(step 22) is indicated as nuneral . A source 59 of the filler netal is
mel t ed |d1teotlo¢élycm‘fwlﬁd gﬁumtmgmﬁ'h@ﬁ;lclvmmaémw\heng anyepeareblederms9 of t he

filler negal tive W?thl%aﬁtl Oinadrection parallel to the
solidific ’qu?}FF ors irclpcasyweld igd ap POW Flustration of Figure 3, the source
of the filler netal starts at a first end 60 of the defect 58, and is

gradual | XFlgﬁ}%?@ eﬁﬂ%'dlﬁtrai@tﬁe‘”‘n%pﬁ@'rb@bﬁ'%aﬁﬂ gz‘éaféi- rd%&ﬁl' O Prhut®32ainkd> second
end 62. Th relative notion nay be acconplished by keepind the article 40

st at i onaroyigiad dafeet :sgndiwetedcasrmlm&ﬂ 5& papd thy defiect sfter ce@d@! of ftreignary and
novjng the article .40,.. C tion of Se venmen source
50 Ut hdoatier (s #ﬁtlérnqlgatgf %—%Q}m (3K f#esami?; 5?@? %ﬁﬁ%ﬁﬁa e mé&ﬁl
technlqu ' rce, the
source 5 tﬁ%@ﬁ%@?ﬁé“%@ﬁﬁﬁg e@#@egédébgs%ruc bet mglg{ﬁpﬁ%:wgource 59
and the a¢ tthe heiclkd40 iy a &ivestiongpaaallelrto thetsoﬁdiﬁoaﬁoﬂld&a&bﬁ@:d&lanm fhee article

andfeedlngtheflller netal into the_arc, | aser rreltlng aseparate
heat souildestratipn 9§ Figiyre d4 ﬂ@rs%lﬁ%ﬁr%‘lhé ﬁi@atmctg%m%at 3 firstiead c@% a powder

oper abl o GRSt SEoR L EaBRE oS SReT e nd YorkriePatil sl 51 F‘m%?n?i i
t hepsvol ugBeontl eh 629 9hecrielati¥e nidtidnhfay be accomplished by keeping the article 40
stationary and moving the soutce 59, keeping the source 59 stationary and moving the

article 40, or any combination of these movements.

The source 59 of the filier metal is gradually melted by any appropriate heating
technique, numeral 30. In the case of the illustrated weld rod source, the source 59
20 may be melted by an electric arc struck between the source 59 and the article 40, by
forming an arc between an electrode and the article and feeding the filler metal into
the arc, by laser melﬁng, by a separate heat source, or by any other operable heat
source. In the case of a powder source 59, the heating may be accomplished by a

plasma spray or any other operable heat source.

25 The molten filler metal forms a pool that fills the volume of the defect 58. At the
same time, heat is extracted, numeral 32, from the article 40 in a heat-flow direction
64, or multiple heat flow directions. The heat-flow direction 64 is desirably parallel
to the solidification direction 54 and opposite to the relatiye movement of the source

59 relative to the article 40, That is, if the source 59 moves from the first end 60

9




sane tine, heat is extracted, nuneral 32, fromthe artiﬁ'ﬁ#@dd@sa
heat-flow direction 64, or nultiple heat flow directions. "The heat-fl ow
direct i‘ggogél ii desirably parallel to the solidificatiepriise@eizsn 54 and
opposite-t AL relative novenent of the source 59 relative to the article
40. That is, if the source 59 noves fromthe first end 60 9 17 August 2005 -
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directionis from I'n a romitihe Second end

62. The Hpadtionl wiydiroraché Satofidtend\bd.| Ehdhicit BoMUivectibR 64) While prefdritdy _
solidification direction 54, may deviate fromthe solidification direction

54 by asparal¢ tathesgodidificaoni digeation S4Hmap deviatetfiom thessalidificatien dicactioni on of

t he heat flow di.rectio fromthe soljdificatjon, directi.on 54, the |ess
desi 1 abl &7 bY SABIGH Fbouléy deree Hpvere: [empr outheaiahon pdBe act | on o
heat caugy difRribh!dasrofithé oll@ficatiopaift b Shy 1R abistickiraits idufanps! ¢ of
filler metal 65 within the volune of the defect 58, fromthe first end 60
t owar d t stercturecofothe rdpdited défectdi Thecextmactibn nf dteat gausas theofiller metahdo heat - f | ow

