;Elfeée =j :<"76T]). BACKGROUND OF THE | NVENTI ON The present invention
rel'ates to a rrﬂm(m m,,m’mm’mm pai ring a conponent, such as a turbine blade or a
vane, used in e engine. Currently, gas turbine blade tips and

. trailing edge regi*amse+are repaired using a wel ding process such as gas
ltungsten arc welding without a backing material. The weld bead is used to
ibui I'd up cracﬁmmmmruﬁlumwm surfaces. Probl ems occur when blade tip cracks
iexpose bl ade ties. In this case, the weld g4 Id dilpow into the
jcavity and resul t+comza rejectable condition. In other areas, such as a

bl af'_e tr?' ! [[ ng eGgeraMEdEy NERAL! piEkING SRdERIAD FOOSHI® QEpAfe 'b”t er nal
cooling featuresthat Wit then need o be re-establisned by I abor

i ntensi ve bl endi ng or el ectrodi scharge machi ni ng. SUMMARY OF THE | NVENTI ON
Accordingly, it is an objegiaGrRbIRDPSESEIH NO¥RPEMON tO provide an

- inproved nethod for repairing tarbine engine conponents. It is a further
obj ect of the ThreePEAteDhvEHIETGH PO pEIVGUE CanBEHIRH dPralbEpel wHITH al | ows
wel di ng oxgh ARER ,CYLRI £5 Andi WRLE, PO8S JI0h LEQMI Na LXtaNgi ygs post
wel di ng bl end processing or machining. It is yet another objeCt of the

pr esent ih\?é‘@ﬁﬁ%r‘?nﬂéﬁsr ovide a nethod as above which allows _

re-establ i shmeni, Qhthpt e(?gléltm%lenglgc,@@r@tprsyan3h€r£9fi%gpleageopé§£&§s are
attained by the nmethod of the present invention. In accordance with the
present i AVentSRoH.red HELROX fsrldiegaPEPPRF % SU6hpeneMsS US@gSEAN 22 X@r bi ne
engi ne br gaghin £ AMRKLSESa He 15tGPRa0br PAACT RPea,Pi&oS RS ikelitagtosy netal
mat erial over 1 1i OL - 610 I" " an area of the conponent to be repaired
and deposPuihg W 1ggakedfand efonresarfagter i AroBVERS tIRCY ebenoblad ract ory
metal materjalyddks2RxBRREMN 1 A fiin¢beRb1 t&vigRAL, the aprpenrspt and wel ding
same. The refractory nmetal material may be any refractory material having a
mel ting pEPhe Fhledceysinto 19855CavAE51Md aiff Uiy 1 hed cortesdadieuncoat ed.
Qther det @bhgi ©fod.he thepahdr BANQd afichNgs By @388L { AYENtI PRGBS Weld as

ot her objects and advantages attendant thereto, are set forth in the

fol | owi ngr8eeHY |'Wd ld&sERt bt Horf lasd rehel attonparyray eraMinggseanere?n |ike
referencetpupe;als tRRI fkedi k& R @BBBEBablished by labor intensive

blending or electrodischarge machining.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to
provide an improved method for repairing turbine engine
components.

It is a further object of the present invention to provide
a method as above which allows welding over open cavities and
which does not require extensive post welding blend processing
or machining.

It is yet another object of the present invention to
provide a method as above which allows re-establishment of
internal cooling geometry.

The foregoing objects are attained by the method of the
present invention.

In accordance with the present invention, a method for
repairing a compenent used in a turbine engine broadly comprises

the steps of placing a piece of refractory metal material over

1



BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 illustrates a tip of a turbine
engi ne bl ade repaired in accordance with the present invention; and FIG 2
illustrates a technique for repairing a trailing edge portion of a turbine
engi ne bl ade. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS) I n

kaccor dance with the present invention, a nethod is provided for repairing a
t urbi ne engi ne conponent, such as a turbine blade or vane, fornmed froma
superal | oy material, such as a nickel-based or cobalt-bgased a/Joy, and used
in a gas turbine engine. The nmethod broadly conprises placing a piece of
refractory, terl re . e ipred and
deposi ti nganggﬁrg%ag? ﬁ[% ?:Ié)rm%\régtéﬁ h‘ﬁ%’?)gr ?g?g%)%/%{ra \ %gar@gggiaﬁrgbrg ﬁ%?%ﬂ

