MULTI - COMPONENT DEPGCSI TI ON BACKGROUND OF THE | NVENTI ON [ 0001] The invention
relates to the restoration of turbomachine parts. Mdre particularly, the
invention relates to the restoration of worn or damaged gas turbine engine
bl ades and ot her bl ades and vanes. [0002] The conponents of gas turbine
engi nes are subject to wear and danage. Even noderate wear and damage of
certain conponents may interfere with opti mal operation of the engine.
Particul ar areas of concern involve the airfoils of various bl ades and
vanes. Wear and danage may interfere with their aerodynam c efficiency,
produce dynam c force i "bMETIeSOMPONENEDEPOSITMN ural ly conprom se the
wor n/ damaged parts in nore extrene cases. Alimted reconditioning is
commonly practiced for slightly worn or damaged airfoils wherein additional
material is renmoved bel ovBAGBGREAMDATHEBE INVENIIONe the airfoil with a
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performance considerations which limit the amount of material that may be removed.
[0003] Various techniques have been proposed for more extensive restoration of worn or
damaged parts of gas turbine engines. U.S. Patent No. 4,822,248 discloses use of a plasma torch
to deposit nickel- or cobalt-based superalloy material. U.S. Patent No. 5,732,467 identifies the
use of high velocity oxy-fuel (HVOF) and low pressure plasma spray (LPPS) techniques for
repairing cracks in such turbine elements. U.S. Patent No. 5,783,318 also identifies LPPS

(.- techniques in addition to laser welding and plasma transferred arc welding. U.S. Patent No.
6,049,978 identifies further use of HVOF techniques. Such techniques have offered a limited
ability to build up replacement material to restore an original or near original cross-section.
However, the structural properties of the replacement material may be substantially limited
relative to those of the base material.
{0004} Especially for larger damage, it is known to use preformed inserts which may be
welded in place to repair damage. With such inserts, the damaged area is cut away to the
predetermined shape of the insert which is, in turn, welded in place. Structural limits associated
with the welding limit the capability of such repair techniques to relatively low stress regions of
the airfoil as with other techniques. It is common for engine repair manuals to specify the low
stress areas where weld repair is permissible. Thus substantial combinations of the extent of the
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predet erm ned shape of the insert which is, in turn, welded in place.
Structural limts associated with the welding limt the capability of such
repair techniques to relatively low stress regions of the airfoil as with
ot her techniques. It is comon for engine repair manuals to specify the | ow
stress areas where weld repair is permssible. Thus substantial conbinations
of the extent of the 1 wear/damage and the stress to which the worn/damaged
area is subject may limt use of such techniques. SUMVARY OF THE | NVENTI ON
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nickel- or cobalt-based superalloy. The one or more first components may consist in major part
of Ti and the one or more second components may consist essentially of Mo. The deposition
material may consist essentiaily of at least one of a nickel-or cobalt-based superalloy with 2-20%
refractory metal addition. The deposition material may consist essentially of: at least one
M-Cr-Al-Ti alloy; 2-20% combined of one or more of W, Mo, Re, Pt, Rh, Ru, Os, Ir, Te, and V;
and 0-0.3% C.

C’ [0007] The part may have lost first material from a site and the deposition material may be
deposited to the site 50 as to restore the part. The deposition material may have a first interface
with a substrate of the part, a bond strength between the deposition material and the substrate
being in excess of 50 ksi (e.g., between 60 ksi and 90 ksi). The part and the deposition material
may comprise nickel- or cobalt-based superalloys of like nominal composition and having 2-20%
refractory metal The substrate may have a thickness in excess of the depth of the deposition
material. The substrate may comprise original unrepaired material. The deposition material may
have a depth of at least 2.0 mm at the site (e.g., in a localized foreign object damage repair
situation). The deposition material may have an average depth of less than 0.75 mm. A
maximum depth may also be similarly small (e.g., in an erosion-only repair situation). A mask
may be applied to a portion of the part surrounding the site prior to deposition and the mask may
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deposited to the site so as to restore the part. The deposition material may
have a first interface wth a substrate of the part, a bond strength
"between the deposition nmaterial and the substrate being in excess of 50 ksi
(e.g., between 60.ksi and 90 ksi). The part and the deposition material may
conprise nickel- or cobalt-based superalloys of |ike nom nal conposition and
havi ng 2-20% refractory netal The substrate nay have a thickness in excess
of the depth of the deposition naterial. The substrate nay conprise
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provide a progressively varying balance between the one or more first deposition material

components and the one or more second deposition material components across a thickness of
the deposited material so as to form a predetermined graded composition in the deposited
material.

Q" [0010] Another aspect of the invention involves an apparatus for depositing deposition
material on a workpiece. A deposition chamber contains the workpiece. A first source of one or
more first components of the deposition material is heated so as to vaporize the first components.
A second source comprising one or more organometallic compounds provides one or more
second components of the deposition material.

[0011] In various implementations, the one or more first components may include: at least
50% of one or a combination of Ni, Co and Fe; at least 12% Cr; at least 6% Al; and at least 0.5%
Ti. The one or more second components may consist essentially of one or more refractory metals
and up to 0.3% C. The one or more first components may include at least 50% Ti and the one or
more second components may consist essentially of one or more refractory metals and up to
0.1% C



vapori zing the one or nore organonetal lic conpounds may conprise a
conductive heater for heating the one or nore organonetallic conpounds. The
-control system may be programred to provide a progressively varying bal ance
bet ween the one or nore first deposition material conponents and the one or
nore second deposition material conponents across a thickness of the
deposited material so as to forma predeterm ned graded conposition in the
deposited material. [0010] Another aspect of the invention involves an
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[0018] FIG. 4 is a partially schematic view of a third deposition apparatus.

[0019] FIG. 5 is a partially schematic view of a fourth deposition apparatus.

[0020]) FIG. 6 is a partially schematic view of a fifth deposition apparatus.

[0021] FIG. 7 is a partially schematic view of a sixth deposition apparatus.

[0022] Like reference numbers and designations in the various drawings indicate like
elements.



