REPAI R AND RECLASSI FI CATI ON OF SUPER- ALLOY COVPONENTS FI ELD OF THE

| NVENTI ON [ 0001] The present invention relates generally to turbine engines,
and nore specifically, to the repair and reclassification of worn or
damaged turbi ne engine conponents. BACKGROUND OF THE | NVENTI ON [ 0002] Gas
turbi ne engi nes have | ong been used to propel aircraft, generate electric

power, and pu fl UI ds, etc. The turbine sections. of [ conpri se
alternating r B AND, W@EI%EIQM%$%EB@&Y%%§§M stabilize
and direct the gas flow fromone row of rotating turbine blades to the

next, thereby optimzing the anmount of work that is extracted fromthe
turbine section. A nozzle area is defined by the spacing between adj acent

vanes, andrIEEDIOPTCHE INVEBGIIONed a cl assification nunber corresponding to
the volunetric gas flow that passes therethrough. [0003] During operation,
abr asi ves and corrosi ves in the hot gas flow inpinge upon the t ur bi ne

vanes, U[@b@]ﬁht hemf %er '185&&1%11 r%ié?eg?%eﬁ raﬁﬁq ;{Eribgr; 1, a{ll\ﬁ?rgﬁged'

Furtherm) e hot ow causes

enl arges tdpgcifieAB), @o ah@& dpemd afld rfwmhﬁan@rh@feﬁdmmremageﬁ mhﬁ'né gnginee.
Therefore,  during periodic engine overhauls, these turbine vanes are

i nspect ed Jompopenisi cal damage and are eval uated to determine the change in
the flow area or nozzle «classification that has occurred. Generally, these
vanes nust either be replaced, or danaged areas nust be repaired and eroded

mat eri al NMRACKCROENROEATHE INENFSEON Yy the vanes before they can be
returned to service in an engine. [0004] Wiile there are many existing

met hods for repai ring and/ or reclassifying conponents such as turbine

vancs, \nudhl RIS LU SRRHTRES IISEe) G U dnSetfabr bt e o
I't would aélé&ri@@oﬂ@ﬁ lah&ﬁb'uﬁlpt AuidaVedc. "EhE O8Bink Gectid2e Vf sty edgifésOdomprise

alternating rows of static vanes and rotating blades. These vanes stabilize and direct

the gas flow from one row of rotating turbine blades to the next, thereby optimizing

the amount of work that is extracted from the turbine section. A nozzle area is

defined by the spacing between adjacent vanes, and is typically assigned a

classification number corresponding to the volumetric gas flow that passes

therethrough.

[0003] During operation, abrasives and corrosives in the hot gas flow impinge
upon the turbine vanes, causing them to deteriorate, erode or become otherwise
damaged. Furthermore, the hot gas flow causes distortion of the vanes, which
enlarges the nozzle area and diminishes the efficiency of the turbine. Therefore,
during periodic engine overhauls, these turbine vanes are inspected for physical
damage and are evaluated to determine the change in the flow area or nozzle
classification that has occurred. Generally, these vanes must either be replaced, or
damaged areas must be repaired and eroded material must be replaced to reclassify

the vanes before they can be returned to service in an engine.

[0004] While there are many existing methods for repairing and/or reclassifying

components such as turbine vanes, they all have their drawbacks. Therefore, it would



recl assifying such conponents that may ot herw se be unrepairable. SUMVARY OF
THE | NVENTI ON 100051 The above-identified shortcom ngs of existing repair
and/or reclassifying methods and naterials are overcone by enbodi nents of
the present invention, which relates to inproved repair and/or

recl assifying nethods and materials. This invention nmay be utilized to
repair and/or reclassify various conponents, such as, but not limted to,
gas turbi be dasigable @oﬂvpmwempwveﬁome@lﬂ?daf%dmw& ape/of Hieglapsildig S conpri se

met hods T of. Bl Al Noy Uy IRAISH 1 48raB1e R} Bald GndhbdsCh rHAREE GRIGODS MRy

COITpI’ISE ICc ar nprises a nic eria

appl yi ng gedlseifin l@a&ﬁﬁbm@rﬁﬁlsahatﬁma[?m’th&wm tehoudpairable8. 9 wei ght percent |ow
nel ting point nlcE -based all oy and about 81.1-95 wei ght percent

ni ckel - based base material on a predeterm ned area of the netallic article

to buildgw%‘gr(?p%ﬁm ﬁi%ﬁa if the netallic article c_orrprisesa

cobal t - ba app ying a cobal t-based naterial conprising about

15 30 weight percent low nelting point cobalt-based alloy and about 70-85
wei ght percent cobalt-based base material on a predeterm ned area of the

netal | ic 40901 e to i | ebays- lﬁﬁlfkﬁfleo@PQ??ﬁlmﬂ Oér SXiStigRd TRRYE @PYSTi ng t he

ticl t d t
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further caopwmitisg, veHElimhitanyo Camroved, répairdesd/or realisaﬂym‘gammahm uh

metallic article prior to depositing the ni ckel - bas r| al or the
cobal t - bageafernals.er iTals drvenHan may drq jugliged jte| epair rnﬁﬁc LY EIOBYIr t her

compr i s¢ apRXLAG AALAL G AN SBRANG Grirk WG MBLBhbEeRE i cl e at | cast

partially A C ase erra - based material,
after the heat treating step. 100071 The ni ckel - based base naterial and/or
the cobal t-based base material nay conprise a conposition sim/Jar to that
of the netl@006lc artiBmbodimsats| @ﬁvtm@nﬂ}/wonp%ﬂmnnsm BREdp ek Puadingy Uand/ or

the low neltin 0| n et&%@%r{l?l?asﬁg e%g yaé %?PJIS% o rdéagl_hg.agggpom tion

simlar td ¢RA mEtall'c art el
comprises a nlckel -based material, applying a nickel-based material comprising about

5-18.9 weight percent low melting point nickel-based alloy and about 81.1-95 weight
percent nickel-based base material on a predetermined area of the metallic article to
build up the predetermined area; if the metallic article comprises a cobalt-based
material, applying a cobalt-based material comprising about 15-30 weight percent low
melting point cobalt-based alloy and about 70-85 weight percent cobalt-based base
material on a predetermined area of the metallic article to build up the predetermined
area; and heat treating the article at a predetermined temperature (i.e., about 1093-
1260°C) for a predetermined amount of time (i.e., about 4-20 hours). These methods
may further comprise removing any coating, oxides or contaminants on the metallic
article prior to depositing the nickel-based material or the cobalt-based material on the
metallic article. These methods may further comprise applying a protective coating to
the metallic article, at least partially covering the nickel-based material or the cobalt-

based material, after the heat treating step.

