REPAI R AND RECLASSI FI CATI ON OF SUPER- ALLOY COMPONENTS 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 danmaged turbine
engi ne conponents. BACKGROUND OF THE | NVENTI'ON [ 0002] Gas turbine engi nes
have | ong been used to propel aircraft, generate electric power, and punp
fluids, etc. The turbine sections of such engines conprise alternating rows

of static vangsaRdaKpl #hDASBIALOSFIONER SUIANEA BOICOMIORENTE rect — the

gas flow fromone row of rotating turbine blades to the next, thereby
optim zing the amount of work that is extracted fromthe turbine section. A
nozzle area is defined by the spaci ng between adjacent vanes, and is
typically assigned a classification nunber corresponding to the volunetric
gas flow TREEDIASTEE INVENEIQNough. [0003] During operation, abrasives and
corrosives in the hot gas flow inpinge upon the turbine vanes, causing them
to deteriorate, erode or becone otherw se damaged. Furthernore, the hot gas
f1 ow caus¢eondi st ort iThe présenhénventias relaths generalh &r gebint leegnes,zdnd mpea and
dimnishes the efficiency of the turhine. Therefore, during.periodic engine
over haul s SP% Yt i HhenEPoE -y e S?‘H%@& %'SWPB} Obﬁk?gﬁag?f[ turggﬁaa’@"}fnd are
eval uat ed LR o588 M ne the change in the flow area or nozzle classification
that has occurred. Generally, these vanes nust either be replaced, or
damaged areas nust be repaired and eroded material nust be replaced to

recl assif I? (91%‘ be returned to service in an engine.
[ 0004] V\V]I)é%é ﬁg:bgﬂgﬁe Wrﬁ@net hods for repairing and/or
recl assi fying conponents such as turbine vanes, they all have their
drawbacks. Therefore, it would 1 be desirable to have inproved nethods for
repai ring [603] or Geslterbisief gngigessheve langnprsmensed. to prapslilarceals geperatfesi r abl e
to have n%ie@&%spgvgerr, P 8\'1&}'3 Qﬁuc%?g ¢2"The turbine sections of such engines comprise
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 may be utilized to
repair and/or reclassify various conponents, such as but not limted to,

gas turbinpe engine co onents 00 odi nent s i.n tion conprise
met hods {8 SOTGE G B raptived manod ek s, Afet defimstVil 5o hey
conpri se: chinpbitatsret @l wbwld adlbd Heedesti@abRer ios @aved nivtedd3! fdrasspdiringt aid/ad |

appl ying a nlckel based material conprising about  5-18.9 weight percent | ow

mel ting paeakassifying sPciReseRNSNtS SRAt e odissiscde uprepsirgleght  per cent
ni ckel - based base material on a predeterm ned area of the netallic article
to build up the predetermned area; if the netallic article conprises a

cobal t - baseiMMPAR EIORTHEAPDPIFNTIONM cobal t - based material conprising about
15-30 wei ght 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

metal lic jsgl e toqhuil g e ki oftr €QstiARd {Oedt Lip@t i ng the
article aﬁé(gisgredet glrmr%’l negvplééﬁgﬁg{i u(r;g&?‘{qﬁ}alagg out 103% 1260C) for a
pr edet er niraéd;sﬁymgnhetbc’)dst almda n(atermls aa:bmwrco&netbymbmi)memhﬁdhmﬂ@nits may

further co ri.ser coatin oxi des, or cont gm nant n t e
metallic P%‘P e""g‘r‘ @Sd JEPIQVAE ToRAIT nfndd) I ?Fi Y&t Bietpds o

cobal t - ba%?ﬂerf@st er fis Hﬂ/eﬁtlfk% B el LGl ’td:lrgpaer Qﬁ%r NRERSIE, %Moﬁs“rt her
conprise applying a protective coating to the netallic article, at |east

parti al | y compendntyy sgdheasnbutkmit libnied do,rgas Brbiat engin¢ bempaisalst - based materi al
after the heat treating step. [00071 The ni ckel - based base material and/or
the cobal t-based base material nay conprise a conposition simlar to that

of the netgdde)c artlﬁﬁ&dlﬁaﬁslmwhﬂdeﬁgon Q@h@hs@lrﬁ&ﬁbddoa&eeuﬁdlhgyupand/ or
the | ow msltlng poi nt cobal t-based alloy may also 2 conprise a conposition

si milar taenatérial ovfa trietalheedicld. c Thesei oetbodrumay sompise:aif dhe netatli@asicle
comprises a nickel-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. [0008] The netallic article
may conpri se 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 engine conponent, such as, but not limted to, a high pressure
turbine vane, a |ow pressure turbine vane, a Iom/pressure tur bi ne bl ade, a

cuppor . 2oBiReS COyprifer HRERY o R AL oD FORRUR LRt i hpufhy 195

support, Ful or case, and/or a

conbust or vadigii@lereen| SROAEItIB DO ﬂe;m:&aﬁxf this invention also conprise
nmet hods of repairing surface defects and replacing material on a

ni ckel -based netallic article. These nmethods nay conprise: depositing a

first matgps on a -8 e t rticle,
t he corrpoglb?(lﬁﬂn of t eq‘ﬁ:&%@tc matéejrl g%amghs Qf]én“gﬂégibo‘ﬁ?&?g%% at\m ght percent
| ow el ti ngdfepi ¢tdbahitasyd mupadlloy,t iwhaheluta 5ﬁ}g7€0 ortahullper aedirectioasley