BRI EF DESCRI PTION OF THE DRAWNGS [0015] FIG 1 is a partially schematic view
of a turbine engine blade in a repair apparatus according to principles of
‘the invention. [0016] FIG 2 is a view of a damaged area of the bl ade of

FIG 1. [0017] FIG 3 is a partially schematic view of a second deposition
apparatus. [0018] FIG 4 is a partially schematic view of a third
deposition apparatus. [0019] FIG 5 is a partially schematic view of a
fourth deposition apparatus. [0020] FIG 6 is a partially schematic view of

a fifth deposition apparat usDETAPRD DESQ@RIPTION a partially schematic view
of a si deposjfi.op a rat 0022] Like refgere unber.s
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appllca
may be used as in the ‘694 apphcanon Alternat:vely, the mask may be spaced -apart from the

adjacent surface of the airfoil.
[0026] The blade may then be positioned in a chamber 50 of a deposition apparatus 52. In
the exemplary embodiment, the blade is held by a clamp 54 at the distal end of a shaft 56 whose
proximal end is connected to a drive motor 58. The exemplary clamp engages the blade root 22.
The motor 58 may selectively rotate the blade about an axis 500 in a direction 502 or opposite
thereto. Alternative holding means may be provided including fixed fixtures and means with
other forms of rotation, translation, or more complex movement. An exemplary deposition
material source 6 takes the form of first and second sources 62 and 64 of first and second

C" deposition material components, respectively. The first source may operate in a similar fashion to
those shown in the US patent applications 10/377,954, 10/635,694, 10/734,696, and 10/804,754.
The exemplary illustrated first source 62 comprises a crucible 65 having at least a first end
exposed to an interior of the chamber 50. An ingot 66 is progressively fed through the crucible
along a direction of insertion 504 (parallel to a first source axis 506) toward the vessel interior.
[0027] Appropriate seals may be provided to prevent leakage around the ingot.
Alternatively, the ingot and its progressive movement actuator (not shown) may be located
within the chamber 50. The inboard end of the ingot 66 becomes positioned within the crucible
65 along a bottom one of the walls defining the chamber. A molten pool 70 of metal from the
ingot is formed within the crucible and has a surface or meniscus 72. The ingot is melted to
provide the pool via an electron beam 76 emitted from an electron gun 78 which may be
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adj acent surface of the airfoil. [0026] The bl ade may then be positioned in
a chanber 50 of a deposition apparatus 52. In the exenplary enbodi nent, the
‘blade is held by a clanp 54 at the distal end of a shaft 56 whose proxi nal
end is connected to a drive notor 58. The exenplary clanp engages the bl ade
root 22. The notor 58 may sel ectively rotate the bl ade about an axis 500 in
a direction 502 or opposite thereto. Alternative holding neans nay be

provi ded including fixed fixtures and neans with other fornms of rotation,
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al um num t1tanl um commo dent i For exarrpl e,

ni ckel <haaked ané mlwgaﬁgwﬁﬁlhﬁgeéb%ﬂsgﬁ@%ﬂatﬂ%@ l“Gf‘t th‘étﬂﬁ‘&‘l ¢hagler: or i ron;
chrom EXemplaey GighonibtdNi€ QonipvRhds md:ldmakﬁdn@m ol sheNefricadri enetdis) @lg.Ti al | oys may

ey

be “Se%(gé)ﬁ,%otéﬁ)gasc? ﬂeﬂ?b%/ The ' vessel mayri% heated (e.g., to 45-120C, more narrowly
50-80C) to vaporize the carbonyl molecules and has a discharge valve 103 with an outlet 104
positioned to direct an outlet flow 106 of the carbonyl vapor toward the blade. If the second
source vessel is at least partially outside the chamber, the discharge valve may be positioned to
permit refilling of the second source without releasing the chamber vacuum. For example, an

C’ elongate discharge conduit carrying the discharge valve may extend from the vessel and
penetrate the chamber. The exemplary flow 106 has a centerline/axis 508 which may be parallel
to the axis 506 or convergent therewith toward the blade 20. Simultancous deposition of material
from the metal and carbonyl flows occurs over a desired coverage area of the blade. The flows
mix by free molecular dispersion or by diffusion depending on evaporation rates. In the
illustrated embodiment, the exemplary flows of the first component and the carbonyls
individually diverge to form a pair of plumes. The plumes may, advantageously, converge
relative (o each other with diffusion mixing so as to so as to overlap at least along a desired
coverage area of the blade. The flows gradually build up a deposition material layer 110 on the
desired surface of the blade and on the mask. In the exemplary embodiment, the blade may be
continuously or reciprocally rotated for evenness of coverage or to deposit at multiple sites.
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concentrations of Al and V may alternatively be used. [00291 A second source
64 may be used to provide second conponents that have sufficiently
-different properties fromthe first conponents that attenpting to include
such second conponents in the ingot would prevent or hinder deposition in
the desired proportions froma single ingot. The exenplary second
conponents include refractory netals. The exenplary second source 64

i ncludes a vessel 100 containing one or nore organonetal lic conpounds

'(OM:Sd ) ﬁ&ﬂnt@%ﬂ@ﬂ&,ﬂhﬁ@r@éﬁmdﬁ_&iidd&ﬁ th@éaﬁﬁﬁ?l&ﬁ&/reﬁio@é@ﬁbm.tlrllédibpexiﬁmpgﬁfeﬁal\/ESSE|
IS ou -\Wal |.e VI Nng, a ner. channer, contaj,nl ng the an out er
chanbersug ?ef%hﬁgp%of%%“?lﬁf%b%%vﬁ%ﬁﬁs ?‘:’% Mo Wclgﬁﬁaggrﬁsglbe 5T Pn??@%at ed
heat t rEreshieve this,)adivangermaly thdleladetnmperetuzants &ept highamopgtatoyprovidathenet al | i ¢
conpo ' : . f f, , 1
Vb( 00) @ﬁggﬁﬁﬁﬁgéf%%%ﬁﬁpﬁ_ P bR b ERE R L Ebirkioh. Chnfbjor fSERLE
nar r owspntesinf gipciepestiommateriadanahe achievrddyy iopigationof e depesitiesmatedalschar ge

val ve 13miphenls A0 herte!bytpakfd disRRmtibh 6108 OMCEbdIeE reARRing Wid Rpodiligyv 106 of the
carbonyl vapgr toward the hlade, |f ﬁ(lhe sec nd._sourcgal\@sselﬁs at. | east

par ti alsPfagufs iquizatinn meyneuge deferts apd wicpaseepgsifiomats nHysThs BAbRE ¢ o

per mi t ni@fbteldechidgedty dnledectron bewin $20udetiverad bhaaéconebhaﬁmgmt]}dm. Thrcbtinder viacuum
For ex a 0 te.disc C | t [rVj ischar val ve ma
ext ena T BpgatpRng Bt SIAGIR A%eaaR ftder L DR I 1G oCRTIALAE, 1O V0™
has a cersogrdriawentastissnss0B20/figs a thagpobmipled.rSich s¢nsors maythe camnestedo or

conver : it h 110l Ll f
ot or 1 Spploptfle LAk MiAs I Feopl et BRI AAPANTLABRIEUd MO age