[0007] The nickel-based base material and/or the cobalt-based base material
may comprise a composition similar to that of the metallic article. The low melting

point nickel-based alloy and/or the low melting point cobalt-based alloy may also
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wei ght percent of a nelting point depressant. [00081 The netallic article
may conprise any suitabl e nickel-based superalloy and/or cobalt-based
superal | oy, whether a single crystal alloy, a directionally solidified
all oy, and/or a polycrystalline alloy. The netallic article may conprise a
gas turbine engi ne conponent, such as, but not limted to, a high pressure

turbine vane,, a | ow pressure_ tur an ress t.ur | ade, a
bl ade out &°THTIE §&gMmPpOsifoR Sl o B 6 f‘éalﬁsﬁﬁ{fé%p‘?%dn#}“ﬁf‘e?bougb?ggag
support, ﬁgﬁt }cen?.op@.&teltﬁ%%,mtqief)féggam nozzle, a conbustor case, and/or a
combustor s [ 00091 Empbodi nents of this invention also conprise

nmet hods of repai r| ng surface defects and replacing material on a

ni ckel - based rretalll art] le These nmethods may.conpyi.se: ositing a
first mat Pl on a f)}P FcrﬁrH%lﬁ néarye‘iﬁ’nlﬂmsan)‘lf"é‘%é’&e %géf‘éﬁ’%f Séﬁ%fsfa O%rticle,
the Conposinw&ncggalttl?ﬁecﬁ' @Era‘i‘i&}'ervﬂﬁ'the?ommg‘]lb NgyaaP Wiloy 3% Je¥¥idnahy percent

| ow nelting point alloy mxed Wth about 0 wei ght pércent base
mat eri al ; séigifidtdlioy, andecompdlyceystallied altoyer Thamefalhie articke way sbmptibea
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materi al ; foRl ples &t hﬁsmte %n@ranb@ fﬁ"es%ﬁre (Ao BBl € AR e aeseat, ur e for
a predeterm ned angunt of tine. mbodi ments of this invention also

conpri se rr:etﬂansjsomfductemacqrmbngstlosdnfeacze sedfseppat, antucksyl achstgcaret @ficdl on a

cobal t - based petal | Le article. These thods nmay conprise: depositing a
first mat e‘i‘qzéreﬁﬁo%? PHYEs ARt a CQV’BHSIIE shing ﬁ‘f‘:obal t-based netallic article,

the conposition of the first material conprising about 40-50 wei ght percent
| ow mel ting point alloy mxed with about 50-60 wei ght percent base
mat eri al ; [0OPYsi t i ngEmbedinwmts nﬁttmsiiavendoeralsdweompnsﬁ meghaelsi el repallmeg

conposi tion of e second materl al . ri SJ er cent
ow el 1§ ngBet R 69¢ THRIZBBE I RrGothe PSRBS N Ghiae e pauBe
material; ﬁ@@,ogg%ﬁngl e&ﬁbhgw cIeB@mﬁﬁ% aCtht %at@rlalpér?qeﬁl%ﬂ%ﬂﬁﬁe& eppepaure for
apredetermne unt of tinme The first material and the second
mat eri al maygkdldasehosialled adsleq tisd qghp;osmon of the first material comprising about

30-50 weight percent low melting point alloy mixed with about 50-70 weight percent

base material; depositing a second material over the first material, the composition of

the second material comprising about 5-18.9 weight percent low melting point alloy

mixed with about 81.1-95 weight percent base material; and heat treating the article at

a predetermined temperature for a predetermined amount of time.

[0010] Embodiments of this invention also comprise methods of repairing
surface defects and replacing material on a cobalt-based metallic article. These
methods may comprise: depositing a first material on a predetermined area of a
cobalt-based metallic article, the composition of the first material comprising about
40-50 weight percent low melting point alloy mixed with about 50-60 weight percent
base material; depositing a second material over the first material, the composition of
the second material comprising about 15-30 weight percent low melting point alloy
mixed with about 70-85 weight percent base material; and heat treating the article at a

predetermined temperature for a predetermined amount of time.



graded | ayer, wherein the conposition of the graded layer is simlar to the
conposition of the first material as deposition initially begins, and then
the conposition of the graded |ayer varies to becone simlar to the
conposition of the second naterial as the graded |ayer continues to be
deposited. [0012] Further details of this invention will be apparent to
those skilled in the art during the course of the follow ng description.
DESCRI PTI @801 THE OikaviriGsafeoeligid tEﬁw@ndmﬂt@wd)mawmesdemwéq%tﬁS@rslreﬁl@

descri bed herein hel ow w reference t rj f.iqures,.. rej i ke
character sgr%({e%r Zafy ?’e‘ﬁ'\g re&é?f‘&n% Igpq%lﬂkoé Bgrtpg értgﬁgdodg%gufs tshﬁé\ﬁ%r g(%/viqpl%s, in

whi ch: [ OQbddpoFitigHr 6f hé Sfirdt SakerEt b¢ dHpaxtiog imhWynBegns,eamdaheenhe of this
invention utilizing a single layer repair/reclassification system [0015]

Fi gure 2 icompositihemdtthe gtadadilaisr aood gbesapichemilanisoticraompostionHfghe
invention utiljzing.a nultilayger repair/reclassification system and [0016]
Figure 3 i%c%dﬂﬂﬁtfngﬂia&ﬂbeggrg%ygﬁg ‘ﬁﬁ“‘feﬁé" gﬁ@%‘%ﬁsﬁﬁ it of this invention
depicted in Figure 1. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0017] For the
purposes of pronoting an understanding of the invention, reference will now
be made t d08bite enbﬁrmnﬂgtads of Wiissinervtiont wiblrbeaappiarent b thaseekilled MRhGURES 1- 3

and specific,|l anguage use escribe the sane. The term nol ogy used
herein is q‘rg?urf%gﬂ%g?lg%es%ﬂ(})l%?%goswép 8 Slcgﬁt,}or}iot limtation. Specific
structural and functional details disclosed herein are not to be

interpreted as limting, but nerely as a basis for teaching one skilled in
the art thESERB?EQN@%ﬁU(B@H% &ent invention. 4 Any nodifications or
variations in the depicted structures and nethods, and such further
applications of the principles of the invention as illustrated herein, as

woul d norpmei3jy ocCUEmbediaieatss bf | thd inventibie ¢ t deseritfedC BRfdikl efetsiv t @ithe Wi t hin
the spirit an scope of this invention as described and cl ai ned.
reference to various figures, wherein like characters of reference designate like parts

throughout the drawings, in which:

[0014] Figure 1 i1s a schematic drawing showing an embodiment of this

invention utilizing a single layer repair/reclassification system;

[0015] Figure 2 is a schematic drawing showing another embodiment of this

invention utilizing a multilayer repair/reclassification system; and

[0016] Figure 3 is a photomicrograph showing the embodiment of this

invention depicted in Figure 1.
DETAILED DESCRIPTION OF THE INVENTION

[0017] For the purposes of promoting an understanding of the invention,
reference will now be made to some embodiments of this invention as illustrated in
FIGURES 1-3 and specific language used to describe the same. The terminology
used herein is for the purpose of description, not limitation. Specific structural and
functional details disclosed herein are not to be interpreted as limiting, but merely as a

basis for teaching one skilled in the art to variously employ the present invention.

4



[0018] This invention relates to nethods and nmaterials for repairing surface
defects (i.e, cracks) and/or restoring dinensions to a conponent (i.e,
reclassifying a conponent), such as a gas turbine engi ne conponent.