mat eri al ; depasiting a second mat e{J al _over_the fhrst terl al, the

conposi ti éﬁh‘é‘ﬁed eHeY-sadlie pelyerstalling gy sihegmetstigtartcleanay GRINRIE der cent
low nel ting iy coﬂ%&%ﬁt Wyt a@b&tho@lmﬁte%a Ve 192’1;1 X?&*sﬁx%%rﬂ?ﬁée

mat eri al ; ang heat treati é article at a eter ed tenperature for
a predet ervangyedoanrasstireoturtinereane] @ﬂ)ds@]ar@ﬂmmrbmnt&ad@fabmds outevemtseadn al so

conprise nmethods of repairin S rfacedfects IaC|n mat e on a
cobal t - badeliatrifon iy rctofrthugtlonrriggrea e ﬁ‘&ﬂi’?“n&;}"@%ﬁgﬁ st %@p&sf”f’fng a
first matehak, zpébn%tgf&qgeeglm/gpgcﬁﬁﬁgt&fshﬁglecobal t-based netallic article,
the conmposition of the first material conprising about 40-50 wei ght percent

|l ow nel ting point alloy m xed with about 50-60 wei ght percent base

mat eri al ; S|t|n s cond erial _over.the fir t he

conposi ti ({ﬂ&@f the eWﬁtQTlth 15 SR §1Sﬂg°°33’(ﬂ§f’ nl]g% gs \Rgﬁeﬁﬁl Wer cent
l'ow el ti ngrRQd H&fe@t's'zﬁﬁd raplacheh matéﬁa@taﬁua nlékeBBadtRi MblaliReHARY. DASE
material; and heat treating the article at a predeterm ned tenperature for

a predet ermétheds map ompstsey deposit@g] @G’m&t] mtesial onsa predetaringiedagrga thea second
materi al ni éi(ep-gaseg mstalth%darfa ﬁe th%'c%%posmon 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.
DESCRIPT! i, THE SR DGERa k88 d0R8h IR cFiaPhnab B Sebdlfi8H b 2Rl

escri bed*herein bel'oww't reference 1O various figures, wherel i ke
char act er grafed r Bafyer;, ewherethe sShgrehepokitive painhs gradedolgleouis sineladr awithregs, i n
whi ch: [0014] Figure 1 is_ a schematic draw ng .show ng an enbodi menﬁ of this
i nvent i on CQEPPSILOMmfy thg {ipte maj 25 Sspositiqre inigially | Beginse mandy dhegiythg 0o 15
Figure 2 i : | .C ' i : i : [

i nventi oncé?]?ﬁcig?ﬁg? gﬂen%rg ? m@grr %@é{)yatie%le?g@ﬁ gg@ﬂ%ﬁggﬁ !Ie gﬁ& 9%?8%&31}% [ 0016]
Fi gure 3 isscondmiériuhias thegrraded Isysewontinueh e bndepositeint 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?omﬁfe e A HENgRaiff o tﬂfssin%é?ﬁ’lgf?Wi@'Ee%ﬁpérlclll%ttﬁ@éeesﬂilleﬁ in eGURES 1-3
and specific Fanguage used to describe the sane. The term nology used

her ei n i s aftalurinp¢hgroupesd tid follewang gescrptjonnot |imitation. 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 t pHpRFAPYSON GFIHYDRASVRIGSENt 1 nvention. 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 norpmlly occ to.one skill.ed in the art, are.considered to,be within
the spiri tO0R scopdmtsimians PR iy e as Srrgibgd Jtin Brilg Wi

reference to various figures, wherein like characters of reference designate like parts

throughout the drawings, in which:

[0014] Figure 1 is 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.
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[00181 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 rements. Prior to restoring dinensions to a conponent, surface defects

may al so bg rep odi ne e Thi s i tion
creates rdBl: a&%QFWEh°%8%%§H@ﬂ qh%&?%w&g gnﬁgétﬁlsopﬁg%ﬁgiﬁ§d@§% i dified
structure fh\@h/dr @ phtdtion®of ey priesplandf éhehngdfhtfoﬁ asElltsttgepRerainy ae wonD19] Many

sui tabl e conponents can be refurbished, repaired or restored by . enpodi nents
of this i meantlsoaccuEde oagsied, intthe Brtn areyeansiiersdetoobs Bithin glteofmnéharbir

di mensi on pgrating conditions to which they
are subjggﬁ%ﬁﬁm@uc ggggg%&3%9€ g?@% surfaces can be refurbished or
restored with enbodi nents of thls i nvention, thereby restoring critical gas

pat h di nensi ons to these conponents therm)re urface def ectfs may be
repai red 40081t aneoddns nveREQFEHes (09‘2’8]0 Béﬂ‘érr’éat? S It PRIENG SYF a‘Ee'ni s

I nvention d%?e@gt@ea&m:ﬁ dniBr Fesk &%&ﬁ%}monsg%cyc pé‘netn%”( é r}@dy%gg‘élg

coatings, OXI tanlnant e conponent may ‘first n

renoved. Coaiponnt), sudlvasl a gasytutiénaapimpdongioadnti rErabodimants albthes inventner |, s uch
as, but not l.imted %g rlt(HJastlng chi ni beltlng Wt h abra5|ves
cheni cal ﬂ?V‘%Fﬂﬁml Uil &P ) K T rodid) B Ao tBRANCPT DcBEL RIECISSt ¢ .