@ ea ofelecan gpnsgde sayeess anghihe mafox. T conteal sysera d 30 Bay &e spiiestied ko Gherpy
t’ 'hf f USie@ﬂinﬂﬁﬂles:cﬂldﬁ ﬁlsgaﬂ#&u?%@afmpasitzm maaﬁteﬁxinglanvat:mﬂnt vdithliﬂlgé elednﬂiél r;ﬁiﬂépd! genlt i

e exe al OWS rs coO one a e car 1.Nndl VI dua
di verg gE 0?%P?ﬂsgmﬁ%asc?fc(?'ﬂﬁ'lh%ég‘?ss“lrgge’ﬁ? 43%&0%8%???g%é€%‘?mf{ny]t:onver gg
r el at i Viow maebeichavbdby thrétHingiof thesiischarge xalvgursler emtioboftbe eanttobsystesr.| ap at
| east ' ally build
up o oS Lnfl S Bty b YA ol Bl P corti of hEMERSARD) LY U
on t he piggsks: This maydnclydernbsalply apdidaivedepositionsatps efdadivigpalirempepsnts and@lis| y or

reci pr Qg popk@ieateas tdnferRed) PRSSured afPHE LRGN ﬁna%'Qnﬂi%gﬁihE lcﬁémi@‘!ﬂ'ahﬂ pl g
e_carponon S I s.renove

o v eRECUEh aracied ShPel PRS2 e pSaBOLS Lt emved
t he r efdimciyomyasuoret ahd/e) cabsuldtdibpasanaers Koo exummpde) thesgystemnaalod progr@minted 3o
advant 408 US| Neohfifnt PheB SForbGIRGAIRE Yoibipduhd K EAFordlol TR RN & RESDFAEF Lhe
organometallic compounds can be measured by a flow metering system (e.g., using a
conventional calorimetric system). The control system may use a flux value (e.g., liters per
minute) to vary the CVD source temperature so as to maintain a desired balance between
EBPVD and CVD fluxes to maintain a fixed deposition material chemistry. Alternatively, a
Q composition gradient may be imposed across all or a portion of the deposition material depth.
[0030] A shutter system 140 may have a first position (solid line) clear of the flowpaths
from the sources to the blade and a second position (broken line) 140' blocking the flowpaths.
The shutter may be in the second position during preparation as the apparatus is brought up to
initial target operating conditions. During this stage, the ingot material is melted to form the
pool, the OMC is heated to a target operating temperature range with the discharge valve 103
closed, and the blade may be preheated to a target operating temperature range by the second
electron gun (e.g., with the beam 120). The preheating may serve to clean the deposition surface
by pyrolysis and desorption of surface impurities. With the parameters in the initial target ranges,
the shutter and discharge valve are opened to expose the blade to deposition. During deposition,
the blade may be heated by the second electron gun 122 by heat radiation (e.g., from the melted
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correspondi ng necessary mnimum tenperature |l evel for such evaporation.
Control of the carbon content of the deposition material nmay be achi eved by
‘ioni zation of the deposition nmaterial conmponents and hence by parti al

di ssoci ati on of the OMCs before reaching the deposition surface. The

i oni zation may reduce defects and increase deposition nmaterial density. The
heating nay be achieved by an el ectron beam 120 delivered by a second

el ectron gun 122. The bl ade tenperature may be nmeasured such as by a renote

t enper aﬁamqn ﬂ%ﬁﬁ)@l} aha‘by(tl@s Kgtent @At d;frtfohadlﬁﬁmnswpﬁhssé&anmsc&oﬁ @A aakmegbger 126

Such sensors ma connect ed ate
com"runltg%'tef"é’ﬁr Q&ee{% the @QHF‘PB'I 0 éﬁ&?&‘ﬂr ﬁ@gt%ﬂﬁ faneaRd ‘\éiﬂg‘B tb‘g% ﬁt{?lgct ed to
t he C dbmgisrthategiperaturd isevichinthe emrget amge I enagpiowever] beswiarhtd bicksopsf thn 130 nay

be con ' A taining a
vacuum G pouleatls Qi o BHRAFSE ST BRe? ARSUIBORIR il ichflenl BP0 00 6
sensor fadker hnmogenizedhe depasition mutsriak and integraie iy dePﬂﬂbW malprileviticthe eved by
throttlg,pqra@f the di scharge valve under control of the control system The
control system may be programred to provide feedback | oop control of the
deposition process. This may include absolute and rel ative deposition rates
of individual conponents and of oOFERaMPEPRperties (e.g. tenperatures,
pressur and e | ik t hat. in Iuence the heni.cal hysi cal
propert{ﬁ@]of t @%XB‘&OH&???SF’ liampler Hght G ﬁrq%B%rﬁgg%@H’r%%gﬁsive to
vari oule%jCo él% m/ %ﬁs&lbgdl‘lwmjémmomgah bedting dlek xpgmamqieeatal atR20kVandipPhe, the
syst eM TRy a ¢

§in Eﬁﬁﬂ I:cﬁpe <& B g?é cﬁ&ﬁa?t}ng Q&aéér The W se%?t?elfﬂ FEEJC&J;;

conpound evéporat I O rate evapor ganone conmpounds
én be dsegierrcigulprorifice| B sepice F@I}i@rllgequpéﬁﬁl@rels@lSGmgs .Thgscalroeowhm i onal

| or i R@fdritfonSy 300%%h - THERALGAN e ivia ﬁk%dmibnl—i§ﬂte@mftivb'?§ fYMedDf18.7% ¢r,] i ters

bal anceﬂ%%ééaae% VB 50 B TN U35, St e

mat er i aind 6I3HTa 110B% A, Il &Mbd |51$%W, 8a% Tm,mpct% iRle] @57, 200041, 00§, i nposed

acr oss ri 0301 A shutter
syst em@j (’o{‘e“rij‘af‘lﬁa)d\%;eI\I:laf)l}ﬁl %s?'}rn ?’gﬁall % ‘?Al‘%ﬂqgg{re% t{ fe fl owpat hs
fromt nemmmwes mamtaiyed abhad@nah&SQQ %pwmyﬁmalﬁnmmmaﬁim)wmo

bl ocki nge ééﬂﬁerlﬁﬂe@%@hﬁ%uredTﬁ%Swm 90, IWI‘ 3% AL 8 WW BOBkpdsfbndur i ng
preparation as ihe apparatus is bro initial tar et oper ati ng

condi t itgtenal E’JEFFP??&WP thedirstgaurce fratsr uﬁ@%wy%fa%aévrﬁéﬁs ?&0%Yiy K28 bY-aet he

gpol ] 1@ 8ORECAL 2. 196 T, 8d)% W, d. 1384 geDeisiioa mafgial ofisition aEthe 3Q@Ad ¥ourée t he
I SChar

I 03
operati gteﬁlglﬁ'\ﬁléﬁ élﬂeaslpéedl a&ﬁgﬂ%@ ng@eg&gﬁeﬁ%}gﬁbﬂgﬁg&(’@ngoc% E ﬁr tg ﬁte beam
120) . TAe32r eheBlG. 3ghawsthe addition of xthid sourbe2Weplish tmiap he sddefl 4@ the first

source 62 and the second source 64. The third source 200 may be similar to the second source 64

but containing a different organometallic compound 202 and discharging a flow 204 of that