Enbodi ments of this invention provide controlled build up of worn or eroded
areas of a conponent to neet precise dinensional and netall urgical

requi renments. Prior to restoring dinensions to a conponent, surface defects

may al so bny epdifications oh verBaeismanthe dspicted strigiyen@end imethads, end fpeht i on
t t \ \ = | T e
ot o e B P P PR G M i AT RE LRSI & g o

structure bor rdes*an erat dre. 19] Many
sui t abl e GRRaNEBLsurc@NoheskiBéd bitehat, aré epadideed o5 be esitiin elle byirit andodi nent s
of this invention. For exanple, turbine vanes are often distorted or

di nensi onaicpye efithisgerendigr as deschibedardelaisisdr at i ng conditi ons to which they
are subjected. Such eroded or distorted surfaces can be refurbished or
restored with enbodinents of this invention, thereby restoring critical gas

pat h di mrengops)s to thgisenvenciopaslats so nhddsemdometerislyrfoacepaittigeairfaceny be
repaired sinultaneously therewith. [0020] Before the materials of this
i nventi on deferthl.capiackarndiraesionpg dEREnsions je @ wepenentr GEnEclrsHENGAY

. ’ d . . ' ; - . t0 b
Femoved. BRI HER3h & Rab PRkRs HehsFo SRIMAT Pe Rl ARbTREREE Cucn

as, but nogrolidgichegolidd bgld &p bf 8sin Bgeroded hieas 6fa copbhdig tivnidet prcisi ves,
chemi cal stripping, waterjet blasting and/or autoclave processing, etc.,
ei t her al odimessional nandh mstal b giesl. repnEpmants.er Priohéo sefterarse dypeasienscOnponent to

be repaired, includi I | 1.8, . e . i i des,

debr i o or gmebent odfhe R i alsS ve B o ARSAERE STUURBIUECS: | oy
sui t abl e MERiBEfvergidBhcRstes HdbuddOfephited t&Eiporedts HUadhgna @efdeprisdifetimien heat
treating, processing through hydrogen fluoride gas, grinding, rinsing with
aqueous or sodidifted; strusiyre/baving mitimal Borjdye ang a byghaetpdt (EBPSENESL surfaces are
cl eaned, the conponent may be positioned for coating in any suitable high
energy coating system such as, but not Ilimted to, a high velocity oxy
fuel (HVOF)00$9pt em  Blah¢Wuidites sohPor¥n&Sean tepiefirbished, repaired or restored by

embodiments of this invention. For example, turbine vanes are often distorted or
dimensionally changed due to the harsh operating conditions to which they are
subjected. Such eroded or distorted surfaces can be refurbished or restored with
embodiments of this invention, thereby restoring critical gas path dimensions to these

components. Furthermore, surface defects may be repaired simultaneously therewith.

[0020] Before the materials of this invention can be applied to a component,
such as a turbine vane, any coatings, oxides or contaminants on the component may
first need to be removed. Coating removal may be accomplished in any suitable
manner, such as, but not limited to, grit blasting, machining, belting with abrasives,
chemical stripping, waterjet blasting and/or autoclave processing, etc., either alone or
in combination. Thereafter, the surface of the component to be repaired, including
crack walls, may be cleaned of residual oxides, debris, organic contaminants, etc.
This cleaning may be accomplished in any suitable manner, such as, but not limited
to, vacuum and/or hydrogen heat treating, processing through hydrogen fluoride gas,

grinding, rinsing with aqueous or organic solvents, etc.



(LPPS) system an air plasma spray (APS) system a cold spray system etc.
In enbodi nents, HVOF may be desired because it can produce coatings that
are nearly 100% dense, having porosity therein of |ess than about 0.5% As
shown in Figure 1, the eroded area 51 of a conponent 20 rmay be built back
up to desired dinensions by applying a material 40 conprising a low nelting
point alloy and a base material. If the conponent 20 is nmade of a

ni ckel - basl%éﬂzﬂat eri aPnce Hie AmRoneaf SHtfa‘??ﬁyarEdﬁ?ﬂﬂieg’etzheaB%Po@niS’?@’ Rei ght

f_ a. ‘ [ 1 1s ' t of
porcent, TS LGy S s gls sy, ogieen o o

base mater t 1s coffpatible w material of the
conponent 12ited to, thaighomgerigndxy? Gudl SHYVER® ©fstea, cobsd tprdsasredplashespray, t he
material 40 nay conprise about 15-3 i ght perce of a low nelting point
al | oy and GBER Systomgan gy @E‘Fmﬁe?pé@h?‘“ﬁ) éysﬁ%ﬁg’ea r?ﬁr‘{eﬂ?ré}’ PYREE: - c dPpat i bl e
with the 099@ 2 ORg! he! t a4 68SEHAP Wreldcad| t i onal

bl ends of na gﬁlpg@gelig havgwb%ﬁlgﬁ&i% g gt?s%ggge 'flerigimc ntentse than used in
exi sting rHEWah dersadhaving pedosiss tHeradmbf ts thamtabouts)). 5%hi Ahshoppi mafigyredn| y

i nclude up_to about 60 wei ght perc n . repairin

ent base materi al en re
ni ckel - bas®a crpded ares) & olghermaprnest b By %@g’%f’%m’p@r‘gﬁ?d B’é’geélswﬁé éri al
when repai [ = J : SR b orirng sone
exenpl ary %ﬁ@ﬂg??ﬁgﬁ%@i@ﬁ%’o ens'?ﬁsg, Qh%fﬁse@%é?ll}{gﬁ%i{) nay[)?:%gln%?t?éél' about 18.9
wei ght  per the rbmiporenTelOt is mgadeafrd niakdldasaimiateaiblo tiie Mhtetialwd gidy qenpesat base
material. In other enbodinents, this material 4 conpr.is abotﬁ 10

wei ght per &9t Stldw Hetaht Pgrosel ok 2 4% Wl%ﬁﬁjp%lﬁbﬂﬁow%'?%tgl'bg? JeH8thase
material. |hcorelorQf DL ARRALI HENTsS cir%;gﬂti%l%ﬁtg [the i@ URELAGRBAAISE AROUL S

wei ght percent Iow nelting point a and about wel ght percent base
mat eri al . cdvporentu20.oifithe cenmpontint@0tis made ofik sobgitbasel Ineaterfid) 08 matérexd

repairing/restoring so exenpl ary, cobal t - hased conponent s this material
40 may confft me¥ caBwEise gﬁc%ﬁgﬁw ightpsfeent G aneP AN HOHE 2Py 89d aRRH about

compri oo angit DeEhaP ARt L4 Tare PuRlel e e R PR Py e PR e el gt
6 material of the component 20. These non-traditional blends of materials 40 have

much higher base material contents than used in existing repair and/or reclassification

methods, which typically only include up to about 60 weight percent base material

when repairing nickel-based materials, and up to about 50 weight percent base

material when repairing cobalt-based materials.