ei ther al qf er%'ioqal &nﬁor'ﬁgﬂaﬁﬁltgii&'i‘ rea_l.n?e"n%tst erPnotrht% ﬁe'dfofrﬁ%edl?({en&eﬁs G® ngponent to

be repaire I nc ng crac s, may be cl eaned of “resi dual oxides,
debri s, orcgmponemmnrﬁam defietts ,maeytaiso beTtepaired wamemy)odmyenbssofétb(sonpéntmhed in any

suitable ner, suc byt not Limted vacuum and/ or en heat
rentine. THO Shieaitts s, dtbust Grnseh crthopt s Name ayiotie rgemabe ng u t
aqueous 0rsof?&ﬁ@&“s@ué@e‘h%ﬁ%%,ml‘ﬁhﬁal beril@02d]a Iﬁ@??e Pn'éﬁ t&ﬁﬂ&%@tﬁl?@t 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 HVGR‘OMS'[ em I\'ﬁlarlyoéllvmp l:)f%scsolrjnrpeoné)rllt‘éi%anrpiSl be Perfﬁ%ished, 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 appl yi ng a material 40 conprising a |ow melting
point alloy and a base material. t he corrponent 20 is made of a

ni ckel - teri t e aQQHII; i ght

per cent ofs[ 92]Irp(s)lw nefﬁt)lcr?gﬁ%m nt 6{1?’03?&12% ig)(t}lti%%%&lths Oé%?tl% Zrt(‘:%nt of a
base mat erpoajnonerhtfon ®atiogpatanplseitatle ﬂughhelerg}ckwtmgaayetdmuér ag|bubfnot he

t If th t 20 i f lt-b d t |, th
matori al WOShiP: cofigh SO B! SHVALI GHEte Rl PoBit PSR RGPy pot ni
al l oy and @bpgj sysffn8an W Eﬂ&m@%?ﬁﬂ%AM) &shas e UBldesiray syfiah, efe. cappati bl e

with the cobalt-based materi al e coriponent 20. Theseé non-traditional
bl ends of emitodimeits HGORauay berdediredi hgharse hiace predunei caktingsnthetnars nedrgn used in

existing r and/ or reclassjficatj nmet ich,t i.c N nly

Pre ude. upl g deB tpd STenD erbint REubat HR b Ak tRdf dipin

ni ckel - basggd efmta@afealﬁ,ofaa%n%nkﬁt APRY bé@uma@ntupasrd@g%d &iﬁﬁ:ﬁsmﬂﬁﬁ}er i al
when repairing cobalt-based materials. [0022] \WWen repairing/restoring sone

exenpl ary applyieg amwld@m@mm a lmhhnwltmtmnmtaallownﬁlwbmmtmaé dbout 18.9

mat orial - P CoPRBRLabot PRIREL L vl ShePdpmaly e firetul i Ak BEREEY" 1 0°°

wei ght pergett 5118W weight pércoifti dtta RIW Biltaptpcioalloyhdnedoln 8 1. lp@.‘r Weiglht base
material, In yet other enbodiments, this material 40 rmay conprise about 5

wei ght perrsessnt bbw base tnilaigiqddhﬁt is zlompati b widlh s n@kelvmsgmnq&@'raé@rﬁtth%ase
I N nb d
?Z‘ltogi”rf‘ng / ogﬁq%ﬁﬁ Uz@ Olg ﬁﬁe con o f%"is Q@et %g ggo&ﬂ Saié&’ha%tetr{a?qg%h«a}’é’?ﬁ[‘

cofrponent s I'S nmateri al
40 may comaormayacaxhgﬁge aibumsgbtwaglﬁtc@ment ofha 1@V melgndpoint akkdy ad svvdt about
70 weight percent base material. In other embodinents, this material 40 may

conpri se a weighfeiegeent (9 rac base materikthet iy compafibla wighy thengobmlichased’s wei ght

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

6



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 otherw se be nmade satisfactorily with existing

repair/reclassjficatia th a ; i al T i .40 osited
| ehi s obant wise Bt T Y dher o BRI i Smat AL IR BBt CatEP ™' Lo
cont ai n f eseweiphit perdedit o hidiing pdiMalyiagt iabout d5epeipht petednd dadel matatialon
materials. [0025] In addition to restorjing dinensions to a conponent,
embodi mentNuragrous efher ¢madimerts g At RASEBIG sur f ace defects, such as cracks
53, to be repaired. In such enbodinments, as shown in Figure 2, where the
conponent 20 is made of a nickel- based material, a first material 30
conpri si ndoebtjut 30-Bfikrevairg hharpye bemafits abscaiatalvwithe usinggsyshi athigh Ibaye m xed

wi th about 50-70 wei ght percent of a e nateri that. is . conpatible with
the. i ckelmHERUFOEREM WEh GRS CorBbTIENEIch Sy A oler B & ot ot he
conponent g, iy &gis}e%m@qe%ﬁﬁga&oﬂglﬁm? l@hsﬁwg PRI H 8Ticat nendd- 9

wei ght percent o ow nelting point alloy and about 81.1-95 wei ght
per cent ofand hasgals.nithermaterialaal) depositadpiatthisl ievenition arbdully demse; haseal

material qf the conmponent 20 can pe deposited on top .Qf the first material
0. Nurrer QS FemeBnomRsrars B soneh Tt brdle' Phudes  fins sektng