mat eri al ifilderameual maiferiieilentvet dhei pieca atheefpactobeimefalepai red and
el Ui ng, S 102 (ETLAChRUKCTEAAL LG LA A6l FheAcBAckig mRLer Al for
preventi ngat erepair iT1°6" “nétal faterral Trom enteri internal cavities
such as i Medrdialh sewd i nFheavetfrestoRemerai noptreomiatlomkyGoe 1gnya tip 10 of a
turbine blade to be repaired. is.illustrated. The bl ade ti] AN area
12 to be Zre%@fgf’r%fba reerﬁgﬁr Bayl%ea l'o“leall én?i%o ﬁgsgﬁﬁg%%eon]roilgsérgal

cool i ng ca\i@si’°ey amd gy beeacdterderrepadated. | n such a circunstance, it is
necessary that e internal cooling cavi 4. b rqt romthe

i ntroduction ofottF & cr]'l<':étpaal|r"Lrs r%%t g!f'?a P65 {“%F%Odenc%, Qg%pﬁg%:ggrl% of backi ng
mat eri al fiorveed ibnonmea wedflr @act otye metbdlectat @nd aldviasitpgsst aoirediaoter t he
area to b ire o] e..entr .1 he [ ial in t he
cavity 14%%%%%Péf rggét%%efvr?g?lgl Eﬁa%%er itfg?[lg‘fflgﬁée]rda tl%g%gsggg%e]ﬁacilﬁé %gcljnt in
excess of tMbBCcEREbAFIn@nrttanmsys prrefreiablyka meidrengepoiumerdlis eepéss of

| 650C (BOOPiFe. e%im%gp%e refractory netals for the backing material 16

i nclude, ni'obi um tantalum nolybdenum tungsten, nmetals having a nelting
poi nt higher than the nelting point of nickel, such as platinum iridium
and the like, and their fragt.o. cking material 16
may be uncoated or coat e?ﬂﬁfﬁggﬁéﬁgﬁ g? ?%%%?El\]?gu s high, a diffusion
barrier coatindgISanlbélppitiegest 8 tire afefr serlvine reagdneabla@amgicgares
nclude, b AB-Adhb! PlUPLOprQULAL s6RLALES, Siieh as alumina or mllite.
| f an oxide ceramc coating is used, an internedi ate coating | ayer such as
a silicide may H&.-ugedllwstratescaat¢ehmigthefencesralrdngcaat &all WMingh ceranmic,
it is pr Efgééeegaotr‘%i?hc{@'a AL A8 neVeLgidie rakygina or mullite to aid in
wetting the tepair filler metal. The coating system may al so include a

ni ckel alum nide |ayer left behind after repair to inprove the oxidation
resistance of thepeadlkpprNIRIRTREN OflLe PREFEREEREMBOY IHENR|s)backi ng
material may just—be mickRel ptated usSing efrectrol yric ni ckel _on at | east
one side if hedkn idSFArIRRCe GkthashprRNAERS ynventiYhed, MERRODrissence of the
coating enbaheesed herwetpatiidd ¥ ehrbfie RAGkh8OcoMISIEnRl, duh NG the
subsequent wel di ng process. After the refractory netal backing material 16
has been pbdFRitshddaps Phevafiea fopred TxoFaier SPPRYRYLavefaterdbr iSU20 i s
deposited gyes fih&ehapking SBtbaat-dfand13uh] eshedided anvel giang
operation. The repair filler metal material is 3, OL - 610 preferably
deposi t ed FariPefdgiresuf Faeineihot oP¥93dl vt FamBF b3es Plagipg $ %L The
repair filberri@icly meteli AdedMbICONPF i8R Areabat trhnsRehpBBéLt it besuch as
MERL 72, or a nickel based material, such as |INCO 625. Alternatively, the
repair fil FePahgtdhienfageBesiting perehttalfigfter nBe bk dadierdd! cofpodits on.
The repair rEEltd@orEakalehefdblalmay He apRhnicedutsidigernyoseilnbie siel di ng
techni que known in the art such as a TI G repair_weldi t echni que. During
the wel di n§PaERPeiNe LRBALIEHANY HEYIHRI IGATE | oW E OF I%\fé'rﬁfyam? ng. Once

the repairphtbtedl nRital ag8hepd AindOmbesr S0l ifﬁirfhﬁévertﬂ&lgf eheagépayr net al
backi ng material 16 nmay be renoved by an acid chenjcal treatnent using a