[0022] When repairing/restoring some exemplary nickel-based components,
this material 40 may comprise about 18.9 weight percent low melting point alloy and
about 81.1 weight percent base material. In other embodiments, this material 40 may
comprise about 10 weight percent low melting point alloy and about 90 weight
percent base material. In yet other embodiments, this material 40 may comprise about
5 weight percent low melting point alloy and about 95 weight percent base material.

Numerous other embodiments are also possible.

[0023] When repairing/restoring some exemplary cobalt-based components,
this material 40 may comprise about 30 weight percent low melting point alloy and
about 70 weight percent base material. In other embodiments, this material 40 may

comprise about 25 weight percent low melting point alloy and about 75 weight
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percent base material. In yet other enbodi nents, this material 40 may
conpri se about 15 weight percent |ow nelting point alloy and about 85

wei ght percent base material. Nunerous other enbodi ments are al so possible.
[ 0024] There are many benefits associated with using such a high base
material content in such materials 40, all of which may allow repairs to be
made that may not ot herw se be nmade sati sf Qtorilylﬁgth exi stin

repai r/ r ecROESHY bassanatenal ngr Kefdher SHIPOfIRGaS; Ng Mafgiig! fra iy cQrPrisp osi ted
in this i ”Y?@Efgﬁﬁ%{;&tgﬁ :r%eégﬁﬁﬁﬁg% QWi abBLOYE el Bt PBLEnt RSP RARLHL €. and

contain fewer e ng repair/reclassification
mat er i al s. Nifh6idn} other eitlodinentstave ales possibdeg) di nensi ons to a conponent,
enbodi nents of this invention also allow surface defects, such as cracks
53, to be repaired. In such enbodinments, as shown in Figure 2, where the

conponent [%)9%%]5 made-g re SarB Iﬁglg}l ‘beH@ﬁt@d%sg@ctiﬁE& alith ehs_fri-r%r Shehmat Bighabhasd0.
conpri sing about 30-50 wel ght percent of a low nelting point alloy m xed
wi t h about mb@rid0comtdng it syphrmatatialefd0aalbaf ehivhtreay allow heptairs $o be amdatthdsl e wi t h

t he ni ckel -based material of the conponent 20 can b eposited o t he
conponent @Y nehyhenifisehe méd%%?éléf?ﬂtog& With gX1s}pg E%H%Fgﬁgsbg%%fmghofé. 9
wei ght pe a i i raht
bor dont by a5 arcftals? TRkl BAIRedl (i AREEAPHe filly hele, WL

mat eri al ohighére re-amonempe@tireannbe contaposewed boittld oporafes,t hkarf i axsdtingat er i al
30. Nunerous ot her enbodi nents are also possible. [0026] In such

enbodi nent%ePaléféegﬁé‘%ﬁati@Pmﬁﬁﬂﬁlé 2, where the conponent 20 is nade of a
cobal t-based material, a first material 30 conprising about 30-50 wei ght
percent of a low nelting point alloy mxed with about 50-70 wei ght percent
of a base [06@Fkri al tlhatlditiondonpsdring dinwdnsilons e a cobmbohertiaemblodratentsicll of t he

conponent 20 can be depgsited on the conponent 2 Thereafter, a second
materi al ABITEYERI #EP aﬁ%\ﬁtsugf%e- @ﬁ{"}%i Yk awaebﬁg%tp TeBastel 11 5 poi nt

o157, oo SHimERsC Y PRSP, sy ol il L dapat
of the firbisedmtaeria) a st hiberalod canhpasing aboaudi e svedghe percent of a low
melting point alloy mixed with about 50-70 weight percent of a base material that is
compatible with the nickel-based material of the component 20 can be deposited on
the component 20. Thereafter, a second material 40 comprising about 5-18.9 weight
percent of a low melting point alloy and about 81.1-95 weight percent of a base
material that is compatible with the nickel-based material of the component 20 can be

deposited on top of the first material 30. Numerous other embodiments are also

possible.

[0026] In such embodiments, as shown in Figure 2, where the component 20
is made of a cobalt-based material, a first material 30 comprising about 30-50 weight
percent of a low melting point alloy mixed with about 50-70 weight percent of a base
material that is compatible with the cobalt-based material of the component 20 can be
deposited on the component 20. Thereafter, a second material 40 comprising about
15-30 weight percent of a low melting point alloy and about 70-85 weight percent of a
base material that i1s compatible with the cobalt-based material of the component 20
can be deposited on top of the first material 30. Numerous other embodiments are

also possible.



al so possible. 7 [0027] Still referring to Figure 2, the first and second
materials 30, 40 may be deposited in the sanme manner descri bed above for
the restoration nmethod (i.e., HVOF, LPPS, APS, cold spray, etc.). In
enbodi ments, the first and second materials 30, 40 nay be deposited as
separate layers in one continuous spray process. However, the first and
second materials 30, 40 may be deposited in separate spray processes, if
desired. The materials 30, 40 of this invention may al so be deposited as

cont | nuouslbgzngfade%thﬁ%% ing 'té F%gme[ﬂ ﬁm'aﬁd t&%ﬁaw&lms@mg geous

because it dri'ves a ver teria which has a rel’atively high
anmount of c&pbﬂtﬂdr’mlthel sag1epnamter dd:dcnbed above donthe restaatiorcmethpd €se. I3V, or t o
i oned t melt and flow v

h il
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near the fur ﬁnxbsedaﬁal mqﬁenalsudé)s 49 anbe depositel oni sdpardepspsait patcesshy 1§ur f ace

57. Existing, techniques rely on liquid nelt f |nt such. cra ks and
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desirabl e érgd’&l faggrai ﬁc&glr &’esl‘}ﬁ{) r?xjehﬁon'l Y&t gQOLRe?&Hﬁs% 1tV&éfVQs @ed i ng

t echni ques; ficu t to ance t e anount o I qui needed to fully
heal the rdmtse afatdriab 30y which has tahelitivpllyddgle amguat of © tavs hraltigipant hldoyi, ng
excessi ve borides near  fhe surfac of the crack. %OOZB I n_.enbodi ments such

as those sREWHE| ok Gyitles 33 RifErie Nereireadnpindhiere e Well pasitiopd to melt
ni ckel - basgy ﬁ?&ve(liaal:a s %ﬁtfoﬁt m@@ttﬁ% ir8bt 3P hHPYrRMBiRE heROHEarRlnt, Wei ght

percent |low nelting point alloy and out 50 wei ght percent base material,
and the sapplivdtiomiélicadecdd mayermbAPoff stes abentior, 8vidchvbagh smpHercandunt ow

mel ting poi nt al l oy. and about 81. percent base material. In other
enbodi ment ¢ thalpemelme %Wﬁ?élﬁéﬁteaQ elt‘éplﬁgii’e Wisler ‘éPtFﬁnéﬁéfthﬁééaé’& (h&t ’éerairal t he

first mat e aslurége JH%E& $€den?0 Oty ﬁ&ld’é’e&egx'& t R tﬁ@?ﬁrﬁic%"%ﬁe 5 pO! nt
all oy and a out 0 percent 'base nmate , and the secon Perial 40
may conpr i techradoagt reljD omhghid pesitc Elotvidgounto such cracks and then 1sothermally
solidifying during heat treatment, which is less desirable than the techniques of this
invention because, with existing techniques, it is difficult to balance the amount of

liquid needed to fully heal the root of the cracks without producing a microstructure

having excessive borides near the surface of the crack.