P compound along an axis 510. FIG. 3 more generically shows the workpiece as a plate 210 instead

- of the blade. The workpiece receives a deposition material 212 atop its exposed surface 214. The
deposition material includes first components from the first source 62 and second components
from the second and third sources 64 and 200. The exemplary materials deposited by such a
system include superalloys with substantial concentrations of W and Mo simultaneously (e.g., at
least 2%). One exemplary specific deposition material is 52.8% Ni, 15.0% Cr, 7.0% Al, 2.0% Ti,
8.2% W, 4.1% Mo, 0.16% C. Alternatively, the second and third sources may be of similar
material to provide deposition evenness.
[6033] FIG. 4 shows a system similar to that of FIGS. 1 and 3 but wherein the second
source 220 is formed having an annular discharge manifold 222 encircling the flow from the first
source 62 and having an outlet 224 in the form of an annular slot or an annular aperture/nozzle
array discharging an initially annular flow 226 of the organometallic vapor. The manifold is
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by pyrolysis and desorption of surface inpurities. Wth the paraneters in
theinitial target ranges, the shutter and di scharge val ve are opened to
expose the bl ade to deposition. During deposition, the blade nay be heated
by the second el ectron gun 122 by heat radiation (e.g., fromthe nelted 7
metal in the pool), and by the | atent heat of condensation. The second
electron gun is turned off if the tenperature exceeds the maxi mum of an
operational target range and may be turned off so long as the tenperature

is Wt Rioipltd® th@vagél zB@Bg@codctmtme mow?fnulabﬁoﬁ%n spRechsRRKpdHiodsk Ehe
ar ition

t enper tu fall]s bel ow a mn| ran t depoQ
heat trafgﬁ'ﬂ Of‘fpt??’fmm% merggg‘tgggﬁﬁgﬁﬁe%‘ffg?r 10¢ capeydenh egr at e
t he depmﬂiicantbrlﬁr&tcffnheaﬂxrswmiteﬁband ﬂ:uﬂmw ate. EXAMPLE [0031] The exenpl ary

I ngot i 70 rcul L. 0/ 12%
vl , 5P O TFAG STRREE of WP S SER Pl iRl B0 208 Mg sl o kv
and 1. DAf-norme00)t ke ﬁ]mciiuscer@eml@de |"Jﬂleaemppeurcc/%@sl@ls abboméﬂclmrgewnam g wat er .
The Vese%f%'ndﬁgtﬁloﬁltthé §ut?et 8PN v@gsa%herhecge&&[w' sBlircl "ﬂb%‘ %46 has Qgeéﬁé?li'ﬁe?%n]scﬁﬁ)t erline

separatlon he source-substrate sep aration Is
subst raﬂ'éfsﬁ‘é@élﬂm firgt stonfece&@ﬂ@f&lm/ﬂ’sﬁfqr?ﬁféqrtﬂ@mterlméwhe WRRBKCHf 15. 7% Or, 11%

Co, 1. f[%m S. Bitg. Wsh@ws? % zﬁiernaf’e s&%/sefﬁl whefeir theNeeor@d- sﬂn%b@ZSU &5 §fts ﬂbw?'/(xls
| uritil es
A Coa’aalag%dwl the pyctylygapor ognds slingatg puietcBaduit 232 e xtends withitheetal”

conpos |vtapmrﬂdwswthatgammboiweexauig3he aitlet 234efiike edndoie 25X bevames entreémtdan the nom nal

mmasur dvaRon R IRNoGich o 8XPAGH Hagipriach il g dpd hiFo BB " v
pRt er i @f flowsfion the byp sourcenAlfernatively dher wulet i may beriwsmgechwlyu rth?cflfats 58. 0%
N, 14.20cChow bht @bote@R0 1ft R900h flow-céiferline m"‘pa@ag(fe)%ff&t o3%nbergingRAR thé on

material conposition at the second source centerline was neasured as 53. 1%
Ni, 10.fgskseyree Gowgenterling 304 T 13. 206 W 0.15% C. [0032] FIG 3 shows the
addi ti qoo3s] a thRIG.J shows s@s%aﬂwnhemhhmwomﬁsoad:dem iiBclafges fah OMC floaiagze 62

dth d 6 | h d
our ce TS BiReraatagey - 196 by et F e I i B8 ana
di scharegibodinzenf, ipeff-padilefo anbinterseotmgowntittha fiost gowane conteglie] SuchRi Psted nor e
generi Gal ﬁfoﬁﬁé’é("éolhﬁ’ﬁté&ipéf‘%ﬂé §ebndSoufte! H’ﬂo@at ?h@ée@oﬁcf‘s%h?&%ow%a)‘ Bembfeade. The

wor kp |ecgJ receirves a deposition material 2 atop its exposed surface 214.
The dé}?H@WtOFéYr‘\deriﬂtaW%nc‘?WEhUH@@WlF"s@tdl@é‘i‘Wents fromthe first source 62

and seqoEBy) CcoONPOAEHbEe alternate system may comprise irradiation of the deposition surface by an
electron beam to cause electron beam-induced dissociation of the one or more organometallic

compounds for providing one or more second components of the deposition material. Such
non-thermal dissociation may be performed with or instead thermal dissociation and may provide
control of dissociation range.

[0038] Exemplary process parameters may vary based upon the substrate material,

™

deposition maternial, substrate geometry, and apparatus capacities. For an exemplary deposition of
an Ni-based material with 11-12% Co, 12-14% Cr, 7-8% Al, 1.5-2.5% Ti, 2-4% Mo, 10-12% W
0.1-0.3% C, an operating temperature of the part may be 800-1050C, more narrowly 850-1000C.
Carbonyl source temperature may be 45-90C, more narrowly 50-75C. Electron beam current may
be 1.7-2.5A, mote narrowly 1.8-2.2A. Chamber pressures may be less than 0.01Pa. Deposition
rates may be 5-30 pm/min, more narrowly 15-20 um/min.

