- 9 MAY 2006 REFRACTORY METAL BACKI NG MATERI AL FOR WELD REPAI R BACKGROUND OF
THE | NVENTI ON The present invention relates to a nethod for repairing a
conponent, such as a turbine blade or a vane, used in a gas turbine -eQgiN&s
Currently, gas turbine blade tips and trailing edge regions are repaired
using a wel ding process such as gas tungsten arc welding w thout a backing
material. The weld bead is used to build up cracked and worn surfaces.

Probl ens occur when blade tip cracks expose blade internal cavities. In
this case, the weld will flowinto the cavity and result in a rejectable
condition. In other areas, such as a blade trailing edge, weld. repair wll

: 81N RS ot SdiEschar ge

machi ni ng. SUMVARY OF THE | NVENTI ON Accordingly, it is an object of the
present invention to provide an inBroved met hod for repairing turbine
engi ne conponents. It is E AV esent invention to

provide a metied p3ssaheVvenwttGnakkoyse WaldiangeoNE6s £RENepaYEiheS: and

whi ch does not require extensive post_ welding blend processing or

nmachi ni ngCoTPOr tyeffUshothet WHPeEE Btadhepreddnt: i ishtifoR 85 provide a
met hod astabeme Whiggheal | ows re-establishment of internal cooling geonetry.

The foregoing objects are attai ned bY t he nethod of the
Currently, gas turbine blade tips and trailing edge regions

are repaired using a welding process such as gas tungsten arc
welding without a backing material. The weld bead is used to
build up cracked and worn surfaces. Problems occur when blade
tip cracks expose blade internal cavities. 1In this case, the
weld will flow into the cavity and result in a rejectable
condition. In other areas, such as a blade trailing edge, weld,
repair will result in closure of the internal cooling features
that will then need to be re-established 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. a

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 component used in a turbine engine broadly comprises

the steps of placing a piece of refractory metal material over
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present invention. In accordance with the present invention, a nethod for
repairing a conponent used in a turbine engine broadly conprises theQ%}?2®5
of placing a piece of refractory nmetal material over I - 9 MAY 2006 ah é

of the component to be repaired and depositing a repair filler netal
material over the piece of refractory netal material in an anount
sufficient to repair the conponent and welding sane. The refractory netal
material nmay be any refractory material having a nmelting point in excess of
1455C (2651F) and may be coated or uncoated. Other details of the repair
met hod of the present invention, as well as other objects and advantages

at t endant an heerest @f ahe setpdrenthtonbé¢ heedadireawang detcitddgdesespditd on and
t he acconp dra s wherein |jke referenc e uneral s d ct like

ol oot o, " B st SR R Srbe BRARREE RF e R TTI el PREBL o tip of a

t urbi ne engateridlade aepandsnﬁct suff factaitdanceephih tie qﬂmeahtlmnu on; and
FI G 2i||us#](£atesatec uefor repalrln atra in eportlon of a
turbi ne endfre A 888 - DE TBESCRY PN FEE‘P% EI\/BCDI MENT( S)

I n accor daﬂe:ﬁ:aw:ttohyt het@fﬁslerﬁawmge@tmmm@ maih@dm Sefed\si dedifxg°cr epai ring
a turbine ?% rg% ngonentb such as a turbi ne bl ade or vane, forned froma
super al | oy % n 2250t elnG38E8dor cobal t - based al | oy, and used
in a gas turbldteleﬁngéﬂﬁlls-rhﬁ rakhosbdioadlthoaospr tisepsaaitng a pi ece of

invention, as well as other objects and advantages attendant
thereto, are set forth in the following detailed description and
the accompanying drawings wherein like reference numerals depict

like elements.