[0028] In embodiments such as those shown in Figure 2, where the component
20 is made of a nickel-based material, the first material 30 may comprise about 50
weight percent low melting point alloy and about 50 weight percent base material, and
the second material 40 may comprise about 18.9 weight percent low melting point
alloy and about 81.1 weight percent base material. In other embodiments where the
component 20 is made of a nickel-based material, the first material 30 may comprise
about 40 weight percent low melting point alloy and about 60 weight percent base
material, and the second material 40 may comprise about 10 weight percent low
melting point alloy and about 90 weight percent base material. In yet other
embodiments where the component 20 is made of a nickel-based material, the first
material 30 may comprise about 60 weight percent low melting point alloy and about

40 weight percent base material, and the second material 40 may comprise about 5
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melting point alloy and about 90 wei ght percent base material. In yet other
enbodi nents where the conponent 20 is nmade of a nickel -based nmaterial, the
first material 30 nay conprise about 60 wei ght percent |ow nelting point
al l oy and about 40 wei ght percent base material, and the second material 40
may conprise about 5 8 weight percent |Iow nelting point alloy and about 95
wei ght percent base material. Nunerous other enbodi nents are al so possible.
[ 0029] | n weighidperesnt Jowumklting poirdsdlog eodrabont 5 gueight Deraghk baset etetdnponent
20 i s nmadeof a cobalt-based terial, the first material 30 nay conprise
about 50 %dEPSRPSB Egﬂgmﬁ ﬁP%gT @ﬁbp%%gﬁh al l oy and about 50 wei ght percent
base material, and the second material 40 nay conprise about 30 wei ght
percent low nelting point alloy and about 70 wei ght percent base material.

I n other el®823YUi nent singmehodiments suchras dinsashon isFigage?, sthere helsamporged

mol i ng. pot e aHEhr ARaoab e o Rl g A e? BarfRpah ot iFnits RLEE0 "

second natwéiphd ped@niyy SRHH poentaley in®Bbote b g Mleighe herRbiit Hamatekiat,iang poi nt
all oy and about 75 wei ght percent base material. In yet other enbodinents

wher e t he thesgrond materinli4§ maytieonaririsg abeos A0t weighiarernt W meltingointiatlgy
materi al 30 ,ma onpr.i se .abhout 40 weight. pergent, | o | ti int,alloy and
2bout 60 9 B AT ol Bho RS g PasFirplehah e i Blnet MRS, R

materi a

conprise ah@hioné 20Ri ke ¢S €alt-Haoll Miedetinl) thePRishinatdrlaD0 Aty Dagise 80
wei ght percent base material. Nunerous other enbodi ments are al so possible.

[0030] | n ahouké0 -wraghicbesernd dowreneling poinhiaboy ayeabesroQ watght dejsentslase gr aded

| ayer, the mat.erial, .bein epasi t initially, near face 55 conprise

wbout | 30- BOClE R B8 SehnBRRLR g Ml Pt AR AR el B abou

50- 70 wei gREItRE! f&IAL all6y shdoabeutn®s evdight béraénti BaseOfiagdriabl emnykh ofiee

ni ckel -based naterial of the conponent bei ng repaired. Then, as the

mat eri al cemnbadiments twhese thiepaspansdt 20 is mage obat jobak-based mateyial, the Hmdosi ti on
ter surf.ac a e it

until, near_th of ,Lhe.depasit mat eri al sur 57,
corpr | ses mastie Y8y sStrh ool b BT e SRt Bing b ey 41 85na  apout
60 weight percent base material, and the second material 40 may comprise about 20
weight percent low melting point alloy and about 80 weight percent base material.

Numerous other embodiments are also possible.

[0030] In nickel-based embodiments of this invention that comprise a graded
layer, the material being deposited initially, near surface 55, may comprise about 30-
50 weight percent of a low melting point alloy mixed with about 50-70 weight percent
of a base material that is compatible with the nickel-based material of the component
being repaired. Then, as the material continues to be deposited, it may continue to
vary in composition until, near the outer surface of the deposited material, at surface
57, it comprises about 5-18.9 weight percent of a low melting point alloy and about
81.1-95 weight percent of a base material that is compatible with the nickel-based
material of the component being repaired. Numerous other embodiments are also

possible.

[0031] In cobalt-based embodiments of this invention that comprise a graded
layer, the material being deposited initially, near surface 55, may comprise about 40-

50 weight percent of a low melting point alloy mixed with about 50-60 weight percent
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81.1-95 wei ght percent of a base material that is conpatible wth the
ni ckel -based material of the conponent being repaired. Nunerous other
enbodi ments are also possible. [0031] In cobalt-based enbodi nents of this
invention that conprise a graded |ayer, the material being deposited
initially, near surface 55, may conprise about 40- 50 wei ght percent of a

| ow nel ting point al]oy mxed with apout 50-60 wei ght percent 9 of a base
material t ziltbaﬁ%“@%Fﬁﬂé%lhaﬂsecqmﬁ%br%‘@l%gﬁaq(g@%%’éw Raledek of the compencab nponent

bei ng fepadefrﬁggraepli?@d% Tﬁén,ta@ﬁhma%ria@!c?&%te; VIS d%g%ét?gd,dﬁnﬂ | E&finué to MY

continue to y I'n conposition unti near the r surtace of the
deposi t ed vary ér ¢ahposétionsuntil awear tiEe/qutert suefangof theslepbsited rétedal, wesugfate per cent

of a low nelting point_ allaqy and about 70-85 weight percent of base
material tHatt FENRIESEHAPPW| 1o~ Meishh aecam1tia oy aeltingpant alloYornd #ROUE oponent

bei ng repajyed., b I g)tfpﬁgas%m%mﬁma% iéksrg@hmf \m%t%ﬁﬁ'ct 361&19&@;’»@1 The

base material's ut I'S i nvention nmay osely matc conposition
of the conpategsltofbtie @mpestnr edng Feraired.amblmeroin otreb edibvdithents iafe aso t ur bi ne
vane is being restored, this base material nay conprise a cobalt-based

super al | oyPosElBK- as Mar- M 509, an equi axed ni ckel - based superal | oy such as
Mar-M 247, a directionally solidified nickel-based superall oy such as Mar-M
200+Hf or PWA 1426, a single crystal nickel-based superalloy such as
PWA1484 or[003Y 1480, Theebase meeH3k ukiezed duvthislihvemgiopanay cidstlyymatghitheé zed in
this invention may conprise a conpositio imlar to . the base material, but
i ncl ude alfomPostPnPIhGLogRONEHE Redh reé?or%ff %@T EXHBPISoihEmBedrEsSatt 2 such as

boron or siki:con rel ] f . pred
and or t na G dnd TS SRR nifRE Bl RSP SBR PRl RoSuLERRLT €
conmponent guperaliey bedi as MaatM d 09 pardeqsaded iitlel-basedtsuperatiog secheas BlaasMli f f usi on

bond between the deposited. materials and the _underlying conmponent. During
heat treat#Entd dirsrsiopalhp splidifedatckel-hpsed shasralipy pueth@s Mar-M 200+HT or

PWA 1426, a single crystal nickel-based superalloy such as PWA1484 or PWA 1480,

etc.