nitric aci X84e¥ Urstela®prgessrhitfitonm erher g drtsnnAny Hades paFR LHitric

acid and 1;jpactnsuldddiiagachdigdded to 2 parts water. The mxture is

preferably heated to a tenperature up to 150F to increase the dissaolution
rate. Referring now to FIG. 1, a tip 10 of a turbine blade to be

repaired is illustrated. The blade tip 10 has an area 12 to be
2



Alternatively, the refractory netal backing material 16 may be renoved
using an oxidi zing heat treatnment in which air is flowed through the
interior of the blade. The flowing air may be at a tenperature in the range
of 1400F to 1650F and may be flowed through the blade interior for a tinme
in the range of from1 to 4 hours. The oxidizing heat treatnment nmay be
performed either in a furnace or by direct resistant heating The renoval

of the refractory netal backing material may be omtte %he al I oyi ng of

"the refractory nmetal with filler material is controlle Re ]e(trlng now to

FIG 2, a nmethod for airin trailing edge 30 of at r.bi ne bladels
11 ust 7 af8HALFRE 1 hithenBLAdE, L2 068539 GIPSTRARLEFBRY TRAHMIDSERT hY

mat eri al 14sihi fisd Lada 6 B@h:t@amrtea t hen shiape a0kitbembt et nai ksng edge
and any internal cooli ng cavi t therein. Any suitable cutti n%Ht echni que

known i n"PRESEREY Ut &5°| Bt ‘b”‘l}t CPRGINPHIAS Tt dAi A, PRIERSEAGE IR wat er

jet cuttithg TRYr&&uAMSH bO €rd ztelt)elrretnaa@ticmy mebakhbacdkidlg adpiek - 610
mat eri al . The refractorﬁamatal mat eri_al may one of the materials

ment i oned $hef PRSI TEhET MY IRFTEGat 887 of W@&F@Hya’%emlsé‘@§§éaaabove The
pi ece 32 jef ppeftasiay vveet aheb@tcée 9 BBt épalredpref pravdye ivhef @hkrform is
pl aced over the area 39 to be repaired. Arepair filler nmetal material is

then depG<i £B8 BRALT HBTEFéRE YIS &fatibly r’?'éter The 3oL LAt oFybletted to a

wel di ng waeatiBnt pirdranest Al i Shditenhl polent riai likBgsedge iavePading its
cooling features 36. After the repair filler netal material has SOG|IdIerd

the refraéPStyE el mBéEkPlngfer‘Fé‘tbeﬁ’l 8| Mol e PPEADVER TGSTG 8ft her¥4m aci d

chem cal (n@atmeENt sustebl@scd halctdeschéhieidh FHQVEehe Obadi X indt &k 041 heat
treatment, such as that descri bed a ﬁ The present invention is

advant age®cdUfR t REOIUN o FPBRRLIWr SOLYREBR Y net i RISHER er TRF2 1% héé’tlggas a
wel d baglle Iﬂ%llﬁ&hgl’p@c}nﬂ mlahlaevxtmﬁt djhregmewetng)nfﬁﬂrmawtneek@llr ts@ch asI
re-establi.s |nterna cool Il n t The refractor nmetal material can
| ater be H&ToV8Y- i +-HEFYed” ?*h ﬁkteheaﬁ e 2 %si ve post wel di ng
bl end processithg 0&f rasdiiryl Mgt S &S ngDivh t@eid Nilsgmayhbs weidaaeddhas

articular utility_in the repai f 1 nvestnent cstln i S apparent
Phat ¢ heroated: bebh Tk aBaCa hettod L 1 ERdITaing ot B BRI adns whi ch

fully satdsfdies tbetindy mambenemmmdoaduanfagmt@ey fetéhidier ei nbef ore.
Wil e the, present inv on, has been descrjibed in the context of specific
enbodi nenqag‘dtlﬁéFSSf rlFﬁt " EPfé’le?h%trﬁfeg‘ “‘&Eﬁﬁgf’i c’atcixc}ﬁg Cehd VAT i%a6 |lp‘ons will
becone apparsdrmihe b;homﬂlaltlel | elif ian tdxd dar tehawvingoaeadgt he dsmdggainng

descrlptlo Ac ordin |S|nte dedtoe e those alt rnatlves
modi fi catTOiEme g\a/a‘??% J'ngnsl faLfClq1 °tRi i f%l 5 Ga §%olf)seecgf t he