enbodi ”Entrépaiﬁ&cﬁ@é?ﬁ?‘atfoﬂrﬂtgﬁ'a{lﬁ 2, where the conmponent 20 is made 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 erial that.l.s co tible with the cobalt-pased material of the
conponent 9%dan be i‘H%@dé?’i g‘ﬂg%ﬁmflﬁe(ﬁr%%%etﬂta SYPHTEL 5 og}‘?e.sggcond
material 4QisGAvaHibA G AR urfabe-dBGcnekadt asP@ha&N3, @ be repilvel®Thisiéh poi nt

al l oy and about 70-85 weight percent of a base material that is conpatible
with the cobwdim¢rises shaweringfigefe 2, wheso throeumponzot 2¢ an nsde ddposickdd on t op

of the fi rbsatse(frr%ta{aeg'iiaﬁla i?fpst m[\:!lltlg'learl %ldsco%pr}l%{nge%%ggag%t v%ei%fx@ 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 is 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
continuously graded layers, if desired. This invention is advantageous
because it[00R7]ves a Stidl sefertlagseFigate?,ithe ik andvkdcohd heeserialy 20, a80irasyt ke hi gh

anmount of a low nelting point allaqy,, .intq the crack cavjties ior to
heat tr_eatdr?EWclt,ed\}\ﬂ‘\E‘reéaﬂe nangpf¢scy "_lhoéi?lg(Ht %rmﬁtlonéﬂﬁh?‘b %"ﬁggéapi Il ary
action i ntLq>ﬂ§J?\1ilsg<eglfd0{pré§J%_t&)t aﬁll%n%{fd'irﬂ&lt?,ﬁﬁ% fitdi GAl ¥BSYnd mALRALs 384N of the

second materi a his 1 nvention, whic as a smaller amount of the | ow
mel ti ng pahayt balémgitedhesiseptatate layprscial dng oghtiewous rsprayrecast. tHhwoveyendke (i . e.

th f 55), d vy | ide d it at the. f
57" Ext ot if LS RAeTA yOoA TP SRR T PG R LSRR Fadke and
then i sot hetndd | ¥he SHefids 20! @@o?ﬂfédh%ﬂgerﬂﬁﬁtmﬁ}r £33 B8BEposd &dlcdrinli&dy

desirabl e than the techniques o S inverition because, W th existing
t echni quesgraded lagerd, fffdesméd. fIhibaivanican ishadvantagenusdfecauseqtiddivesedsty to ful |y

heal the rpot of th racks without. prqodycin crostructure Vi ng
excessi ve ‘%8?‘? Hl_é?ﬂﬁ_ﬁ%@ ‘?ﬁléﬁglﬁ? Pésé%%‘ay @Pg‘&faﬁ [% Z‘éfleﬁ}?ge?f%td?qﬁ’é'nt s such
as those shEWheickackic@viiRs 33 pMdeh& htdiaratnRWhdre 23 well PBfoRid 8 melt

ni ckel -based nmaterial, the first material 30 may congrg se about 50 weight

per cent | cwdnBowi vig ewillary adctioy iated thebaeat &0 thee crgk heat bisepsmenit er i al |,

and the second.material 40 may .c rrse. about 18.9 i gh rcen ow

mel ting pdﬁ*ﬁlcaté?q 8§{h§ﬁ8°%ow%§31?{d)ﬁ£ﬁjéﬁﬂnvglé{%oél e m&l%l\ggaesgan%qlg&elra .Ogjln?n ot her
enbodi mentq¥ i RWEMERIRE poRIANGE HearkBle itypidiligayviaér ehtraheéket thbaser (Mtrat al , the
first material 30 may conprise about 40 wei ght percent |ow nelting point

al | oy and th®eurfag0s e prytucese s slense, Hew doridatdeppsit at Hiedsurfiee SdeoRyistieg eri al 40
ey conpr itgcﬁm‘?q%%lsj tre1]yO o\ﬂeii%h Reh© g\;[vinlgo}lt\{to such cracks and then isothermally

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 low nelting point alloy and about 95
wei ght percent base material . Nunerous ot her enbodi nents are al so possible.

20 15 maad G ekt MU pheE AT YRR BL NI BerctChBe iR R EOICC!

about 50 Nwh@biis cﬂﬁém@niﬁodﬁmmtﬁaietalmq@abm all 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 nmaterial.

I n ot her WI ment § b (R Rased

mat eri al , 1 first mat%(Blz)gn-lltléﬁgS SU%HQ?@%%%}}OE@I 1&1951%?(9948, \?\eltgﬁ?&}%ﬁe? cent | ow
mel ting pcﬁOnlts naddeqyf @ocbaltbiensed Giitevial,gthe fpermatatialbds maynmimgrrisalapodnid t he
second material 40 nay conprise ou ht. percent low nelting point
al l oy and %%utpe%nwewgrﬁ?ltlagpe@ﬁ? %%@2 %&P@‘?‘g?lgﬁi PETGR DTSRRI NN ment s
wher e t he (GOMIORLRacfAl 46 Iﬂsg%rr@hs@awﬁb@b wehas ggrc@ﬁtlsw fblting B6int Ay

material 30 nay conprise about 40 wei ght pertent |ow nelting point aIon and
about 60 andi ajjmlut pér ewerght txm@nmhaet imbteriaind It hethere embddimeengs ivdlered Gharay

conpri se about wei ght erce tin int al.l.oy and about 80

wei ght per‘°8@ﬂ?9n%§8 ﬁﬁ%@?io 2. R‘Ej g nﬁ%‘?ﬂe& goﬁﬁtdaf‘tﬁ’é‘ﬁltio TA¥ 8885 0ssi bl e.
100301 | n Bh&ked wRaHe heRBROMW R th 01ﬁthhlf0}‘ A MIuP BOt NEkhiCHRFREH $as 9r aded
| ayer, the material” being deposited initial'ly, near surface 55, nmay conprise
about 30- mQenwdj gint tlpﬁesmnd rodtenall 4Gvimeyl camprigsodtrout 251 wyight zoenstenm ol about