[0033] The low melting point alloys utilized in this invention may comprise a
composition similar to the base material, but include about 0.7-8.5 weight percent of a

melting point depressant, such as boron or silicon, therein.

[0034] Once the surface defects are repaired and/or the eroded areas are built
back up to the desired dimensions, the component can be heat treated to densify the
coating and create a diffusion bond between the deposited materials and the
underlying component. During heat treatment, the deposited material bonds with the
component and forms a continuous, void-free, isothermally solidified microstructure
therewith. Suitable times and temperatures should be selected so as to provide
favorable diffusion characteristics, while also maintaining the metallurgical integrity
of the underlying component (i.e., while avoiding incipient melting and/or
recrystallization of the underlying component). In embodiments, the heat treatment
may comprise heating the component to about 2000-2300°F (1093-1260°C) and
holding it at that temperature for about 4-20 hours.
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conponent and fornms a continuous, void-free, isothermally solidified

m crostructure therewith. Suitable tinmes and tenperatures should be
selected so as to provide favorable diffusion characteristics, while al so
mai ntaining the netallurgical integrity of the underlying conponent (i.e.,
whil e avoiding incipient nelting and/or recrystallization of the underlying

conponent). I n enbodi nents, the heat treatnment my co ri sg heat i ng t he
conponent 0833 bout 2 bess tiealing dhe Tengived/resinaed ﬁ@pa@rr?@ CR0 3¢ pspsete

temperat lrig LAYy sBRMH dakid N8UERurc! tnd QOipndit liETadlERtbbIE RALARD. ShbF

repai red/ rest conponent can be inspected in any sultable nanner to
ensur e t hengroponmethods neaydeghddbat dremotEmitedus visuahspeetipndinendiatd nay

i nclude, but are not limted to,. visual i nsiectl on, dinmensional inspection,
f1 uor esceripslft?éﬂ‘é‘%’rﬂe\’r"?fesf??fﬁﬁéﬁ?tfaé‘ﬁlnsﬂ?é?t“&m BEalHIPIYe€l: [ 0036] Thereafter, a
protective coating (i.e., a thermal barrier coating, an environnental

barrier coating, a vvear resistant coating, etc.) may be applied to the
conponent , [0086]desi r eTherddfesca quatectigs caitihgt fie.,metthadsl fatriappdayingg asane ar e
wel | known and may, i ncl ude ni ckel or cobalt al um nides, Y ov rlay

coat i ngs, we:ronmmal bagrigr spainged WA PFIFIAR] WRUpE. Rled Ry bw@fﬁf@ﬁp ghe pvorF,
el ectron bg Q%ch@éshgéf aﬁ%reséjé&a‘?@gé hf?&' t}(eE;%E"l{th fc?rt ))hf?g%he Iﬂ:eweﬁfmonem S
| re y e

that are re odiments o I's Inventlon conpri se any
sui tabl e nhmkxei aribmey isupdr aickelys abdlt atundnidas,tMOaAR osenieyr edatiays etc. These
superal | oys may conprise.single crystal materials, directi ﬁnal ly solidified

mat er i al s, Aoty APPEEhPY [difEusion Bracssss. 4Meh-drP o by HEt Flseion Peame physi¢ad038] The

mechani caI sgcrepaired and/or reclassified conponents can
be equi val 5 tP?%;otS{tl%ﬁ Eggmégw val ent to, those of the original conponent.

However, the nechanical properties nay vary depending upon the volune
fractlon of the material that is replaced, the specific alloy of the
conponent , [008He conpbBs comRoRants Het pEsTeRaissrehy erthodimaris of ﬁ@s HBYNLER eat ment

used, the H% Ia&ng&:egny glﬁta@fépﬁl}fkélmﬁséﬁaéu?%faﬁbys Sid7or cobalt-based superalloys.

These superalloys may comprise single crystal materials, directionally solidified

materials, polycrystalline materials and/or combinations thereof.

[0038] The mechanical properties of these repaired and/or reclassified
components can be equivalent to, or nearly equivalent to, those of the original
component. However, the mechanical properties may vary depending upon the
volume fraction of the material that is replaced, the specific alloy of the component,
the composition of the replacement material, the heat treatment used, the method used

to apply the material, etc.
EXAMPLE ONE

[0039] In an exemplary embodiment, a single continuous thermal spray
process was utilized to deposit a material of this invention onto a cobalt-based
substrate. The material comprised about 20 weight percent of a low melting point
alloy and about 80 weight percent of a cobalt base material that is compatible with the
cobalt-based substrate material. The cobalt base material had a nominal composition

of about 23.4 weight percent Cr, about 10 weight percent Ni, about 7 weight percent
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EXAMPLE ONE [0039] In an exenpl ary enbodi nent, a single continuous thernal
spray process was utilized to deposit a material of this invention onto a
cobal t-based substrate. The material conprised about 20 wei ght percent of a
|l ow nel ting point alloy and about 80 wei ght percent of a cobalt base
material that is conpatible with the cobalt-based substrate material. The
cobalt base material had a nom nal conpqgsition of about 23.4 melght per cent

Cr, about Yo aReRighd ywegberercrpt Tambgnt Zaewaaht PEFEE Nkl aQaut\Q-43Bsight 3. 5

i ght t er cent
gfigabogff%§§§t§?z¢%998§9§g%§ug§hgﬁ%cg out gti%g |%ﬂ§wg§§€g§$h%%}a%ﬁe | ow
mel ting pomattmglplomt aliag had naronmiakl @mip@@ﬁﬂohldﬁraboﬁt BbweuighPderoentgbrt, apartcent Cr,

about 40 weig percent N, about 95 wei q{lt per cent B,Bgnd about 33
vei ght per%wplg@bpercmmﬁps wto?c%%svewagp%@a Gnd 2Bapted aWegat PRIgEH Ut 0. 075

I nches th| I W o pray
par anmet ers Qéﬁg;ﬁse .Qggﬁgﬁ%?g?% ett?%hﬁgéﬁnn ﬁﬂagﬁghﬁgf%hargﬁ%gfrler gas
Ar gon Secobadad yutgaste Hdhie fobldwingaliermarl m@upafarﬂems@aaemﬁd 250 psi  Powder
Hopper #1 - 150 psi Powder Hopper #2 - 150 psi Secondary pressure Arc Gas