[0039] One or more embodiments of the present invention have been described.
Nevertheless, it will be understood that various modifications may be made without departing
from the spirit and scope of the invention. For example, although particularly useful with high
pressure turbine blades, the methods may be applied to other blades and other turbine engine
parts and non-turbine parts. Details of the particular turbine engine part or other piece and the
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fromthe second and third sources 64 and 200. The exenplary materials
deposited by such a systeminclude superalloys wth substanti al
concentrations of Wand M sinultaneously (e.g., at least 2% . One

exenpl ary specific deposition material is 52.8% N, 15.0%Cr, 7.0% A, 2.0%
Ti, 8.2%W 4.1% M, 0.16% C. Alternatively, the second and third sources
may be of simlar material to provide deposition evenness. [0033] FIG 4
shows a systemsimlar to that of FIGS. 1 and 3 but wherein the second

source pﬁﬂﬁ:ulaﬁw%ﬂ*d?ﬂdmﬁ@%uﬂﬁreﬂﬂm@ﬂﬂﬂﬂeﬂéc diitéil‘sfwﬁﬁlﬁ irBieb@tHiod 2PheaR@hédsl | Ng t he
flom1frog%the first r.ce 62 and havi nggan outlet 224 in the formof an

annul arAtS PRRATYPS Wpy Q%Yﬁﬁblgff VAPRYOP PRI R Ca“a?sr ﬁﬁ?c?ffi’s“é%f’ hﬁm%ﬂﬁl“f‘?ﬂtﬁ ially
annul arard within 28cscope dfitke follg@ingrobdimb.l i ¢ vapor. The manifold is 8 coupled to
t he vessel 230 by a conduit/tube 232. The annul ar flow col |l apses as flow
portions fromdianetrically opposite portions of the manifold nerge along a
systemcenterline coincident wth a centerline of the first source 62 and
its flow [0034] FIG 5 shows an alternate system wherein the workpiece 210
is held at an angle off-normal to the first source centerline. The second
source 240 has a short discharge conduit 242 extending fromthe outlet of
the vessel 244. The second source flow 246 has a centerline/axis 520
intersecting the first source centerline/axis for better flow overlap at the
wor kpi ece. [0035] FIG 6 shows an alternate system wherein the second source
250 discharges its flow coaxially within the netal vapor flow Its elongate
outlet conduit 252 extends within the netal vapor flow so that a carbonyl
exiting the outlet 254 of the conduit 252 becones entrained in the flow
omthe first source. Such a systemmay provide a nore intinmate and
nogenous m xing w-. of flows fromthe two sources. Alternatively the
outlet 254 may be positioned within the first source flow but directed so
that its own flow centerline is parallel/offset or converging with the
first source flow centerline. [00361 FIG 7 shows a system wherein the
second source 280 di scharges an OMC flow 282 from a supersoni c nozzle 284.
The flow 282 has a centerline 540 which, in the exenplary enbodinent, is
off-parallel to and intersecting with the first source centerline. Such a
system may provide a collimation of the second source flow. The second
source flow may be nore narrow or wde in accordance with the workpiece
di mensi ons. [0037] One nore alternate systemmay conprise irradiation of the
deposition surface by an
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el ectron beamto cause el ectron beaminduced dissociation of the one or nore
organonetal lic conpounds for providing one or nore second conponents of the
deposition material. Such non-thermal dissociation my be perforned with or
i nstead thermal dissociation and may provide control of dissociation range.
[ 0038] Exenpl ary process paraneters may vary based upon the substrate
material, deposition material, substrate geonetry, and apparatus
capacities. For an exenplary deposition of an N -based nmaterial with 11-12%
Co, 12-14%Cr, 7-8% A, 1.5-2.5%Ti, 2-4% M, 10-12% W 0.1-0.3%C, an
operating tenper ature of the part relyAb¥S800- 1050C, nore narrow y 850-1000C.
Car bonyl \gﬁu[ %irperature may be 45-90C, nore narrowy 50-75C. El ectron
beam cur r eAt '?’rﬁﬁlm e1.7-2.5A, nore narromy 1.8-2.2A Chanber pressures nay
be |l ess than 0.01Pa. Deposition rates may be 5-30 nminmin, nore narrowy

15- 20 rﬂm n. [0039] One_or nore enbodi nents of the present invention have
been desch Abagthod fgsyepaskaigesdepositionmpteripeon g @mpsdinghat  var i ous

nodi fi ca’:{:{é)crllr%]g tﬂﬁéa% ﬁé‘%‘t‘ft‘l ,{ﬁﬁbegepartl ng fromthe spirit and scope of

the inve r exa ough particularly useful with high pressure
t ur bi ne b.laﬁﬁiéﬂmg bineommbdst compobentafiplforedng theatehesititl mdesiabindeletttvar t ur bi ne
engi ne and no -turbine parts. Details of the particular turbine

engi ne p atﬂ’tghé? piece and the 9 particular wear or damage suffered may

i nfl uencevag&ﬁﬁhg nObr a¥e %‘r@éﬁﬂméﬁﬁko&%ﬁo%‘ds %P%ré(ﬁélllﬂgdﬁne ANoRPRESAL US MRy
be used for various non-repair applications. Accordi ngly, other enbodi nents

are wit h|q@lrmheerrtszoﬁéhc)fdemwlomohﬂawhgelug aiodeposi®d Gn the p@HAWNS thinfast i s
clainmed is:; thod for depositing a deposition material on a part
conpri si n@mpomrﬁ%l §%'he part in a deposition chamber; vaporizing one or

nore firshe gmn@g@ﬁstfngaﬁerfaq)rrmnngg]&h@]ddepos| tion material by electron beam
heating; and vaporizing one or nore organonetallic conpounds for providing
one or nohedenssisiap material is deposited to the site so as to replace the lost first material.

2. The method of claim 1 wherein:
the vaporizing one or more organometallic compounds is via a chemical vapor deposition

process.

3. The method of claim 1 wherein:
the one or more first components and one or more second components condense on the

part.

4. The method of claim 1 further comprising:
actively controlling a temperature of the part to, in turn, control dissociation of the one or

more organometallic compounds.

5. The method of claim 4 wherein:
the temperature of the part is maintained between 600 C and 1050 C; and
the vaporizing of the one or more organometallic compounds comprises heating to

between 45 C and 120 C.
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conponents of the deposition material being codeposited on the part with the
first conponents, wherein: the part has lost first material froma site;
and the deposition material is deposited to the site so as to replace the
lost first material. 2. The method of claim| wherein: the vaporizing one
or nore organonetallic conpounds is via a chem cal vapor deposition

process. 3. The nethod of claim| wherein: the one or nore first conponents
and one or nore second conponents condense on the part. 4. The method of
claim1 further conprising: actively controlling a tenperature of the part
to, in tusnThecoahpdbf diissbbirdier ompfsitghe one or nore organonetal lic
conpounds., 5. The Vethod of ?Iain14 erein;cbgg Leq?erQLU{e of the part is
mai nt ai nedeBSEAMEINBBYT &© SHA PE8ETEe BRARSLCAEBEH YT BG©Ef t he one or nore
organonetal | i ¢ conpounds conprises heating to between 45 C and 120 C. 11 6.
The method of claim4 further conprising: heat treating the part so as to
honogeni z€. Themdépdst ¢lein Hapewsintion nmaterial. 7. The nethod of claiml

wh in: th i |, S 50% b
e Ly R R LATETG B SRR R, COMPOL St 0% o

claim| whebsd s:mébecirpoy Eleimegisof the one or nore first conponents
conprises vaporizing at least one M Cr--Al--Ti alloy; and the deposition
mat eri al consists essentially of a nickel- or cobalt-based superalloy. 9.