OO SR o  hodEa o B whluhE Bl PRESHRRS o 1°
artifi ci o |ivordflofst 8 645 PAAL Elhotlbha khe RRkHGRN AN Susifly as a f1ow

of cooling gas Inpinging on the surface o artic or a chill

bl ock, pincthe Hestfidw Girattidiett oczuty watdraliy as a resaftadltes rlaircahovandnbef heat - f | ow
direction 64. Fi gure? 3 and 4 illuystrate the grain structure that results

f r &fh t hi the sewrce ¥ o€ dillgpmatal.1 Optienally; thehsakesdractipp may be artifigially 2ided an

oriented i - RIT o) I 81 ' Lthin the ' def ect
ext end g R5ReRt Fiafe wiSREoRislchoh 3 8 Voo of ool 3 SmbRFE, C7
ori ent attheufthcd BE the aititte A0 drsa ERNGBIbEL, Flacdqidhythaehadt! &liratloh e
solidification direction 54, and thence parallel to the preferred

or i ent atdceelevatedhalong e hept-dlomsdigtion 6dhe base nmetal of the article 40. The
grain boundaries 68 of the grains 66 20 within the repaired defect 58 are

par al | el-.0or_near | rallel to.the solidification LIecti 54..and thence
o ¢ he” gl o RRsEelsihe efoin dnd0s fat tohit fibm fif Sedleaieetur e 1<
supst antrepdit ¥roded¥D JEHRANT mdial HATRR Stibhted grads skii@urel boBprising grains 66

within the repaired defect extending from the first end 60 toward the second end 62.

The preferred orientation of the grains 66 is parallel or nearly parallel to the
solidification direction 54, and thence parallel to the preferred orientation within the
grains 52 of the base metal of the article 40. The grain boundaries 68 of the grains 66
20 within the repaired defect 58 are parallel or nearly parallel to the solidification

direction 54, and thence to the grain boundaries 50 of the base metal.

This repaired structure is substantially homogeneous in composition, as the filler
metal that fills the defects 58 is substantially of the same composition as the metallic
base material of the article 40. The grains, including both the grains 52 of the base
25 article 40 and the grains 66 of the repaired region 56, are largely oriented with their
preferred directions parallel to the solidification direction 54. The grain boundaries,
including both the grain boundaries 50 of the base material and the grain boundaries
68 of the repaired region 56, are largely oriented parallel to the solidification direction

54. The result of this homogeneity of composition and uniformity of orientation is
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nmetal that fills the defects 58 is substantially of thgs of osition as
the netallic base material of the article 40. The grains, -1 ncluding both
the grajns 52.of the base 25 article 40 and the grains G@sobReyst epaired
regi on%"lg“ﬁeﬁl argely oriented with their preferred directions parall el
to the solidification direction 54. The grain boundaries, including both
the grain | Se terjal and the.grain boundaries 68
of the.r ofa HSeRAIRR anfeiBhad piSRRRE AT b th s or Gyifiafore o igirccle
solidifi Cﬁiaitﬁﬁsﬁiﬁﬁ@@@;tb@ﬁmﬁ'aﬁed'f@goﬁgsul t of this honpbgeneity of conposition
and uniformty of orientation is 10 17 August 2005 WO 01/41970

PCT/USOQ' 27785 that the repaired article has properties that are the sane
as, or quidier theolling stepadf, she anticle 40 may dptionally biehest t=sated, nerperal 84 r egi ons.