42 - 225 psi Chanber Pressure (spray) 35-40 ton Current 1600 anps Vol tage

55 volts = T IS RPMTHZT L AR RPMT ] g
Gun EPI Plasma
Primary/carrier gas Argon
Secondary gas Helium
Primary pressure Arc Gas #1 — 250 psi
Powder Hopper #1 — 150 psi
Powder Hopper #2 — 150 psi
Secondary pressure Arc Gas #2 — 225 psi
Chamber Pressure (spray) 35-40 torr
Current 1600 amps
Voltage 55 volts
Power 88 Kw
Feeder RPM #1 - 1.32 RPM
#2 — 1.28 RPM
Powder feedrate #1 — 6 lbs/hr
#2 — 6 lbs/hr
Total — 12 lbs/hr
Stand off/Gun height 13 inches
Spray temperature 1500°F (816°C)
Substrate temperature 1500°F (816°C)
Cycles 64 cycles/pattern
Thickness 0.075 +/- 0.010
Gun speed 36 in/min
[0040] After the materials were deposited on this cobalt-based substrate, the

coated substrate was heat treated at a temperature of about 2100°F (1149°C) for about
6 hours to densify the coating and create a diffusion bond between the deposited
materials and the underlying component. Thereafter, standard inspection techniques
(i.e., visual inspection, fluorescent penetrant inspection, etc.) were used to ensure
there were no defects remaining and the component was acceptable for use.
Additionally, metallography was used to verify that this component had been

acceptably repaired.
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Powder feedrate #1 - 6 Ibs/hr #2 - 6 I bs/hr Total - 12 Ibs/hr Stand

of f/ Gun height 13 inches Spray tenperature 1500F (816C) Substrate
tenperature 1500F (816C) Cycles 64 cycles/pattern Thickness 0.075 +/-
0.010 @un speed 36 in/mn [00401 After the materials were deposited on this
cobal t - based substrate, the coated substrate was heat treated at a
tenperature of about 2100F (1149C) for about 6 hours to densify the coating
and create a diffusion bond between the deposited materials and the

under | yi ng conponent. Thereafter, iaspection techniques (i.e.,

vi sual inspection, fluorescent pe@gé\sﬁﬂfé?%(gecti on, etc.) were used to
ensure there were no defects renmaining and the conponent was acceptable for

use. Additionally, netallography was used to verify that this conponent had
been accel04Hl y r ephianother exem embyyiment Gusingle rconnmdvs rtheahppray y

enbodi nent, a single.continuous.thermal. s . .process s . utiljzed,to
deposit o MEEes %P Biligs o' dRogss  dnelBiieloBt, Bip JRurtigneallo s ke BFEd The
material cqmpirdtsednababteridiOcomeprafatl BEHIC EMtveht detRit FEL LbWIANB@WE tpoird! | 0y and
about 90 wei ght percent of a nickel base material that is conpatible with

the ni ckelldyzad@bguif weight pracent pha nickpldast ietariabtigbisrmempetible withdtha noni nal
conposition f about 9 wei ght . percen about .10 wei ght .percent. Co, about
12 e ght BEFSRATAR SIS e oh rasel bish Rt A5 ATEUY REBREOBer cont
Ti, about gf dﬁ%b@"{ve%f $&Bént Ay, abo%P‘P@'twe%h@ﬁgrc%'@]tabcﬂﬁrlQG‘vUéi%lﬁ?e?&ﬁPW,1- 65
wei ght percent Hf, about 0.014 weight TPpercent C  and abou 9 wei ght
per cent Ni aboiihé weaght petaenhgbD, mbowt|2 weightapereent Ti, about 5 weight percent Al,

about 0.015 weight percent B, about 1.65 weight percent Hf, about 0.014 weight

percent C, and about 59 weight percent Ni. The low melting point alloy had a

nominal composition of about 9 weight percent Cr, about 8 weight percent Co, about

4 weight percent W, about 2 weight percent Al, about 3 weight percent B, about 1

weight percent Hf, and about 73 weight percent Ni. A LPPS process was used to

create a coating about 0.045 inches thick on the nickel-based substrate. The following

thermal spray parameters were used.

Parameter Setting
Gun EP] Plasma
Primary/carrier gas Argon
Secondary gas Helium
Primary pressure Arc Gas #1 — 250 psi
Powder Hopper #1 — 150 psi
Powder Hopper #2 — 150 psi
Secondary pressure Arc Gas #2 — 225 psi
Current 1550 amps
Voltage 56 volts
Power 87 Kw
Feeder RPM #1 — 1.26 RPM
#2-1.29 RPM
Powder feedrate #1 - 6.1 Ibs/hr
#2 — 6.1 lbs/hr
Total — 12.2 Ibs/hr
Stand off/Gun height 13 inches
Spray temperature 1500°F (816°C)
Substrate temperature 1500°F (816°C)
Cycles 5 passes




nom nal conposition of about 9 weight percent C, about 8 weight percent Co,
about 4 weight percent W about 2 weight percent A, about 3 weight percent
B, about 1 weight percent Hf, and about 73 wei ght percent Ni. A LPPS
process was used to create a coating about 0.045 inches thick on the

ni ckel - based substrate. The following thermal spray paraneters were used.
Paranmeter _Setting Gun EPl Plaspna Pri ry/carrier gas Argon Secondatry gas
Hel i um Prj Beiekness essure Arc Gas #1 - 25094  Powder Hopper #1 - 150] psi
Powder Hop@enspted- 150 psi  Secondary priésisimie Are Gas #2 - 225 psi_QCurrent
1550 anps Vol tage 56 volts Power 87 Kw Feeder RPM #1 - 1.26 RPM #2-1. 29
RPM Powder feedrate #1 - | bs/hr #2 - 6.1 | bs/hr. Total - | bs/ hr
Stand of f /B0#2lhei ght After Fhﬁdﬁé@r@ B rVesf etdéﬂ?fétP‘étOE}rt@SfB@l?ﬂib@%@fG@PStr%Bb@Frate

tenper at ur & ka00F B3R nedt¥ehR aPa PASRERukD HBLROIBESF ProB48C) fiSouted 36

in/ mn

4 hours to densify the coating and create a diffusion bond between the deposited
materials and the underlying component. Thereafter, standard inspection techniques
(i.e., visual inspection, fluorescent penetrant inspection, etc.) were used to ensure
there were no defects remaining and the component was acceptable for use.
Additionally, metallography was used to verify that this component had been

acceptably repaired.

[0043] This invention can be used to repair/reclassify many aero and/or land
based gas turbine engine components, such as, but not limited to, high pressure
turbine vanes, low pressure turbine vanes, low pressure turbine blades, blade outer air
seals, transition ducts, combustion liners, seal supports, buckets, cast cases, fuel
nozzles, combustor cases, combustor shingles, and any other cast superalloy
components that can be exposed to the necessary heat treatment without the base

metal mechanical properties experiencing unacceptable degradation.

[0044] As described above, this invention provides methods and materials for
repairing and/or restoring/reclassifying various components. Advantageously, this
invention allows eroded areas to be restored to original dimensions, and also allows
surface defects to be repaired simultaneously therewith. Additionally, if a previously
repaired/reclassified component needs additional repair/reclassification, the materials
of this invention can be applied to the previously-applied materials, instead of to the
base metal of the component as previously described above. Many other

embodiments and advantages will be apparent to those skilled in the relevant art.