BRIEF DESCRIPTION OF THE DRAWINGS

"FIG. 1 illustrates a tip of a turbine engine blade repaired
in accordance with the present invention; and
FIG. 2 illustrates a technique for repairing a trailing

edge portion of a turbine engine blade.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT (S)

In accordance with the present invention, a method is
provided for repairing a turbine engine component, such as a
turbine blade or vane, formed from a superalloy material, such
as a nickel-based or cobalt-based alloy, and used in a gas N
turbine engine. The method broadly comprises placing a piece of
refractory metal material over the area of the componentlﬁo be
repaired and depositing a repair filler metal material over the
refractory metal material in an amount sufficient to fill in the
space being repaired and welding same. The refractory metal
material acts as a backing material for preventing the repair
filler metal material from entering internal cavities such as
internal cooling cavities.

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
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refractory nmetal material over the area of the conponent to be repaired and
depositing a repair filler netal material over the refractory netal
material in an anmount sufficient to fill in the space being repalreaiMAYl&]UG
wel di ng sanme. The refractory nmetal nmaterial acts as a backing material for
preventing the repair filler nmetal material fromentering internal cavities
such as internal cooling cavities. Referring nowto 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 - 9 MAY 2006 repaired. The blade tip 10 has an open internal
cooling cavity 14 in the area to be repaired. In such a circunstance, it is

necessaryrifiai-ddie Al e nale ¢l 1 aghgévari %péﬂ bﬁt@f@ép%%qmgoaavf
i ntroduction of the repair material. To this end i ece of backi ng

material Fbrifedter enra Fefheacesryrast al Inmsushi al Clt%uwntqe@né‘él bver the
area to bﬁeé@&%ﬁf@h&@ HEY %’Eter'hQ? S%fﬁ’ng Qb vEE‘? {£nad rpr%ﬁ:te%{:!aé‘lfﬁcmo the

cavity 14. The refractory nmetal material” preferably has a nelting point in
excess of the58¢ rodpesim) Qafnc}hﬁ?ogﬁpméf@%ll?la nePt i paidat ai pieseess of

1650C  (39P0Fy ba%%k@%?téﬁf rﬁ%gg%”ﬂ&l% Q'ErLQ@of%a q paterial 16

i nclude, niobium tantalum nolybdenum tungsten, aV| ng a nelting
poi nt hi gherPasidiionhd st ithg p@entt@fbmlrﬂ?éb-reéu‘é@ mlsevemtatchﬁumtlrm di um

and the 1 bkesnandzbliel faallios ofbeckefcantor o Tet Al backlngompterial 16 my

be uncoated or Reat i nput repal r on
barri er c@awlrﬂgilc@ﬁeﬁer@tpﬂm ireg Eomeh'em%fproa@tony aat e d aﬂf 14€5Hdi dat es

I ncl ude, l?é’éSf’brE'? 004 nLdsrp tp%gfgpabﬂ%(l d?ne(i%g.ﬂan ﬁélr%min) excess of 1650°C

(3000°F) . Suitable refractory metals for the backing material 16
include, niobium, tantalum, molybdenum, tungsten, metals having
a melting point higher than the melting point of nickel, such as
platinum, iridium, and the like, and their alloys.

The refractory metal backing material 16 may be uncoated or
coated. If heat input of the repair is high, a diffusion
barrier coating can be applied to the refractory material.
Candidates include, but are not limited .to, oxide ceramics such
as alumina or mullite. If an oxide ceramic coating is ﬁsed, an
intermediate coating layer such as a silicide may be used to
help coating adherence. When coated with ceramic, it is
preferred to nickel plate over the alumina or mullite to aid in
wetting the repair filler metal. The coating system may also
include a nickel aluminide iayer left behind after repair to
improve the oxidation resistance of the coating. Alterna;;vely,
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
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as alumna or nullite. If an oxide ceramc coating is used, an internedi ate
coating layer such as a silicide may be used to help coating adherence.
When coated with ceramic, it is preferred to nickel plate over the al um na
or nullite toaidin wetting the repair filler metal. The coating $ysM&M006
may al so include a nickel alumnide |ayer left behind after repair to

i nprove the oxidation resistance of the coating. Alternatively, the
refractory netal backing material may just be nickel plated using
electrolytic nickel on at |east one side if heat input is |ow As