The nEthO%.?$e®Lﬁ5H5+d el einBreid.he one or nore first conponents consist in
maj or part o I; and the one or nore second conponents consist essentially
of M. the vaporizing of the one or more first components comprises vaporizing at least one M-

Cr--Al--Ti alloy; and

the deposition material consists essentially of a nickel- or cobalt-based superalloy.

9. The method of claim 1 wherein:
the one or more first components consist in major part of Ti; and

the one or more second components consist essentially of Mo.

0. The method of claim 1 wherein the deposition material consists essentially of:
at least one of a nickel-or cobalt-based superalloy with 1-20%, by weight, refractory

metal addition.

[1. The method of claim | wherein the deposition material consists essentially of:
at least one M-Cr--Al--Ti alloy; 2-20%, by weight, combined of one or more of W, Mo,
Re, Pt, Rh, Ru, Os, Ir, Te, and V; and 0-0.3%, by weight, C.

12. The method of claim | wherein:
the deposition material has a first interface with a substrate of the part, a bond strength

between the deposition material and the substrate being in excess of 50 ksi.

13. The method of claim 1 wherein:
the part and the deposition material comprise nickel- or cobalt-based superalloys of like

nominal composition and having 2-20%, by weight, refractory metal;



10. The method of claim| wherein the deposition material consists
essentially of: at |east one of a nickel-or cobalt-based superalloy with
1-20% by weight, refractory nmnetal addition. I | . The method of claim!]
wherein the deposition material consists essentially of. at |east one
MCr--A--Ti alloy; 2-20% by weight, conbined of one or nore of W M, Re,
Pt, Rh, Ru, GCs, Ir, Te, and V;, and 0-0.3% by weight, C 12. The nethod of
claiml wherein: the deposition nmaterial has a first interface with a
substrate of the part, a bond strength between the deposition material and
t he subst nla:tt@nbeirm@gtﬁl 5 Eveesisotosi 50d kG ksi; 8. depbmtioremnhmdaldfas @l depth df apher ei n:
the part nd p S|t|on mat eri al conprise nickel- or cobalt-based
superalloY%“%f(FWk@ WA BYhposi ti on and having 2-20% by wei ght,

refractor ypd®ibatae hes b haclRadinsécerthhé depptofRRNIGRsikish nekidOarkisihe t he
deposition material has a depth of at least 2.0 nmat the site on the part;

t he subst sdsgalsgemarisdyiosiginebenrepnitgst cuddiabf the depth of the deposition
material; and the substrate conprises original unrepaired nmaterial. 14. The
method of claim| wherein: the part and the deposition material conprise

ni ckel - on4chkahéthtdspdaiatpahaleimyis @it dndkiee dwpositiah maeimabsdrhprize nékdl-havi ng
2-20% by weight, refractory netal; the bond strength is between 60 ksi and
90 ksi: t e celyouped HICHNPEY P%\lkeh%@’mﬁﬁ' EPEIOSGEN d’éét‘ﬁ‘”@ﬁ IH¥e bhugiehth 75 mm

t he substrg{gﬂpf,wglthlckness in excess of the depth of the deposition

mat eri al € Substrate conprises original unrepaired material. 15. The
met hod of tied tainthstrerftiv isherwecompksisind @0 kappl yi ng a mask to a portion of the

part surroun the site prior to depositi renovi ng the mask after
t he dep05|Fi%ﬁosTﬁ”“?ﬁ%mﬁﬁgﬁ%aw%%ﬁégﬁﬁﬁﬁfﬂﬁﬁBPQ%ﬁ‘“Phe vapori zed one or nore
or ganonet %ééuﬁst%@ﬁ@%ﬂﬁ%kﬁs@nn%&é@s%?%d% hGPRRERSEsiB6h hbRriaPakd and the

deposition material deposited on the part is irradiated via an el ectron beam
to the substrate comprises original unrepaired material.

|5. The method of claim 1 further comprising:
applying a mask to a portion of the part surrounding the site prior to deposition; and

removing the mask after the deposition.

[6. The method of claim | wherein:

the vaporized one or more organometallic compounds are permitted to condense on the
part and the deposition material deposited on the part is irradiated via an electron beam to
cause electron beam-induced dissociation of the one or more organometallic compounds

leaving one or more refractory metals as said one or more second components.

17. The method of claim 1 wherein:

the part is a gas turbine engine part.

18. A method for codepositing one or more first components and one or more second
components comprising:

electron beam physical vapor deposition of the one or more first components; and
chemical vapor deposition of the one or more second components from an organometallic

compound, wherein:



cause el ectron beaminduced di ssociation of the one or nore organornetallic
conpounds | eaving one or nore refractory netals as said one or nore second
conponents. 17. The method of claiml| wherein: the part is a gas turbine
engi ne part. 18. A nethod for codepositing one or nore first conponents and
one or nore second conponents conprising: electron beam physical vapor
deposition of the one or nore first conponents; and chem cal vapor
deposition of the one or nore second conponents from an organonetallic
conpound, wherein: 13 the one or nore first conponents and one or nore
second coftiponent moarfhsmﬂqpn&im adl @r or monosmond calpmaged agasdeprsibedien engi ne
part to restoreg} %9 The nethod of claim 18 wherein the one or nore
first conpdHEhY'SEH %?éu HVe"h@?@ﬁ?“)ﬁﬁoﬁégng§0@6of one or a conbination
of Ni, Co, and Fe; at least 12% Cr; at |least 6% A ; and at |least 0.5%Ti.
20. The method of claim 18 wherein: the one or nore first conponents are
froma si hyl Ehd mgbogd cdrdhinhed ohereor thepere eemorsdiisbepoperns eredrie. brast two
refractor% conponents fromat |east two different sources of

di fferent Snﬁ£05|t|on 21. The nethod of claim 18 wherein: the one or nore

first comuaasns®sionshdista: condlindieast NS, alyraei ght, Ti; and the one or nore
second conponents consi st essentlally of one or nore refractory netals and

up to 0. laugashy2%éirght, C. 22. The nmethod of claim 18 wherein: the one or
nor e flrsg CRAMPANAN. S conprise at |east 50% by weight, Ti; and the one or
nor e secon conponeén s consi st essentially of M.

at least 0.5% Ti.

20. The method of claim 18 wherein:
the one or more first components are from a single ingot; and
the one or more second components are at least two refractory metal components from at

least two different sources of different composition.

21. The method of claim 18 wherein:

the one or more first components include:

at least 50%, by weight, Ti; and

the one or more second components consist essentially of:

one or more refractory metals and up to 0.1%, by weight, C.