appended mellap ru@at_Sng Liherehte . W—Wﬁ'ert &o@tAtil\/ED:th Serbmik, meéthsl for repairing
2 SOMPONes ST $h N0 AG 94208 Ol RACLAE AP GO G 1 LETLACAY et A

material DVer an area of sai onen 0 pai red; "and dep05|t| ng a
repair fiveteringettae nepai efllldteermes‘eald pi’l"eeecoatlng system may also

include a nickel aluminide layer left behind after repair to
improve the oxidation resistance of the coating. Alternatively,
the refractory metal backing material may just be nickel plated
using electrolytic nickel on at least one side if heat input is
low. As previously mentioned, the presence of the coating
enhances the wettability of the backing material during the
subsequent welding process.

After the refractory metal backing material 16 has been
positioned in the area 12, a repair filler metal material 20 is
deposited over the backing material 16 and subjected to a

welding operation. The repair filler metal material is

3



of refractory netal material in an amount sufficient to repair said
conponent and subjecting said repair filler netal material to a wel ding
treatment. 2. A method according to claim1, wherein said placing step
_conprises placing a piece of material formed froma material selected from
he group consisting of niobium tantalum nolybdenum tungsten, a netal
having a nelting point higher than the nelting point of nickel, and alloys
t hereof over said area. 3. A nmethod according to claiml1l, wherein said
pl aci ng step conprises placing a piece of refractory mefal —nat®rial having
a nickel plating on at |east one surface over said area. 4. A nethod
accor di ng R%¢ ferabhy 19ergeditefnisg A eaetngust ¥p-codnpei 5kl gihgciergaaldi ece

of refractqy yamebph; f@ieritak baviig ra16BE0RL M ¢RR}ELDY1 Ok AlehP@ste ONE
surface over said area. 5. A nethod accord|2§ to claim1, wherein said

pl aci ng st¥&padénprreegnaficadrhg WPl eceMBRLr &4 r &t or pimkenlbasederial , having
a di I UST Gk RANEN ST s CORIINGNCE: 675 hld, ALCOIAINTLhe ELALIM Siybereln said
placing step conprises placing a piece of refractory netal material having
a coat i ng "tigr gl nlge an fdlldernac'orl mfl theebesrataldgy eomp@elitiopi0 The A

met hod accQrlisng ¢ 91 £} didPad; mWagflﬂﬁln 3 gepi\[?g?l:i% %fsgﬂgcgn{}ﬂsiﬁ%ébﬁéaci ng a

piece of refractory netal material having an alum na of I'ite coating
| ayer and wfidimdefpethigue opPrei de theyart such apethddGateryidi wgldénegl ai m 7,

wher ei N saldbHahlact ohye iRl @he MRS skUb! Nele hAS c21 RbEKEa Pt iBg: Over
said outer_ layer. 9. A nethod according to claim1, wherein’ said placing
step conpri®espPaevert &lgicgéedof refractory netal material having a

mel ting point ignc8XeRSSr&Fail42p0 OV Gleridl HaBE L1 B nAs MBINCM raegording to
claim9, wherein said refractory netal material has a nelting point in

excess of HBsGEirgstony matiRddPackainigerdat| B mat, beheereveds dvdaBonponent

conprises & icPPRRERL1 f e AmHE DL S FRINAE DAVA NG -2 1 ERE &F N@li gcool i ng
cavity and said placing step conprises positioning said refractory netal
materi al sl iEs - prEVemolddiian riegpaie e £l eprts nitric acid and 1 part

sulfuric acid added to 2 parts water. The mixture 1s preferably
heated to a temperature up to 150°F to increase the dissolution
rate.

Alternatively, the refractory metal backing material 16 may
be removed using an oxidizing heat treatment in which air is
flowed through the interior of the blade. The flowing air may
be at a temperature in the range of 1400°F to 1650°F and may be
flowed through the blade interior for a time in the range of
from 1 to 4 hours. The oxidizing heat treatment may be
performed either in a furnace or by direct resistant heating.

The removal of the refractory metal backing material may be
omitted if the alloying of the refractory metal with filler
material is controlled.