previ ously mentioned, the presence of the coating enhances the wettability
of the backing material during the subsequent welding process. After the
ref r act or ypmeteahbbaché g ivatier h adn londias BeERicpasd tdoomedli fhd heearea 12, a
repair filler metal material 20 is 01%ﬁﬁpsited over the backing material 16
and subj ected% 5°B215&T di AGCopsPAtT ot L L PRe™PEPRI T2 §5 91 Pdr A%t S RFSEr Ral is 3
- 9 MAY 20ffbaurebesadinatdenasi t egei lmamramoun; sufd ingiceal b&sdd |1 the area
12 to be repaired. The repair filler nmetal material nay conprise a cobalt

based mat 1A% ATl AFERNCD202r A MtieCRaF 1 baked thgt &RPPALY Kiddifras | NCO

625. Altermatilvahy, bd he figpairrnéid] eJr cmet shs8By1 108, achpbkefidmet albhaf the
base all oy conposition. The repair filler netal material nmay be applied

usi ng any <GREbFellSEIMAtRG PREFH HudINERNAPAL 19tk USiNIsBRY: HELtRPEEG repair
wel ding teakningUeechMidurd khBen Weh diHY] asteBuch hes heatrdl _E‘B{a'éif%l@finlﬁept | ow

to prevent allqying. Once the repair filler nmetal material 20 has
SOIidifieCEeChnlque' During the welding step, the heat input may be kept
low to prevent alloying.

Once the repair filler metal material 20 has solidified,
the refractory metal backing material 16 may be removed by an
acid chemical treatment using a nitric acid-sulfuric acid
solution. The solution may have 2 parts nitric acid and 1 part
sulfuric acid added to 2 parts water. The mixture is 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 rénge of
from 1 to 4 hours. The oxidizing heat treatment may be
performed either in a furnaée 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. In 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
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the refractory netal backing material 16 may be renpved by an acid chenical
treatnent using a nitric acid-sulfuric acid solution. The solution raa%have
2 parts nitric acid and 1 part sulfuric acid added to 2 parts wat er el006
m xture is preferably heated to a tenperature up to 150F to increase the

di ssolution rate. Alternatively, the refractory nmetal backing material 16
may be renoved using an oxidizing heat treatnent 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 tine in the range of from1l to 4 hours. The oxidizing heat treatnent
may be - pREtQEmee. o hier ;LB: ol NaRe 0 Ve £ e%ayr B8l shande heating. The
renoval of the refractory netal backing materia omtted if the

al | oyi ng #Rteheakefmeadctiongdnie s ingbovef ehfemay it errqaabdl sr cortaagketeds
Referring I a r p n e 30 of a

t ur bi ne bldéggh%gs)eézl l?svt%ratg LPI %1:%32 r?gt Eéfdé&gcoaka} én%lég kga fractory

met al back\ﬁﬁgrm,emralfelrgbiyrsm fitl tformeohs avacea phershla@eam‘a BHetdl ade

trailing gdogcand.any Wtepnal «C0ld Bg Gavidve A" akn n aYadiliahne cutting

t echni que kno he ar | aser cutting, photo etching, stanplng,
or water oyver the tpimfemay befumnmnemerthb $23fami:tsubyen‘e¢calt0baack| ng 4 9
MAY 2006 qRAGELS! . RS b Cﬁgrevseg]%ﬁ'sh”@ﬁgrg a39; 8he e Lhe

mat eri al s mentione erei nabove be coa ec? or “UNco “as  discussed

above. Thenpleden@2itof cpeﬂmagtﬁa!aytmsal36back| ng

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 1is 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 meéhod for
repairing turbine blades which fully satisfies the objects,
means and advantages set fofth 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.



