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 danmaged gas turbi ne engi ne
bl ades and other 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 nmay interfere with optimal operation of the engine.
Particul ar areas of concern involve the airfoils of various bl ades and
vanes. Wear and danage mULTIHeOMPONENT BEPDSITIOMTr odynam ¢ effi ci ency,
produce dynam c force inbal ances, and even structurally conprom se the

wor n/ damaged parts in nore extrene cases. Alimted reconditioning is
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repair tﬁﬁq,ﬁg)éqt glc{;q} grﬂ@éplf-yaspﬁéuge&]\],oy 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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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
[ 0005] One aspect of the invention involves a nethod for depositing a
deposition material on a part. The part is placed in a deposition chanber.
One or nore first conponents for formng the deposition material are

vapori zed by el ectron beam heating. One or nore organonetallic conpounds
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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
[0007}] The part may have lost first material from a site and the deposition material may be
deposited to the site so 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 sutrounding the site prior to deposition and the mask may
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have a depth of at least 2.0 mmat the site (e.g., in a |localized foreign
obj ect damage repair situation). The deposition material may have an
raverage depth of less than 0.75 mm A nmaxi mum depth nay al so be simlarly
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 nmask
may 2 be renoved after the deposition. The vaporized one or nore
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the deposited material so as to form a predetermined graded composition in the deposited
material.

[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



A second source conprising one or nore organonetallic conpounds provides one
or nore second conponents of the deposition material. [0011] In various
i npl enment ati ons, the one or nore first conponents may include: at |east 50%
of one or a conmbination of Ni, Co and Fe; at least 12% Cr; at |east 6% Al;
and at least 0.5% Ti. The one or nore second conponents may consi st
essentially of one or nore refractory netals and up to 0.3% C. The one or
nore first conponents nmay include at |east 50% Ti and the one or nore
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[0016] FIG 2 is a view of a danaged area of the blade of FIG 1. [0017]
FIG 3 is a partially HRIBFBHSCRIPEINN ORISR DRIOVH@EYSi tion appar at us.

[ 0018] 4 i parti al chematic view.of a, third, deposition apparatus.
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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.



DETAI LED DESCRI PTI ON [0023] FIG 1 shows a blade 20 froma gas turbine

engi ne. The bl ade has an inboard blade root 22 configured for attaching the
bl ade to a disk (not shown). A platform 24 separates the blade root from an
‘airfoil 26 extending fromthe platformto a tip 28. The airfoil has a

| eading edge 30 and a trailing edge 32 with suction and pressure sides
extendi ng t herebetween. [0024] FIG 1 shows the airfoil having |localized
damage such as is associated with foreign object darmage (FQOD) nicking or
chipping the airfoil proximte the |eadin e to create a damaged | eadi ng
portion 30'. Alternatively tﬁ&ﬂ@“ﬁﬁﬁlmﬁﬁﬁﬁéﬂgl Bneral damage such as a
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(parall to'a first source axis e vessel 1 nterior 0027]
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other forms of rotation, translation, or more complex movement. An exemplary deposition
material source 60 takes the form of first and second sources 62 and 64 of first and second
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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65 al ong a bottom one of the walls defining the chanber. A nolten pool 70 of
netdl fromthe ingot is formed within the crucible and has a surface or
‘meni scus 72. The ingot is nelted to provide the pool via an el ectron beam
76 emtted froman electron gun 78 which may be 5 positioned within or

wi t hout the chanber to direct the beamto the inboard ingot end/pool. The
cruci ble serves to contain the pool. The crucible is advantageously cool ed
to keep it fromnelting (e.g., by passing a cooling fluid such as water
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For exa e con carr it ge val ve may

ext end W(OMHst m(%)swg R@f{@o)@%wﬁ@pbﬂ@m@e l@ﬁh&ﬁiﬁ@g t0T4=5e129,€e morerayrofilow 106
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ar ea ofsofve vidsalde at I¥dsepdrtidlysoutside the chamber, the discharge valve may be positioned to

permit refilling of the second source without releasing the chamber vacuum. For example, an

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. Simultaneous 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 to each other with diffusion mixing so as 10 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.

6



m X by free nol ecul ar di spersion or by diffusion depending on evaporation
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mat eri aI*EBlg\r/‘ﬁ '5[}153 EVY ﬂﬁeg ff IHQiHaYn el Hxadadeposmon material chemistry. Alternatively, a
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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conposition gradient may be inposed across all or a portion of the
deposition material depth. [00301 A shutter system 140 may have a first
‘position (solid line) clear of the flowaths fromthe sources to the bl ade
and a second position (broken line) 140" bl ocking the flowaths. 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 nelted to formthe pool, the OMCis heated to a target
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but containing a different organometailic compound 202 and discharging a flow 204 of that
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 29%). 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.