Referring now to FIG. 2, a method for repairing a trailing
edge 30 of a turbine blade is illustrated. 1In this method, a
piece 32 of refractory metal backing material is first cut to
conform to the shape of the blade trailing edge and any internal
cooling cavity therein. Any suitable cutting technique known in
the art such as laser cutting, photo etching, stamping, or water

jet cutting may be used to cut the refractory metal backing

4



metal material fromentering said internal cooling cavity. 12. A nethod
according to claiml1l, wherein said refractory netal material is a cut foi
whi ch confornms to a shape of an internal cooling cavity in said conponent.
13. A method according to claim1, further conprising renoving said
“,refractory metal material after said welding step has been conpl eted using
tan acid chemcal treatnent. 14. A nethod according to claiml, further
‘conprising renoving said refractory netal naterial after said welding step
‘'has been conpl eted using an oxidizing heat treatnent. 701 O¥1l0 610 15. A
.met hod according to claim1, wherein said placing step conprises placing
‘sai d pi eceatdriadf.r acThe yreftagitontt etal materiah maedeofongnof nviest nent cast

urpi e DYAae aRohEE o, 1R:IThAB0y nd Y bl Modtdd B OBV ALE b
"packi ng néisrisdedowbpvan ditea piecbe3? ephineddacandy depwsi bangiag repair
;: : : Z; x@%}e{n%ﬁg; ;pg%e_fgé/a%lf%ind £hE1 M ASHOM Y ML GELR o Nd 8! diDg SAiG repair
be repaired. A repair filler metal material is then deposited
over the piece of refractory material 32 and subjected to a
welding treatment to re-establish the blade trailing edge
including its cooling features 36.

After the repair filler metal material has solidified, the
refractory metal backing material may be removed using either an
acid chemical treatment, such as that described above, or an
oxidizing heat treatment, such as that described above.

The present invention is advantageous in that it allows a
refractory metal material to acts as a weld backing material to
allow welding over open cavities or to re-establish internal
cooling geometry. The refractory metal material can later be
removed if desired without the need for extensive post welding
blend processing or machining such as EDM machining. This
method has particular utility in the repair of investment
castings.

It is apparent that there has been provided a method for
repairing turbine blades 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. Accordingly, it is
intended to embrace those alternatives, modifications, and
variations as fall within the broad scope of the appended

claims.



17. A method according to claim 16, wherein said positioning step conprises
positioning a piece of refractory netal nmaterial selected fromthe group
consi sting of niobium tantalum nolybdenum tungsten, a netal having a

mel ting point higher than the nelting point of nickel, and alloys thereof
over said area to be repaired. 18. A nethod according to claim 16, wherein
said positioning step conprises positioning a piece of refractory netal
'material plated with a nickel containing material over said area to be
repaired. 19. A nethod according to claim 16, wherein s8id foditioning step
conprises positioning a piece of refractory netal material coated with a
chrom um YHAT al di GIpIvEDedBal over said area to be repaired. 8 t OL - 610
20. A method according to claim 16, wherein said positioning step conprises
positioning a piece of refractory nmetal material having an oxi de ceramc
coating | dyer® methon doredenterirgyar cohpgidntcickaprantng thleasedrsi kel out er
| ayer over said area to be repaired. 21. A nethod according to claiml16,
further conprising renoving said refractory nmetal material after said

wel di ng step hasadiewn acorpFet el nefiragtany awdtchlchebeddl taveat prndred2. A

met hod acggrg%pg égwﬁﬁghg1%g,bngEﬂ&Qegqu&tsing removing said refractory

nmetal material after sai weldlnf step has been conpl eted using an
oxi dizing heat treatnment. 23. A nethod for repairing a trailing edge of a

turbine bl ade depositing a repair filler metal material over said piece
of refractory metal material in an amount sufficient to repair
said component and subjecting said repair filler metal material

to a welding treatment.

2. A method according to claim 1, wherein said placing step
comprises placing a piece of material formed from a material
selected from the group consisting of niobium, tantalum,
molybdenum, tungsten, a metal having a melting point higher than

the melting point of nickel, and alloys thereof over said area.

3. A method according to claim 1, wherein said placing step
comprises placing a piece of refractory metal material having a

nickel plating on at least one surface over said area.

4. A method according to claim 1, wherein said placing step
comprises placing a piece of refractory metal material having a

chromium coating on at least one surface over said area.

5. A method according to claim 1, wherein said placing step
comprises placing a piece of refractory metal material, having a

diffusion barrier coating.

6. A method according to claim 5, wherein said placing step
comprises placing a piece of refractory metal material having a

coating comprising an alumina or mullite coating.