material, preferably in foil form is placed over the area 34 to be
repaired. Arepair filler metal material is then deposited over the piece
of refractory material 32 and subjected to a welding treatnment to ~ 9 MAY 2006
re-establish the blade trailing edge including its cooling features 36.
After the repair filler netal material has solidified, the refractory netal
backing material may be renoved using either an acid chem cal treatnent,
such as that described above, or an oxidizing heat treatnent, such as that
descri bed above. The present invention is advantageous in that it allows a
refractory netal material to acts as a weld backing material to allow
wel di ng owgATOpercIQawrDl €s: or to re-establish internal cooling geonetry.
The refractory netal naterial can later be renoved if desired wthout the
need for extensive post welding blend processing or nmachining such as EDM

nmachi ni nga . Tha sme tARIN9d rhaspPr triC Ul 8bmpéhddt ¥omBri Beng el Ist@bsi ¥est ment
castings. It is apparent that there has been provided a nethod for
repairing turbine blades which fully satisfies the objects, mneans and

advant ages setpfsidy hepebobeforas Motbey tha A1 aaebtial RN aanabas been
described in the context of specific en%odlnents t her eof , ot her

al t er nat i 98sS2HDIFFICRENENES hdFePR&FPat i VS -wi | | become apparent to those
skilled in the art having read the foregoing description. Accordingly, it
is intended to enbrace those alternatives, nodifications, and variations
as fall withind®RRSi¥iaadaseeRie off ilher apperd@gtesial ngves said piece

of refractory metal material in an amount sufficient to repair

‘'sald 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.
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- 9 MAY 2006 WHAT IS CLAIMED IS: 1. A nethod for repairing a conponent
conprising the steps of: placing a piece of refractory netal material over
an area of said conponent to be repaired; and . depositing a repalr'TQMHEKM6
netal material over said piece of refractory netal material in an anount
sufficient to repair said conmponent and subjecting said repair filler netal
material to a welding treatnment. 2. A nethod according to claim1, wherein
said placing step conprises placing a piece of material forned froma
material selected fromthe group consisting of niobium tantalum

nmol ybdenum tungsten, a netal having a nelting point higher than the.
melting point of nickel, and alloys thereof over said area. 3. A nethod
accordlng to claim1, wher ei n sai d pl aci ng steI%1 conpri ses placing a piece

of refractory Z?ré?eaqh%taéFPégl%%\ﬁ%§l§lmn§ck"éne 1% PAGIoR 2F 1 1% &5EPone

surface ovempbaéds Y1@@ing. afpl@id aegohdtdgy tetGhahhtdri ¥NefaehAgsah d
placing step .conprises placing a piece of refractory metal naterlal havi ng

a chrom 8MBYRE ity nbﬁla{cw ‘é%%*%lrtsahelayarf apd Y teargdaz . si5.1cAdfet hod
accordi ngikgegl aim 1, wherein said placing step conprises placing a piece
of refractory netal material, having a diffusion barrier coating. 6. A

met hod according to claim5, wherein said placing step conprises placing a

pi ece of gef rﬁ&ﬁ@i%d*%‘b@brﬂ?i&ﬁ”ﬂ@'cﬂéﬁw N RnekDal isRGJCPEPFASIJG RBLAl UM na
or mullite coating
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. A 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
sald refractory metal material after said welding step has been

completed using an oxidizing heat treatment.
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7. A nethod according to claim5, wherein said placing step conprises
placing a piece of refractory metal material having an alunina or nu §Mae0s
coating layer and an internediate silicide layer. 8. A nethod according to
claim7, wherein said refractory metal material further has a nickel

pl ati ng over said outer layer. 9. A nethod according to claim1, wherein
said placing step conprises placing a piece of refractory netal materi al
having a nelting point in excess of 1455C over said area. 10. A nethod
according to claim9, wherein said refractory netal material has a nelting

poi nt in exc of . 1650C.,.11. A.net hod according to claim1, wherein said
conponent p@sn%r‘fl%tag gcg%tﬁé:ﬁ%ﬁowggrewﬁ fﬂ@‘%ﬁ]ﬁf&&o‘?ﬁ%ﬁ%@agﬂg st er nal
cool i ng cavi ty pibslofrefractéryadhdtllinféred) o0& BAMak AT aR AfebthiRAt &8t oMpct toef ract ory
metal material so as to prevent said repair filler metal material from

entering sai d Pateppised cooling cavity. 12. A method according to claim1,
wherein said refractory netal material is a cut foil which conforns to a
shape of an internal cooling cavity in said conponent. 13. A nethod