50-70 ht b teri t hat t. b|
ni ckel - WEI t"ﬁgp%?rf a?ll%f aﬁﬂe cs9§ ng”rﬁig%t b%elr%éltl éﬁglolggta i yeés {h

mat er | al Ce?rmoliﬂh'é?ﬁs WheRethdeRATohEM . 20 1s MRde SONOPAEDIsed rﬂa'ztéﬂ{al' theCRPOSI ti on
until, near the outer surface of the deposited material, at surface 57, it

conpri ses ratenial 36-m®, comprisgrabopied&waighbperaerit dow megltingipoipbiliay @id abpuand about

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. Nunmerous other
enbodi ments are also possible. [0031] In cobalt-based enbodi ments 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 nelting point alloy m xed with about 50-60 wei ght percent 9 of a base

materi al that, | nak | =b. i gl nponent
bei ng +epdt AasE FARARPHablsitohihilofenuf HeXobalk IR iRLRL of i Phorhftieh BD
conti nue theingwapairddn Tlxmpasitlid material continnesto bdrdemmusited, is mafyawatiode tohe
deposited material, at surface 57, it corrp(gtisies about 15- 3(? wei %ht per cent
of a | ow Y&t eResiiongntibnegh the Mgsisurfaes: efcthgdepesited dateipl Yrsudagase

mat eri al at, | ole_ W &b - : i t onponent
bei ng repg?fgék Eﬁ%f%%%@3§ﬁ§¢%gﬁkﬂﬁ?ﬁgﬁ?EhgggﬁﬁﬁggﬁqﬁﬁggﬁﬁPg&dﬁ%@%ﬁ] The
base mat er7i0a5s weight ipzedni nf tahbase i matenili that isayornpastbdd withathehcdblali-bassihposi ti on
of the conponent being restored. For, exangple, in enbodinents, if t ur bi ne
vane is bg&rﬁﬁnqqégtt f €GMPERTY b&&%r%{r@fi un?Fé?/uSCBt‘lf?ﬁrr F@bg@n}%‘ﬁaﬁf’-ﬁ?&ed
superallo¥o§9gg as Mar-M 509, an equi axed ni ckel -based superal |l 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 1480, tc. [003 . I ti int all tilized i
T PrverB ey e b9 ] POATESIoR B BTl S '
i ncl ude abgptofliidn &£ IBbAPbndE HeR! rebbred. P& bladghIOINémBIRIME®SaTta Such as

boron or silicon, therein. [0034] Once the surface def ects are repaired
and/ or t héutbinsdeaheaisehsingr wstordd, tthisphask mptetial may demprsed adéahelidiasads, t he

conponent can be heat trea o density the , coatin nd creat i ffusion
bond bet wilhPPRE HEpasi Va0 Al nictE- oS RE v R SRR bur f ng
heat treataent,ditddfostgR0osdI{deRled BicREL BHsed @OstFaltdyt Budhh@s Mar-M 200+Hf 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). In enbodi ments, the heat treatnent may conprise heating the

component iASTEoL AR B3P REbACIR IR ke IR, b B phhl

repai r ed/ iesingr QdtabRNMpRNAA t¢anse thes@eagiodent i acdeptadle tfadluse. rraslurelr to
ensure the conponent is acceptable for use Such |nspect| on. net hods nmay
i ncl ude, BRAPeEioB Aghods may Byluds, bujasy et limilsdde: viswal RAPREHA, SHRINSIONAL hect i on,

fIuorescen&?gggﬁ%hg?gﬁkﬂ§ﬁgehﬁgqns &ihﬂ%ﬂ% Ye&g [ 00361 Thereafter, a

protective arrier ng, an environnent al
barrier coating, a wear resistant coating, etc ) may be applied to the

conmponent, if desir These coatings and the nethods {or. applyi ng same are
wel | knoWPf3¢hd nayeﬁ’ﬁfﬂaﬁare I PEREA VT CRUBIG S o e SRR g ay
coatings, oflito énl?'cﬁtb ?ﬁ& &RRhE.eH wWidr Fhsfstansl 'cgﬁlr%g g&%flil%? ’[bgéég)?ilea— e HVOF,

el ectron beam physi ca vapor deposi tion The conponents
that are rcompoment ﬁyleﬂrdnbd’ll“msntcsam,gstatudsthe mvegimdds dfior amdyingmp’rei ae vally

sui tabl e ni ckel - hased. s eral |l qr €9 al eral |l oys These
super al | oSOWRE G IneLOE el U oA e MQATS, 9HRY SRR €61 1 i1 | ed
mat eri al sty fpiRtaly amsﬁﬁt}%ée@éé ard/ gppsmmdmtd&%ntva%qﬂf sich00381 The
mechani cal properties of these repaired and/or reclassified conponents can

be equi valvepar deposioon FEBRVEY),etpui val ent to, those of the original conponent.
However, the nechanical properties may vary dependi ng upon the vol une
fraction of the material that is replaced, the specific alloy of the

conmponent, [0037&6 CO”H%%'édn%n@ﬁts tthe 4&reRbPERIMI eiiBéEedls, oft hes BRa8Atidn eat ment
used, the nethod used to apply the material, etc.