Mumeral o hé bedt B dleRl sitere (a6, R'orBally (Rectittto Shovidebe optiBepLRRISETE o
provisde t ke tRPbropetieSdsitel i ﬁleﬁ'ufa%ﬁitcﬁ‘? ﬁ&m&&%ggﬁe dasiibd Hedt @reagﬁeni i nal

article. Accordingly, the selected heat trea I'S assoclated wth the
speci fi c wldssociatedwithdbe specific alpoyi thathasreen eopminetle Fot beamplej hearticlay be
solution treated,and aged, and/or stress relieved, according to procedures
speci fi c T8Y esogﬁogytygaﬁﬂ @Eﬁg‘iétaﬁﬂ@fi siress Fraieved aceoting {thBraseduyes

conposi t i%cﬁfe ﬁ)fﬁﬁ‘eilm.er metal is 10 substantially different fromthat of
t he base rnetal, and ere the heat flow direction is not controlled so that
heat flowis primarily generally along the solidification direction 54. As
shown i n Fhigutmstie dnduperimhtr ene what the awenthositivn of the filker mewapendi cul ar

to gge solidificati.on directjon E54, the grains in the repaired defect are
al st¥gen Ftﬁytlaég'r%gfnﬁ{ﬁnéﬁpa}m@b@Qhebésﬂmatai,iaadwf@rﬁ therhsat flow dizgctiothe resul t
Is that, ;i.f It 1 Hal 4 | {ferent f t hat
of the basaokepafouehEyant healasl & Mimhily tsptRSL ol dbe, SSidRbattn  ana

ot her pr afirkctior$4. Bas ashoent ieFieeds 5101 6,0Wheetd GBatl SowediR®HdhCI) & to the
solidification direction, the grains in the repaired defect are oriented

so that tRFPHAAUATES tharatidification diction 8 ctbe grainvin the repaitedidefectateon
T S0t O el BERESabRlat il BorfifiORn BB 4. e TebliflsThar i V' °
15 composition of the filler metal is different from that of the base metal, there is an

inhomogeneity in strength, corrosion, and other properties. Because the heat flow
direction is perpendicular to the solidification direction, the grains in the repaired
defect are oriented so that the grain boundaries are perpendicular to the solidification
direction 54 and thence to the main load axis of the article in service. This orientation
20 can lead to premature failure. An equiaxed grain structure in the repaired defect

would also suffer from this problem.

Although a particular embodiment of the invention has been described in detail for
purposes of illustration, various modifications and enhancements may be made
without departing from the spirit and scope of the invention. Accordingly, the

25 invention is not to be limited except as by the appended claims.
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20 can lead to premature failure. An equiaxed grain str ingst he
repaired defect would also suffer fromthis problem ,&F%%Sthjogspart I cul ar
enbodi ment of the invention has been described in detail for purposes of
illustration, various nodifications and enhancenents may be nmade wi thout
departing fromthe spirit and scope of the invention. Accordingly, the 25
I nventio Eig%,not to be limted except as by the appended clains. 11 17
August 2 T aims: 1. A nethod for repairing a directionally solidified
article, conprising the steps of : furnishing a directionally solidified
article conprl.si ngAané&hskforatminmg] a bsdtiogally soldilfied ugicle op@pasitig ¢heand havi ng
arepair region wwth a grain structure of grains elongated substantially
paral | el SR ¥ *sol i di fication direction, the repair region including a
defect that | ~§ﬂ]-19é1 . : Egll f ' r LOoNn; heating
the article t%ﬁg repgﬁﬁﬁcganggfg({lﬁiﬁeédgﬁrﬁc?ggénﬁg%%gé%gge{%&gg%lulﬁg%g%ercent of
t he sol i shlidus emperapraansl kevingrrerepais regiontveith a prainstatuse efogpihe clongst

rotecti i,nhi bj: t. ' ' e. ri_aj; fillin
F he def eéé‘}%St\g\ﬁtfaH&g)g#alﬂ?lltglra %@gﬁ%;&ﬁé&@% tﬁ% 5‘%1)%%9@? ‘?nhlél a?ﬁ'gc ac{eefeé: er epaigr
t enper at isebngitekpailkptocthe §dlidification disdctieti; ng t he steps of providing a source
of a filler netal of substantially the s C [tion t he base ,
material of MGG (eaRiclaATgPdPRar LI Bhoat O A0 ST PRCEREE (11 1 er
met al - i nghe sblidmsdehpainuiy GOMe BadcVAhirinin| 8 dMyvigheret dtea ploRittice g thhhe filler