22. The method of claim 18 wherein:
the one or more {irst components comprise at least 50%, by weight, Ti; and

the one or more second components consist essentialiy of Mo.
23. The method of claim 18 used to deposit deposition material consisting essentially of:
at least one of a nickel-or cobalt-based superalioy with 1-20%, by weight, refractory

metal addition.

24, The method of claim 18§ used to deposit deposition material consisting essentially of:

at least one M-Cr--Al--Ti alloy:;

14



23. The nmethod of claim 18 used to deposit deposition material consisting
essentially of: at |east one of a nickel-or cobalt-based superalloy with
1-20% by weight, refractory netal addition. 24. The nmethod of claiml S
used to deposit deposition material consisting essentially of: at |east one
MCr--A--Ti alloy; 14 2-20% by weight, conbined of one or nore of W M,
Re, Pt, Rh, Ru, GCs, Ir, Te, and V; and 0-0.3% by weight, C 25. A nethod
for depositing a deposition material on a part conprising: placing the part
in a deposition chanber; vaporizing one or nore first conponents for formng
t he depos0tn byateatht,abmibinedlof obe anmodeed W Hdat Ra ¢, RindRuy Bpolri Td, agd ¥ne or
nore organornetallic conpounds for providing one or nore second conponents
of the def’)‘%fgiti on material being codeposited on the part with the first
conponent g.g AGtHM@diyhtcontrolling a tenperature of the part to, in turn,
control dissociation of the one or nore organornetallic conpounds, the
actively controlling conprising irradiating the deposition materi al
deposited.,on th \rtovia.an el ectron beamto cause electron beam induced
di ssoci at Fgr{\ B]Fﬁltoﬁ modr‘fg(’bd?”%&%’%’ﬁ@%%r‘r‘é&aaﬁ”]?E‘“g%)om ounds | eaving one or rnore
refract or ylapmp #epaasn aaepbsang Gump®E € second conponents; and heat treating
the part so as to honogenize the deposited deposition material. 26. The
met hod of VA& Mg 2He W E106% st camPenesdpatmidne ferospieptmate gy stegitpied
bet ween 6 1050 C, and the vaporizing of the one or nore
or ganonet g%nlg&%@g%ﬁggnds conprises heating to between 45 C and 120 C. 27. A
met hod f oxapdeipiogi dneng @ode@asidnicoallicratiapowlds dor propalitg cmnpr neiramgecopd aci ng
the part in a deposjtion chanber; yaporizing one or re firgt copponents
for fornFHBPYRBS RIptEi &ip{%ﬁ“%t‘%ﬁ"&?qﬁ‘/’geF%‘%P?%tﬁd b“%%oehg%ff i"ﬁ‘g‘, “%fngPSt
vaporidzi NGoRfihchfs; Mor e organonetal lic conpounds for providing one or nore
secon

actively controlling a temperature of the part to, in turn, control dissociation of the one or

more organometallic compounds, the actively controlling comprising irradiating the
deposition material deposited on the part via an electron beam to cause electron beam-
induced dissociation of the one or more organometallic compounds leaving one or more
refractory metals as said one or more second components; and

heat treating the part so as to homogenize the deposited deposition material.

26. The method of claim 25 wherein:
the temperature of the part is maintained between 600 C and 1050 C; and
the vaporizing of the one or more organometallic compounds comprises heating to

between 45 C and 120 C.

27. A method for depositing a deposition material on a part comprising:

placing the part in a deposition chamber; vaporizing one or more first components for
forming the deposition materiat by electron beam heating; and

vaporizing one or more organometallic compounds for providing one or more second
components of the deposition material being codeposited on the part with the first
components, wherein:

the one or more organometallic compounds comprise, at least 50% by weight, carbonyls

of one or more refractory elements.



conponents of the deposition material being codeposited on the part with the
first conponents, wherein: the one or nore organonetallic conpounds
conprise, at |least 50% by weight, carbonyls of one or nore refractory

el enents. 15 28. A nethod for depositing a deposition material on a part
conprising: placing the part in a deposition chanber; vaporizing one or
nore first conponents for formng the deposition material by electron beam
heati ng; and vapori zing one or nore organonetal lic conpounds for providing
one or nore second conponents of the deposition nmaterial being codeposited
on the part wwth the first conponents, wherein: the vaporizing of the one

or nore fijfst c nents .conpr,i ses. vaporizing at |l east one M Cr--Al--Ti
al | oy; anggt‘%@eggggg‘i SPEH T r?g?ﬁoé'l ‘088}%%15‘5%“ gg%%ﬁ?m%{l’ﬁ’%‘of a nickel - or
cobal t - bageding UReSaad ihA¥epoFon Aafidthod for depositing a deposition materia
on a part conprising: placing the part in a deposition chanber; vaporizing

one or norepdrizingtone empeme fitss chpoTestsnohPrafe e gersisttioarmetid by glecBgn el ect r on

bean1heat%ggﬁhgpﬂgxﬁﬁorizing one or nore organonetallic conpounds for
provi di ng "One st "fof'e second conponents of the deposition material being

codeposi t eghwiitghencp@r ol bildatidrectdliic sbmpoanipdoe piosidimheneonmdrdiseconé or nore
first conponents consist in major part of Ti; and the one or nnr? second
conponent §OEBRENSt Ol Higedtroaitipy Bateny . betite C%i%%‘WSdOIT dre gapovith ithg Mest
deposi ti o, mpsRh{salyhQRina part conprising: placing the part in a deposition
chanber; vaporizihg one or nore first conponents for forming the deposition
mat eri al e wbedtingnf thbeamoheatd figt camebneatp opmpiisety vopeizorg ardeast one M-
organonetﬁylif,fo ounds for providing one or nore second conponents of the
deposi ti ofr"materi?PY 8 ng codeposited on the part with the first

the deposition material consists essentially of a nickel- or cobalt-based superalioy.

29. A method for depositing a deposition material on a part comprising:

placing the part in a deposition chamber;

vaporizing one or more first components for forming the deposition material by electron
beam heating; and

vaporizing one or more organometallic compounds for providing one or more second
components of the deposition material being codeposited on the part with the first
components, wherein:

the one or more first components consist in major part of Ti; and

the one or more second components consist essentially of Mo.