may comprise any suitable nickel-based superalloys and/or 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 100391 In an exenplary enbodi ment, a single continuous thernmal
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 conposition of about 23.4 weight percent
Cr, about ' e e\ ' : .5

wei ght per%ﬁp%%g avg%ig}t?t @érﬁ%‘t&fgﬁ?ﬁtpg%&e?% [ ‘%?%"‘g‘g[}{l ’ %ﬂofgvomﬁj gﬁ%ghgper cent
Zr, about peré&at @eiahphot ped eenght GercamtdC aindubobid3488 weightt pepentc€nt T@e lovhe | ow

melting point. allo ad_a nom nal conpositian of gbout, 24 wei ght percent Cr,
Zbout " 4 TafigheoRt Alhnade RorbecoRPes Tk o] Aot AcurEn Eperiny n e 55

vei ght  per geRtighPpercéht PRPshdft 2085w eipREp+eSH B, And hB&ItS 30w &AL péreerplgeut 0. 075
i nches thick on t%e cobal t- based substrate. The foll owi ng thernmal spray
par amet er SAURPS preexss whRanaedktoecrSat tai qogtigiatickl 0R74gnehePrthinkoy/thacqtiadir

gasArgon Secondar a l.ium.Are Gas #1 - 250 psi_ Primary pressurePowder
Popper 1 basabgtstad py b igh sl Ty RRs BB MR U pr eosur eAr ¢ Gas #2
- 225 psi Chanber Pressure (spray)35-40 torn Current 1600 anps Vol t age55

vol ts Power88 Kw Feeder RPM#1 - 1. .32 RPM #2-1. 28 RPM

Parameter Setting
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 - 132 RPM
#2 — 1.28 RPM
Powder feedrate #1 — 6 Ibs/hr
#2 — 6 lbs/hr
Total — 12 Ibs/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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#1 - 6 | bs/hr Powder feedrate#2 - 6 I bs/hr Total - 12 | bs/hr Stand of f/ Gun
hei ght 13 i nches Spray tenperaturel500F (816C) Substrate tenperaturel500F
(816C Cycl es64 cycl es/ pattem Thi ckness0.075 +/- 0.010 Gun speed36 in/mn

[ 00401 After the materials were deposited on this cobalt-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 underlying conmponent.
Thereafter, standard inspection techniques (i.e., visual inspection,

fl uorescent penetrant inspecti onEXMANMPLEVENE used to ensure there were no
defects renmai ni ng and the conponent was acceptable for use. Additionally,
met al | ography was used to verify that this conponent had been acceptably

repai r ed. XAMPLE, TWO 4 aNI; e IHERAL i ngle
conti nuougéﬁgr mal E?)rayh[egfg%%épslé&was S@%ﬁtz)ég{@g@%nﬁglgp?gg rra%lesrp?agls of this
i nvent i on pestiess &vali wtkizked aségposis ub statariat of Tiés imestiormlontoaphicksbasddout 10
wei ght percent of _a low nelting point allaoy and ab%zt 90 wei ght percent of

a nickel sasrateat Ehe matgriphcomprisesdpbaut JOeVsightperernt ofjaclosy medigdPAihst r at e
mat eri al . ' ' L hal: | 11 ut 9
el ght - perhof At B DORR e TBLRER R A0k R ey SRS e P Bt W
about 1 wmidkkl-bgzed sebstratetuhbleriala bbhet nizkelbaghmateanClext a Aominabcerhpdsitva ght
percent Al, ercept Hf,

A ) LN LW TR 7N T
mel ting poLat PhvERKt P@Eer® Cb/Nb, about 2 weight percent 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 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
Current 1550 amps
Voltage 56 volts
Power 87 Kw
Feeder RPM #1 - 1.26 RPM
#2 - 1.29 RPM
Powder feedrate #1 - 6.1 lbs/hr
#2 — 6.1 lbs/hr
Total — 12.2 lbs/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 thernmal spray paraneters were used.
ParaneterSetting GunEPI Plasma Prim/carrier gasArgon Secondary gasHel i um

» —150psi Powd
Are Gas +Thlcké$$gnpbl C:LI ey pressure WE Hopper—#1 1t er

Hopper #2 50—psi—Seeondary—pressttre Cas—#2—225—pst—Current1350 anps
Vol tageSGM@MMM—%%Q—RM— 6.1
| bs/ hr Powder feedrate#2 - 6.1 |bs/hr Total - 12.2 | bs/hr Stand off/ Gun

5160)  CyctTEEF ste ek HEFRHALE R g b IR n (I Rk liast SRRl R TO007

coated substrate was heat treated at a temperature of about 2200°F (1204°C) for about