metal relative to the article in a direction parallel to the solidification
di r ect | ofhibis oxpigtionof fisdagsrmaterialiand  wherein the step of furnishing

i ncl udes t he g l-5hi | ! %ﬁﬁ& I ng.\ahrret hod of
claim1l, V\her%l?lﬁgt edi%yg?é?ﬂfﬁ@ﬁ%ﬁlienc udes t gasth&gepa%%he-l;

temperature, the step of filling including the steps of

providing a source of a filler metal of substantially the same composition
as the base material of the directionally solidified article, and

melting the filler metal into the defect progressively while moving the
source of the filler metal relative to the article in a direction parallel to the solidification

direction.

2. The method of claim 1, wherein the step of furnishing includes the step
of
furnishing a nickel base superalloy.

3. The method of claim 1, wherein the step of furnishing includes the step

of
furnishing a nickel base superalloy having a composition, in weight percent,
selected from the group consisting of Rene 80H, having a nominal composition, in weight
percent, of about 9.5 percent cobalt, about 14 percent chromium, about 4 percent
molybdenum, about 4 percent tungsten, about 3 percent aluminum, about 5 percent
titanium, about 0.75 percent hafnium, about 0.2 percent carbon, and about 0.015 percent
boron, balance nickel and impurities; René 108, having a nominal composition, in weight
percent, of about 9.4 percent cobalt, about 8.2 percent chromium, about 0.5 percent
molybdenum, about 9.5 percent tungsten, about 3.2 percent tantalum, about 5.6 percent
* aluminum, about 0.7 percent titanium, about 1.5 percent hafnium, about 0.1 percent

- carbon, about 0.015 percent boron, balance nickel and impurities; Rene 150, having a
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furni shing a nickel base superalloy having a conpositiqp,aidisi®ioght
percent, selected fromthe group consisting of Rene 80H, having a nom nal
conposition, in weight percent, of about 9.5 percent cobalt, about 14
percent chrom um about 4 percent nolybdenum about 4 percent tungst en,
about 3 percent alum num about 5 percent titanium about 0.75 percent

haf ni um nahput c&nﬁ)s%ﬁ,cemvefgﬁr g&ﬂe nt, 25¥0atRRO YD &r&ﬁﬁc&%rtcmt shes@pe bal ance

ni ckel and i rrpurl ties; Rene havi ng a nom nal conposition, in weight

per cent , CPMAHB, oYL hpﬁ@ﬁ%téﬁ?@b@ﬁ?&m@ ab%&ﬂefeen? “H@S@En‘tbo&h? Sretient about 0.5
per cent vaﬁhmhﬁ@wms RBRHT taBaRnD AbER LS5 H&BES bRMimAR b3 RerB&lt &AL

tantal u about percent al um nu about 0.7 percent i tani um about
1.5 perc Pn‘}?dtlFl‘Fq &ﬁsi igpyitiesy Reng didchaving ameapnal gompositiop 1 Weighent bor on,

bal ance péeéf! oPEbut rmtﬂerdeheéobaﬁeaeo&%oa pARUtNGrémiben, Ja%oﬁugyﬁiem%ﬁm noni nal

corrposrtr 0] |n wej g <§Iz.}qrzercent of about 12 percent cobal about 5 percent
chr oni unfeolbdenum, abert PerRt meﬁmbmsrt%persersmfaw t‘hﬂ’ﬁbé?éﬁmeabout 2.2
percent v %B&ut@tﬁ)ﬂérc&t REA,CHBE fﬁlﬁéﬁéﬂ%ﬁﬁhﬂ%oﬁt ®1 PelceR thrbdhUn num

about 3 percent iron, _balance nickel and inpurities, Rene 142, having a

‘nomi nal eRsHEYL P.nﬁrfwnt hosge; Balanceguskeb gnd ﬂapma'tféu@n@ﬁaaé%%t B¥WBA t, about