30. A method for depositing a deposition material on a part comprising:

placing the part in a deposition chamber;

vaporizing one or more first compenents for forming the deposition material by eiectron
beam heating; and

vaporizing one or more organometallic compounds for providing one or more second
components of the deposition material being codeposited on the part with the first
components, wherein the deposition material consists essentially of?

at least one of a nickel-or cobalt-based superatloy with 1-20%, by weight, refractory

metal addition.



conponents, wherein the deposition material consists essentially of: at

| east one of a nickel-or cobalt-based superalloy with 1-20% by wei ght,
refractory nmetal addition. 16 31. A nmethod for depositing a deposition
material on a part conprising: placing the part in a deposition chanber;
vapori zing one or nore first conponents for formng the deposition materi al
by el ectron beam heating; and vaporizing one or nore organonetallic
conpounds for providing one or nore second conponents of the deposition
mat eri al bei ng codeposited on the part with the first conponents, wherein
the deposition material consists essentially of at |least one MCr--Al --Ti
alloy; 2-20% b% i ght, conbined . of one or nore of W M, Re, Pt, Rh, Ru,
Os, Ir, Tel-7ama woréjﬁﬂos(ﬁr@.%%poﬂyo‘\]/@iaﬁﬁ?l,O“C‘ff PHCOMPIFHEhod for codeposi ting

one or nof&:ih RHaR WRRBRARIRN2AGEREe or nore second conponents conpri sing:
el ectron beam physi cal vapor deposition of the one or nore first conponents;

and chenvapalizwapoe odaposiitst ormernentydorofveming thodeposidion M sihpprigate! f r om an
organonetgllipﬁ.cqnggund, wherein the one or nore first components conpri se,
by wei ght "8t "83%&t""509% of one or a combination of Ni, Co, and Fe; at |east

12% Cr;  atapofaist 5% Ahdreadtdanodtetdii@asdmfbunde Tor. prddiding &t loshofdtecond
codepositing one or nore first conponents and one or nore second _conponents
conpri si ngpMpsiners rdnthpedenophys inediriay HsBie ersisprsited o e pave votelhsr fiffbre first
component s;., andys ARRILA Al ABRGK ARRLAAILANOLLRBuERG. OF more second -
conponent s f'rom an organonetallic conpound, erein: the one or nore first
conponent & lasseoferdrla-Adi-mghledy ngot ; and

2-20%, by weight, combined of one or more of W, Mo, Re, Pt, Rh, Ru, Os, Ir, Te, and V;

and

0-0.3%, by weight, C.

32. A method for codepositing one or mere first components and one or more second
components comprising:

electron beam physical vapor deposition of the one or more first components; and
chemical vapor deposition of the one or more second components from an organometaliic
compound, wherein the one or more first components comprise, by weight:

at least 50% of one or a combination of Ni, Co, and Fe:

at least 12% Cr;

at least 60% Al; and

at least 0.5% Ti.

33. A method tor codepositing ene or more first components and one or more second
components comprising:

electron beam physical vapor deposition of the one or more first components; and
chemical vapor deposition of the one or more second components from an organometallic
compound, wherein:

the one or more first components are from a single ingot; and

the one or more second components are at least two refractory metal components from at

least two different sources of different composition.



the one or nore second conponents are at |east two refractory netal
conponents fromat |east two different sources of different conposition. 17
34. A nethod for depositing a deposition material on a part conpri sing:

pl acing the part in a deposition chanber; vaporizing one or nore first
conponents for formng the deposition material by electron beam heating;
and vaporizing one or nore organonetallic conpounds for providing one or
nore second conponents of the deposition nmaterial being codeposited on the
part with the first conponents, wherein: the part is a gas turbine engine
part. 35. A nethod for codepositing one or nore first conponents and one or
nore second, co nents conprising: electron beam physi cal vapor deposition
of the on§L5¥mﬂHB§R¥%F@F”E@ﬁﬁkﬂ%ﬂg@fm'%ﬁm‘Wﬁ@ﬁﬁéﬁpﬁwgﬁ%r deposi tion of the
one or nojig:iSEGHe Pat GPABERENbLE chiWran organometal [ic conpound, wherein: the
one or nore first conmponents include: at |east 50% by weight, Ti; and the
one or noYAOYEBHALE eompEnidiat erenels fordegring ity dopogfion gyaEerigl bypleeranef r act ory
netals a QmHﬂuﬁﬁnoa%oq by weight, C. 36. A nethod for codepositing one or
nore firs ‘conpoﬁ%n{s and one or nore second conponents conprising:

el ectron heanipfiyst ealmarapegandepndic tompoahidd e poadog omere hbresiecaanponent s;
and chem cal vapor deposition of the one or nobre second cor oneg;s from an
or ganomet @8 G BEIgPOWRRY 813 1at REINE @ dBROSHEY &N IF SR BiPolReNnt's! conpri se
at |east 0%, by, W&l.ght, Ti; and the one or nore second conponents consi st
essentlalﬁy of M5.  37. A method for codepositing one or nore first
conponenttse amtisongs arrbmoeegisepond conponents conpri sing: el ectron beam
physi cal vapor deposition of the one or nore first conponents; and chem cal
vapor deposition of the one or nore second conponents from an organonetallic

35. A method for codepositing one or more first components and one or more second

components comprising:

electron beam physical vapor deposition of the one or more first components; and
chemical vapor deposition of the one or more second components from an organometallic
compound, wherein:

the one or more first components include: at least 50%, by weight, Ti; and

the one or more second components consist essentially of:

one or more refractory metals and up to 0.1%, by weight, C.

36. A method for codepositing one or more first components and one or more second
componcents comprising:

electron beam physical vapor deposition of the one or more first components; and
chemical vapor deposition of the one or more second components fron an organometallic
compound, wherein:

the one or more first components comprise at least 50%, by weight, Ti; and the one or

more second components consist essentially of Mo.

37. A method for codepositing one or more first components and one or more second
components comprising:
clectron beam physical vapor deposition of the one or more first components; and

chemical vapor deposition of the one or more second components {from an organometallic



i s conpound, wherein the nethod is used to deposit deposition materi al
consisting essentially of: at |east one of a nickel-or cobalt-based
superalloy with 1-20% by weight. refractory netal addition. 38. A nethod
for codepositing one or nore first conponents and one or nore second
conponents conprising: electron beam physical vapor deposition of the one or
nore first conponents; and chem cal vapor deposition of the one or nore
second conmponents from an organonetallic conmpound, wherein the nmethod is
used to deposit deposition material consisting essentially of: at |east one
M Cr - - Al -eohipoathd,owhe2:208¢ naythaeiighied aondupnsd depodiien onatern ecodbistiig Mo,  Re,
Pt, Rh, Ru, Gs, Ir, Te, and V; and 0-0.3% by weight, C 19
essentially of;

at feast one of a nickel-or cobait-based superalloy with 1-20%, by weight. refractory

metal addition,

38. A method for codeposiling one or more first components and one or more second
components comprising:

efectron beam physical vapor deposition of the one or more first components; and
chemical vapor deposition of the one or more second components {rom an organometallic
compound, wherein the method is used to deposit deposition material consisting
essentially of:

at least one M-Cr--Al--Ti alloy; 2-20%, by weight, combined of one or more of W, Mo,
Re, Pt, Rh, Ru, Os, Ir, Te, and V; and 0-0.3%, by weight, C.