[0045] Various embodiments of this invention have been described in
fulfillment of the various needs that the invention meets. It should be recognized that

these embodiments are merely illustrative of the principles of various embodiments of
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[0042] After the materials were deposited on this nickel-based substrate,
the coated substrate was heat treated at a tenperature of about 2200F
(1204C) for about 4 hours to density the coating and create a diffusion
bond between the deposited materials and the underlying conponent.
Thereafter, standard inspection techniques (i.e., visual inspection,
fluorescent penetrant inspection, etc.) were used to ensure there were no
def ect's rethgi PrichRilt aRHCHLINE. c GYHIBFTEWR 1IGasierpand | adapgtions shereddwill ibgnal | v,
met al | ogr aphy. [ [ tably
repaired. _i@%%?%%ﬁﬁggf%@%%?ég%xggg%%ghggﬁg%?gggggg%?g}e%%gggPPésﬁgﬁy aero
and/ or | angresdh@sgebrfios. t Esrbéxaenp)OvRiG: GRnReesenhs/or seliksHRatibiiof d@birdel M t ed
to, high pressure turbine vanes, |ow pressure turbine vanes, |ow pressure
turbi ne bl uees, was deseribert Berey) ithissasgndiontay dietused teluepar maptRibern &3 | i ners,
seal supports.  bucket ast. cases.. fuel nozzle combust or S

conbust or éuﬁl?lﬁaleégl,n%a(?\ddn é;or?f}ltgt ﬁ‘é& dé}éesrtcosm Lppoél?rgf'l o?huscdﬂ‘gsor%lnet r%dse S?tﬁgtt th(:ean be
exposed t opfchént iee@isarcyviied! shitadad Aoaificwlidiioind FarRtibasss cithé alithivealeani cal
properties experiencing unacceptabl e degradation. [0044] As described above,
thi s i nvensqopp opthsvapdendegelsimg end Hheirrrgupialeatss for repairi ng and/ or
restoring/recl assi fying various conponents. Advantageously, this invention
all ows eroded areas to be restored to original dinensions, and al so al |l ows
surface defects to be repaired simultaneously therewith. Additionally, if a
previously repaired/reclassified conponent needs additional
repair/reclassification, the materials of this invention can be applied to
the previously-applied materials, instead of to the base netal of the
conponent as previously described above. Many ot her enbodi nents and
advantages w || be apparent to those skilled in the relevant art. [0045]
Various enbodi ments of this invention have been described in fulfillnment of
the various needs that the invention neets. It should be recogni zed t hat

t hese enbodinments are nerely illustrative of the principles of various
enbodi ments of 14 the present invention. Nunerous nodifications and

adapt ations thereof will be
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apparent to those skilled in the art wi thout departing fromthe spirit and
scope of the present invention. For exanple, while the repair and/or
reclassification of turbine vanes was described herein, this invention nmay
be used to repair nmany other gas turbine engine conponents, and ot her
conmponents. Thus, it is intended that the present invention cover all
suitabl e nodifications and variations as cone within the scope of the
appended cl ainms and their equivalents. 15 Wiat is clained is: 1. A nethod of
repai ri ng swhitacdaidetieets and repl acing material on a nickel-based netallic
article, conprising: depositing a first material on a predeterm ned area of
the netallic article, the conposition of the first material conprising
about 30- 50 wei gl RRIICEYe +i9¥1\% TGl de Y fecROAAL regllak'ﬁgran%tm ot 4 RicRlYdbedd0- 70
wei ght percent base mat eri B ; depositing a sec nd Taterial over the first
mat eri al , trhaalbonpiok tomoprisig:t he second material conprising about 5-18.9
wei ght percent |ow el ti poi nt. alloy mxed.with ahout 81.1-95 wei,ght

por cont " base. racBme &t @aiial s NGO, sy 7 B¢ et ket

t enper at ur gofrPbsifloP o AR Bk fekial AdPRIPAking Fabbhit®0-58 -wel,; ?E?éehp%v@fm&t'i im 1,
wherein the gfrﬁedet erm ned tenperature isgabout 1093- %lg 0 C. and theI%I
predet er ni rientalleemixedayigabont 3670 vgieht pecenthase matdisd of claim 1, wherein
the first materi i . i . i gr aded
[ayer . wherei n (heo Rkt o RERABAaLREF et e RO SR D of o M
conposi ti ormaéridl endprisiag dbetiesiidl9 asige pesedtilow insiting Polint ddegimiked avith t hen
the conposition of the graded |ayer varies to becone simlar to the

conposi ti orbaft §lped3 ?é@égﬁerwé?ﬁedl’atﬁéal;tﬁé graded | ayer continues to be
deposited. 4. Angt - of qrepnatii ng A Sirlaf | ac) rial
on a cobal t-basé1 ?rg%gllgl }hg Q?Heciﬂe?%é%érrprl érﬁggt:%&hgrég{s??tfpﬁg Qg??%g?ﬁér?gt eri al
on a predetamaunnefdiag.ea of the netallic article, the

2. The method of claim 1, wherein the predetermined temperature is about 1093-

1260° C. and the predetermined time is about 4-20 hours.

3. The method of claim 1, wherein the first material and the second material are
deposited as a single graded layer, wherein the composition of the graded layer is similar
to die composition of the first material as deposition initially begins, and then the
composition of the graded layer varies to become similar to the composition of the

second material as the graded layer continues to be deposited.

4. A method of repairing surface defects and replacing material on a cobalt-based
metallic article, comprising:

depositing a first material on a predetermined area of the metallic article, the
composition of the first material comprising about 40-50 weight percent low melting
point alloy mixed with about 50-60 weight percent base material;

depositing a second material over the first material, the composition of the second
material comprising about 15-30 weight percent low melting point alloy mixed with
about 70-85 weight percent base material; and

heat treating the article at a predetermined temperature for a predetermined

amount of time.
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conposition of the first material conprising about 40-50 wei ght percent | ow
nmelting point alloy mxed with about 50-60 wei ght percent base material;
depositing a second material over the first material, the conposition of the
second material conprising about 15-30 wei ght percent |ow nelting point
alloy mxed with about 70-85 wei ght percent base material; and heat
treating the article at a predeterm ned tenperature for a predeterm ned
anount of tine. 16 5. The nmethod of claim4, wherein the predeterm ned
tenperaturé.is dhouneti@Daf claihp @, @Ghesnird thehgregaterchanedr temperxituré neabait 4093+ 4- 20
hours. 6. T thqd of c¢laim4, .wherein t first material and the second
mat eri al arlggoﬁpa(? iﬂﬂee‘?fe‘zeéerﬁlI%qdrﬂj?%lsﬁg%‘ﬁéldghewésr, wherein the conposition of
the graded layer is simlar to the conposition of the first nmaterial as

deposition initially begins, and then the_ conposition of the graded |ayer
varies to becomdhsimsthed of glaimd, vdweprdsitha Bist sratarigk and gheospgondh matarial ags t he

graded | ayed’epgs?t@(tl iapggi%gfeogrp(fedq%%?,s\m&éln tfile7composition of the graded layer is similar
to the composition of the first material as deposition initially begins, and then the
composition of the graded layer varies to become similar to the composition of the

second material as the graded layer continues to be deposited.
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