6. 8 per Chathingl biﬂbn a@%tgh@péc&@rcﬁ%but U %&Q&B%Baua&&u 8 4 pRrdeff cent
t ungst en, about gerscent t ant alrrfm abou

ﬁ 2 percent %&qnum about
2.8 per cERPIIYRMAbORE B7S Rereens anelubdentmy ahowing.O AsErent Hingstsir 20Nt 3dar bon,
about 0. fuerd i, HO6ATS. S kA BulilEe! JEdA 1| hith} bikim 2 ulIS V24T,

havi ng a C osition, in weight percent, of about 10.3 percent
cobal t, @(%Jé\mbé QA2 Pe&ﬁ’?’cﬁﬁ‘fh&’ﬁaba%@@%’tm@l?ﬁ d papwEiEsS: ol ybdenum about

9.9 percent tungsten, about 3.1 percent tantalum about 5.5 percent
al um num aboaut 1 Pier esutitod iof @iy Usl clalitl-3,. Wherelr gentlefoaf isub urackabout 0. 2

per cent § b and i ur|t| es. 4. The nethod of any of
claims 1% en aéealLe?F%@eégﬁrgﬁpaqog éreg Utk extendi ng parallel to the
solidification direction. 5. The nethod of any of clainms 1-4, including an
addi tional st®p, pFheonethed efany of cleimsof-4inelnding an @ddltrl@a’mtt:mgﬂmty thicor ei gn
matter p&&s&Heatids, Lf1e defect. 6. The method of claim35, wherein the step of

renovi ng I'ncl udes. the step of
- removing any foreign matter present in the defect.

6. The method of claim 5, wherein the step of removing includes the step of
removing foreign matter from the region of the defect by grinding away

material around the defect.

7. The method of any of claims 1-6, including an additional step, after the
step of filling, of '
heat treating the article with the repaired defect.

8. The method of any of claims 1-7, including an additional step,
performed simultaneously with the step of melting, of

artificially extracting heat from the article in a heat-flow direction that is within
about 45 degrees of the solidification direction, so that the filler metal solidifies
within the defect.

9. A repaired directionally solidified article, comprising:

an article comprising a base material having a solidus temperature and having
a repair region including a defect that is elongated parallel to a solidification direction,
the article having a grain structure of grains elongated substantially parallel to the

solidification direction; and
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removing foreign matter fromthe region of the defect tmjgﬁgfggzg@g away
mat erial around the defect. 7. The nethod of any of clains i ncl udi ng
an additional step, after the step of filling, of heat treating the
article with the repaired defect. 8 The nethod of any of clains 1-7,

i ncluding an additional step, perfornmed sinmultaneously with the step of

mel ting, of apik b @Jﬁ"hﬁm &é%ﬁs&gtht%%%r &ﬁﬁﬁmthﬁﬁnéﬁﬁﬂsﬁihﬁaﬂﬁh@sﬂﬁ@t flow

direction that .1s wthi degrees of the Solid |ca on direction,
so that E¢EP9sitionegs the bage Iwe%h Grfut%%artwet%ddlamé %ﬁ‘é‘c‘{mc@m hgFitred
di rect i oBakrldyri&Q drighatell ebstnfidls pRrallelaiid solidificatidn davetticl. e conprising a base
mat eri al having a solidus tenperature and having a repair region including
a defect that is elongated parallel to a solidification direction, the
article having0a gihe rartsdle wdtalaim 8f vdreadinshe bosgatatatias ubsit nickélediaby par al | el
.to the %@dﬁ%oé’l cation direction; and 13 17 August 2005 a filler materi al
wthin t the filler materi al having substantially the sane
conposition as the base material of the article and havi ng a grain
structure withigraiffe aEMRESRINES oLHARDES, ShefMPHE ofettad 4 YraBlaEabhEhg t O the
solidifi catién [ re tjon. ‘gEFﬁThe article of claim9, wherein the base

mat er i al Prallg tpf 1dfication HP% | oy. 11. The article of claim9 or claim
10, wherein the defect is a crack extending parallel to the solidification
direction. 14 '
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