6



conprising: cutting a refractory netal material foil to conformto a
trailing edge shape of said blade; positioning said cut refractory netal
material foil over a portion of said trailing edge to be repaired; and
applying a repair filler netal material over said refractory netal nmaterial
foil and welding said repair filler metal material to effect said repair.
124. A nmethod according to claim 23, wherein said cutting step conprises
‘cutting a foil material fornmed froma refractory netal selected fromthe
‘group consi sting of niobium tantalum nolybdenum tung®ten6l8 netal having
‘a melting point higher than the nelting point of nickel, and alloys
thereof. 9 OL - 610 25. A nethod according to claim 24, wherein said foi

material fas a pi.cksh 9&@@}9 Gigt RET E00iy 26 whe PBIAMOLL RLEAY gmg gt%pcl ai m 24,

wherein said foil material has a c rom um coati ng t her éon met hod
accor di ngeenp wisgisnp24cinher ¢ilecsapd f@ﬁnamﬁérmgtaha@t&rnaék@avmgata@d

ceram ¢ CoaLifg LICHEON - 2%0AEt hodk Accar dhngnd 0 RlALTL23:, Tuyddrer

conprising renoving sard refrac forl material after sald wel ding
st ep has bxesr.conpl et ed using an aC|d chem cal treatnent. 29. A nethod
according to claim 23, further conprising renoving said refractory netal

foil material after said welding step has been conpl eted using an oxidi zing
heat trea® nerft method according to claim 7, wherein said refractory metal

material further has a nickel plating over said outer layer.

9. A method according to claim 1, wherein said placing step
comprises placing a piece of refractory metal material having a

melting point in excess of 1455°C over said area.

10. A method according to claim 9, wherein said refractory

metal material has a melting point in excess of 1650°C.

11. A method according to claim 1, wherein said component
comprises a component for a turbine engine having an internal
cooling cavity and said placing step comprises positioning said
refractory metal material so as to prevent said repair filler

metal material from entering said internal cooling cavity.

12. B method according to claim 1, wherein said refractory
metal material is a cut foil which conforms to a shape of an

internal cooling cavity in said component.

13. A method according to claim 1, further comprising removing
said refractory metal material after said welding step has been

completed using an acid chemical treatment.

14. A method according to claim 1, further comprising removing
said refractory metal material after said welding step has been

completed using an oxidizing heat treatment.

7
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positioning a refractory metal backing material over an

area to be repaired; and

depositing a repair filler metal material over said
refractory material and welding said repair filler metal

material.

17. A method according to claim 16, wherein said positioning
step comprises positioning a piece of refractory metal material
selected from the group consisting of niobium, tantalum,
molybdenum, tungsten, a metal having a melting point higher than
the melting point of nickel, and alloys thereof over said area

to be repaired.

18. A method according to claim 16, wherein said positioning
step comprises positioning a piece of refractory metal material
plated with a nickel containing material over said area to be

repaired.

19. A method according to claim 16, wherein said positioning
step comprises positioning a piece of refractory metal material
coated with a chromium containing material over said area to be

repaired.
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having an oxide ceramic coating layer, an intermediate layer of
silicide, and a plated nickel outer layer over said area to be

repaired.

21. A method according to claim 16, further comprising removing
said refractory metal material after said welding step has been

completed using an acid chemical treatment.

22. A method according to claim 16, further comprising removing
said refractory metal material after said welding step has been

completed using an oxidizing heat treatment.

23. A method for repairing a trailing edge of a turbine blade

comprising:

cutting a refractory metal material foil to conform to a

trailing edge shape of said blade;

positioning said cut refractory metal material foil over a

portion of said trailing edge to be repaired; and

applying a repair filler metal material over said
refractory metal material foil and welding said repair filler

metal material to effect said repair.

24. A method according to claim 23, wherein said cutting step
comprises cutting a foil material formed from a refractory metal
selected from the group consisting of niobium, tantalum,
molybdenum, tungsten, a metal having a melting point higher than

the melting point of nickel, and alloys thereof.
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has a chromium coating thereon.

27. A method according to claim 24, wherein said foil material

has a nickel plated ceramic coating thereon.

28. A method according to claim 23, further comprising removing
said refractory metal foil material after said welding step has

been completed using an acid chemical treatment.
29. A method according to claim 23, further comprising removing

said refractory metal foil material after said welding step has

been completed using an oxidizing heat treatment.
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