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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@Qun seed i [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

di ffusi on bond between the deposited materials and the underlying
conmponent. Thereafter, standard inspection techniques (i.e., visual

i nspection, fluorescent penetrant inspection etc ) were used to ensure
there were no defects renai | e, f.Oor use.
addl ¢ onati) Brergtai Sai iy e RS dubdiBeTRF RPT AP PiRE BBHEE R o been
accept abl yppapdito ehose[sRAKA]in The &rt iwithent d@artﬁ@rfrcbﬂ this e;dnt end st lof tiecl assi fy
many aero and/or |and based gas turbine engine conponents such as, but not
limted t@reshRighveissuFer exammipnehijetfissrerpigngrosSeelpwsi fiqatipn of tybinss, | ow
D € oHhdd g BEQABEA HRIGRY R b maf 3R fed OABBAL iy WAFLS o
conmbustion |1 ners, sea orts cast cases nozz

conmbust or tmhimsengdszpmen@mel ather emﬂpamytsot s, dass 11$tanm|dathlat)yhe
conponent s that, can. be heat treatnent. without the

ex the ecessar
base net KFESARCRYHOR C%’F'g?a‘iﬂ“it ‘iaB?Rﬁ %’y YAiRbeRD e 6PBe FEHHR S i on.
[0044] As g Qﬁ& @Rﬂ%ﬁﬂlhﬁbﬁdﬂ% ivfbnRy ovi des nmet hods and materials for
repairing a /o gtorlng7rec aSSIf ng vari ous conponents. Advant ageously,
this |nvent|on alloms eroded areas to be restored to original dinensions,
and also allows surface defects to be repaired sinultaneously therewth.
Additionally, if a previously repaired/reclassified conponent needs
additional repair/reclassification, the materials of this invention can be
applied to the previously-applied naterials, instead of to the base netal
of the component as previously described above. Many other enbodi ments and
advantages w Il 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 that
t hese enbodiments are nerely illustrative of the principles of various
enbodi nents of
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14 the present invention. Nunerous nodifications and adaptations thereof
wll be apparent to those skilled in the art w 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 may be used to repair many other gas turbine engi ne conponents,
and ot her conponents. Thus, it is intended that the present invention cover
all suita ions and variations as cone within the scope of the
appended c %lga}tr%agncf%q%el r equivalents. 15 What is clainmed is: [c01] 1. A
met hod of building up material on a netallic article, corrprisi ng: if the

netallic cle conprises a | ke-b ed materjal, appl a nj.ckel - based
mat eri al iﬂﬂ% i si ng labout’® N80 Q/\flebﬁﬁ lnﬁe}l%erﬁf'tep%(’ﬁelat ﬁ’r‘?&aqlb |aﬁ{1qﬁ’| ckel -
based al | @ymaRsdnabout 81. 1-95 wei ght percent nickel -based base material on a

predeterm ned ar a of the netallic article to build up the predeternined
area; if the nef tielinctallict article msesesnlaked:{bbmdt mbm;lehl arpatmg alnickebpl yi ng a

cobal t - mat er| 1 0 wej cent | ow.nel ting
poi nt cob%Pie pRekya 8‘]"?39% Ow§¥i\t7\é)eb°ﬁ?tg’ m%(?BEﬂtt ?}%Eed base
material ghsed mn@d%h@rdﬂon?% 1a99awa§htt et Alckéithadéd ibabe rhferddli bl aup t he
predeterm ned area; and heat treating the article at a predeterm ned

t enper at upeedetermineg pedefshainatadlic aidlate bid Wépr?d@ml@d arege net hod of
claim1l, wherel t he nij,ckel.-based bas ition
similar to that B‘F Ipﬁtghﬁe?rgftj %onéprqse%% 458} lﬁ%afe}q ?Fy"% %pnggl

ni ckel - bagagbdahatenial 2bPricRERAbLSES-30 %@ppérbm Mo$ lni’@lﬂni?g’ pdifit édbalt-badedt he
nmetallic article but includes about 7-8.5 weight percent of a nelting

poi nt deprbeyand abgus 09}853werghbp¢ré@m§abaif -baged ibaselmatgrial en @ predeterspead: - based

base mat era'reaalof the metallic article to build up the predetermined area; and

heat treating the article at a predetermined temperature for a predetermined

amount of time,

[c02] 2. The method of claim 1, wherein the nickel-based base material
comprises a composition similar to that of the metallic article, and the low melting
point nickel-based alloy also comprises a composition similar to that of the metallic

article but includes about 0.7-8.5 weight percent of a melting point depressant.

[c03] 3. The method of claim 1, wherein the cobalt-based base material
comprises a composition similar to that of the metallic article, and the low melting
point cobalt-based alloy also comprises a composition similar to that of the metallic

article but includes about 0.7-8.5 weight percent of a melting point depressant.

[c04] 4. The method of claim 1, wherein the metallic article comprises
at least one of: a single crystal alloy, a directionally solidified alloy, and a

polycrystalline alloy.

[c05] 5. The method of claim 1, further comprising 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.
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conprises a conposition simlar to that of the netallic article, and the | ow
nmelting point cobalt-based alloy also conprises a conposition simlar to
that of the netallic article but includes about 0.7-8.5 weight percent of a
melting point depressant. [c041 4. The nethod of claim1, wherein the
nmetallic article conprises at |east one of. a single crystal alloy, a
directionally solidified alloy, and a polycrystalline alloy. 1c051 5. The
met hod of claim 1, further conprising renoving any coating, oxides or
contam nants on the nmetallic article prior to depositing the nickel- based
mat eri al @eé0d)he cobdl t - baded ety icfl chimt he ﬂirﬁhai |dompall’sh’igc|applyi|1fg [ac061 6.
The nmethod of claim 1, further conprising apply a protective coating to
the net al Preiegieicepingpiths meidliqatielepften Pﬁsaté{eébng i€M7] 7. The nethod of
claim1l1, wherein the predeterm ned tenperature is about 1093-1260C. [c08]
8. The method of claim1l1l, wherein the predetermned tinme is about 4-20
hours. [c(d]7]19. The 7ret hAtheafiethddrofrldim Wheharein the ptedastmmeé tahpdritere