accor di ng t oléc Aanethdd adcorditgeto ctzmr fos fepgjiring awipi pogtionsdiadurbafertdateor y net al
material after said welding step has been conpleted using an acid chem cal
treatnent. 14. A nethod according to claim1, further conprising renoving

sai d refractony mighéd ad¥Biddig @lclavht1e! whdtil swRl pdkifienihk 8Rp kempR&EN conpl et ed
using an oxidizing heat treatnment. 7 15. A method according to claim 1,

wher ei n sai d pPetioninga pisceefirpiraciery nsital ratyial sglertedsfren shagrovpeansisting y et al
material over gn,afieah Bhiafin, MYGEENERL whsiin, §HRAGEHE 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.

20. A method according to claim 16, wherein said positioning step comprises
positioning a piece of refractory metal material having a 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.



be repaired. 16. A nmethod according to claiml for repairing a tip portion
of a turbine blade. 17. A nethod according to claim 16, wherein said
positioning step conprises positioning a piece of refractory netal materi al
sel ected fromthe group consisting of niobium tantalum nolybdenum
tungsten, a nmetal having a nelting point higher than the nelting poiﬂ%méﬁmﬁ
ni ckel, and all oys 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 caontaining

mat eri al oved?- ddnethed egordingye clabpdioy Bigthenaympaisingreraaving said mfrgtond ci ai m 16,
wherein said pasidg L. | I L1.Qn] L actory
ToCal Tt or ol A Rk SR SRt G asRRs) LRy nE i RARng I T 0 o
be repaired. 2@eatentet hod according to claim 16, wherein said positioning
step conprises positioning a piece of refractory netal material having a
oxide ceramc coating |layer, an internediate |ayer of silicide, and a

pl ated ni cked3, auh&thod ayefdiMy@Iclfmi Idfor ApRiRing @ tlAAing&Ea¢ bEskurbide blAdéret hod
according to claim 16, further conprising renoving said refractory netal

mat eri al aft er “YBPIEPIRE| di ng step has been conpl eted using an acid chemi cal

treatnent. 8 22. A . j | ad . i .
said refractory m%ﬁl%{egﬁggf}dfg?tﬂ E&thg%lgb%%%n%ﬁﬁsﬁogg&%g@%fgg?}h{bgn{)?g? \e“dng

usi ng an oxi di ef sagd bledst; treatnent. 23. A nethod according to claim1 for

repairing a trailing edge of.a turbi ne bl ade conprising: cutting, a
refractory netal nag(ést’tll g S&f‘f"‘ft Beff?(ﬁﬁf’()?‘ﬁfafg'agnfﬂr 1l oV Fi A RN %%g‘e of said
bl ade; 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.



positioning said cut refractory netal material foil over a portion of said
trailing edge to be repaired; and applying a repair filler netal naterial
over said refractory metal material foil and welding said repair fil1®MAY 206
metal material to effect said repair. 24. A nethod according to claim 23,
wherein said cutting step conprises cutting a foil material fornmed froma
refractory netal selected fromthe group consisting of niobium tantalum
nol ybdenum tungsten, a netal having a nelting point higher than the
melting point of nickel, and alloys thereof. 9 25. A nethod according to
claim 24, wherein said foil material has a nickel plating thereon. 26. A
met hod acopr diange £ lRLBY dfng W @AM AL d Jiide iHBL8E hakoi Nt & GRH OM um
coating thereon. 27. nethod accordi ng to claim24, wherein said foi

mat eri al Nagag élﬁ¥%kéﬂﬁﬁﬂageﬁh%@¥ﬁhlc coating thereon. 28. A nethod
according to claim23, further conprising renmoving said refractory netal
foil material after said welding step has been conpleted using an acid
cheni cal 4%-eafniepthodgccardierhod sdednd?hg whrreliai sr2d, fobk thaderdedpri si ng

removi ng psaid g ek Agt g@gtgggaghgr%lon material after said welding step has
been conpleted usi ng an oxi di zi ng heat treatnent 10

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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