ni ckel - based material and the cobalt-based material is deposited via at

| east one 19800Uf 5993pFestre  plasma spray, high velocity oxy fuel spray, air
pl asma spray, and cold spray. [c10]10.A netallic article repaired by the
method of claiml1. tell]11. The netallic article of claim 10, wherein the
netal | ic de@8]cle compri sdheamgthodtali biaime lenghareincthrpordstermipeod 2nel . The
metallic a ticle of claim1l, wherein the gas turbine engine conponent
conpri ses 2g¢ut I4e§% Rowte of . a high pressure turbine vane, a |ow pressure
turbi ne vane, a | ow pressure turbine blade, a blade outer air seal, a
transition duct, a conbustion liner, a seal support, a bucket, a cast case,
a fuel noz[¢O9¢ a coMbust dihecasgthod ofelaimal adudn@istabfeastmnngllfehe fiickedjbaged. A

met hod of materal GUIN and the g(gl;ca(?tcbeasfej(ia ];nea etnsal 9ep051?eda Via 0 leas{ 81% %l" 10w pressure

plasma spray, high velocity oxy fuel spray, air plasma spray, and cold spray.
[c10] 10. A metallic article repaired by the method of claim 1.

[c11] 11. The metallic article of claim 10, wherein the metallic article

comprises a gas turbine engine component.

[c12] 12. The metallic article of claim 11, wherein the gas turbine engine
component comprises at least one of: a high pressure turbine vane, a low pressure
turbine vane, a low pressure turbine blade, a blade outer air seal, a transition duct, a
combustion liner, a seal support, a bucket, a cast case, a fuel nozzle, a combustor case,

and a combustor shingle.

[c13] 13. A method of repairing surface defects and replacing material on
a nickel-based metallic article, comprising:

depositing a first material on a predetermined area of the metallic article, the
composition of the first material comprising about 30-50 weight percent low melting

point alloy mixed with about 50-70 weight percent base material;
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a nickel -based netallic article, conprising: depositing a first material on
a predetermned area of the netallic article, the conposition of the first
mat eri al conprising about 30-50 weight percent low nelting point alloy

m xed with about 50-70 wei ght percent base material; 17 depositing a second
material over the first material, the conposition of the second materi al
conpri sing about 5-18.9 weight percent |ow nmelting point alloy mxed wth
about 81.1-95 r t ri.al ticle at
a predeterm ne\é!%(’(%lnPi (5[') gtsﬁge}ldf rg{?éga%eg t%l g ﬁrstarﬂgteﬁglatthé E&ﬁ ﬁﬁloﬁ o? @14] 14.
The net hOde@fndCIhaﬂeﬁMlBomphﬁnglalbohm& 18re seight Menedt lcb\errpelrtlagmoentl sllabout
1093- 1260C and the predetermn me i s about, 4-20 hours. [cl1l5] 15. The
met hod of n@l"%ﬁ}’ﬁQ@bOWQr]é??]“ielggtP?ng"ttbﬁ%ﬁ‘@?tieﬁ?l the second material are
deposited as ah%étn@éa%ﬁgrtﬁg%ﬁlél@ﬁeﬁ ik d! RfpeRRRE S 'aoﬁ}e&gterhhﬁed gr aded
layer is simlar to corrp05|t|o of eflrst material ‘as deposition

i nitially anrvagi of¥imand t hen t he conposi t| on of the graded |ayer varies to
beconme simlar to the conposition of the second naterial as the graded

| ayer continues to be deposited. [cl1l6]16. A nickel-based netallic article
repaired ﬁmt]he met had ofyygl %&h&@ o[fca%lrﬁ 14, MRhBRth OIher eRaddiéifingur f ace
defects and replacing material on a cobalt-based metallic article,

conpri si ngempkratosd i iaboutd 0931126070 sret the predateemined tieteas abod d- Arecursf t he
netallic article, the conposition of the first material conprising about
40- 50 wei ght percent low nelting point alloy mxed with about 50-60 wei ght
percent baggsmaterigls; depRsmkindd & 8&PNd, WHeRih dhe R¥Qr mhiBal hidthdmaterial,
the conposition of the second material conprising about 15-30 wei ght

per cent | ceeomdnatenipl pog mpoalltftdoa,s a srgle graged layabdcherelmilwwmogmon@éﬁhﬁent base

g? ;3;; er m aaé%d qg}?etr 1§ glt?na} ar toq tﬁehgorggotsit?olneotathe ?ir ma er1a d%pgs1{1onnpn%ﬂﬁ ur e for a

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.

[c16] 16. A nickel-based metallic article repaired by the method of claim
13.
[e17] 17. 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.

[c18] 18. The method of claim 17, wherein the predetermined
temperature is about 1093-1260°C and the predetermined time is about 4-20 hours.
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amount of tinme. [cl181 18. The nethod of claim 17, wherein the predeterm ned
tenperature is about 1093-1260C and the predetermned tine is about 4-20
hours. 18 [c191 19. The nethod of claim 17, wherein the first material and
the second material are deposited as a single 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 | a varies 1,0 b I i.,0 . ond

mat eri al ﬁ@f t]he gr a rgd I ?f}%?& g(ﬁ)ln énfta}l’celgfﬂ?o %’hgfe;eg%@?% ﬁ%irét %l%%&if glgd %}iec

cobal t - bagsesbndehattridl aradéposital asepsingle @rdoygd ldyer, vetiehed tlof comhmisitionlof thel 9
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.

[c20] 20. A cobalt-based metallic article repaired by the method of claim
17.
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