[0033]} 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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source 62 and the second source 64. The third source 200 may be simlar to

t he- second source 64 but containing a different organonetal lic conpound 202
-and discharging a flow 204 of that conpound along an axis 510. FIG 3 nore
generically shows the workpiece as a plate 210 instead of the blade. The
wor kpi ece receives a deposition material 212 atop its exposed surface 214.
The deposition material includes first conponents fromthe first source 62
and second conponents fromthe second and third sources 64 and 200. The
exenpl abypledtoahd edssel dapbga tadubyute S, Ehe syisiheflow ocllapes as diperppkiioays w t h

subst a i t 29 .
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bet t er giliQuaroyasy abnté&lind.he wor kpi ece. [0035] FIG 6 shows an alternate

t d 5 f i al i thi
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252 becoBSinfht Esadff‘ﬁ:ga'lé" t&%falmfe}sgé'ﬁngrvﬂfﬂ Ea@ﬁrsft k&ﬁ# %%ﬁ{éﬂ&% SL’éﬂ%QK&&IﬁySt em may

provide a nore’i us m xin from
sour cesnamr@‘eqi%eqlb@atyowqféheoiﬁ@qr@tsogm ﬁ’é(yTlﬂfeSeﬁQﬁii sopksa8gWnayHieineBe fir st

sour ce nhtreW obwidedh a@fafcadces@nﬁ imauvdrklﬁeda\@ﬁméﬂsmﬂscent erline is parallel/offset
I rst source Qw cent er 7 shows a

Q G
st omifit 09 "bhdmb etk 3 8 Mg Gomp O SR TREoLor Y ArPrEa shbS v o
super seirctombean to c284 cleThien bdapwind@2d zso@ativaref grel dnner HWG: mpinometallic t he

exenpl %ﬁﬁ oI R gP@JM b @rhor8cBhd &m d?leﬁtBGféhEtd ﬁ&ah'n{!ﬂer}’éﬂ fE.*ilcﬁ he first

source ce terI In a system may ovide a co i mation of the second
sour ce TPRdrmalis Sg@&wcrn%eméfow%mgﬁ Bilegsghgmal dissociation and may provide

control of dissociation range.

[0038] Exemplary process parameters may vary based upon the substrate material,
deposition material, 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, more 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 pm/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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narrow or wide in accordance with the workpi ece di nensions. [0037] One nore
alternate system may conprise irradiation of the deposition surface by an

‘el ectron beamto cause el ectron beaminduced di ssoci ation of the one or nore
organonetal lic conmpounds for providing one or nore second conponents of the
deposition material. Such non-thermal dissociation may be performed with or
i nstead thermal dissociation and may provide control of dissociation range.
[ 0038] Exenpl ary process paraneters may vary based upon the substrate

mat er i glasticukde poai dridemageestifeied may Safhenceadetaily @b awt giyen @uidragipp arhatmshods

capaci t 11-12%
G, 12 %ﬁ?)g%?ﬁﬁyﬂ@eﬁf@ {0 i UG e i B, Ses G TSl
oper at i#gWithimses wops @f Loy follpwinglaimpray be 800- 1050C, nore narrow y 850- 1000C
Car bonyl source tenperature may be 45-90C, nore narrowy 50-75C. El ectron
beam current may be 1.7-2.5A, nore narrowmy 1.8-2.2A. Chanber pressures nmay
be I ess than 0.01Pa. Deposition rates may be 5-30 mimn, nore narrowy
15-20 mimin. [0039] One or nore enbodi ments of the present invention have
been described. Nevertheless, it will be understood that various

nodi fications may be nmade wi thout departing fromthe spirit and scope of
the invention. For exanple, although particularly useful with high pressure
turbi ne bl ades, the nmethods nmay be applied to other blades and other turbine
engine parts and non-turbine parts. Details of the particular turbine
engi ne part or other piece and the 9 particular wear or danmage suffered may
i nfluence details of any given restoration. The nethods and apparatus my
be used for various non-repair applications. Accordingly, other enbodi nents
are within the scope of the followng clains. 10 CLAIMS What is clainmed is:
1. A nethod for depositing a deposition material (110; 212) on a part (20;
210) conprising: placing the part in a deposition chanber (50); vapori zing
one or nore first conmponents (66) for form ng the deposition material by

el ectron beam heating; and vaporizing one or nore organonetal lic conpounds
(102; 202) for providing one or nore second conmponents of the deposition
mat eri al being codeposited on the part with the first conponents.
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2. The nethod of claim21 wherein: the vaporizing one or nore organonetallic
conpounds is via a chem cal vapor deposition process. 3. The nethod of
'claim1 wherein: the one or nore first conponents and one or nore second
conponents condense on the part. 4. The nethod of claim1 further
conprising: actively controlling a ¢espgsature of the part to, in turn,
control_dissociation of the one or nore organonetallic conpounds. 5. The
met hod ¥hatis glained wherein: the tenperature of the part is maintained between

600C and 1058 Gietidsddot fpoviting hideheraticf mitbRalqIE); @12 8H £pat ganonmt al | i c
conpounds conpri ses heating to between 45C and 120C. 6. Theﬂﬁethod of claim
4 furth%)rmpcfgi%rl sing: heat treating the part so as to honbgeni ze the

deposi ted depadig ihoparrin ede@isition.chdinber®@®hod of claim 1 wherein: the one or

Tor e or ganonbalihhg ofOIRANAdS Ao SHs (] R inI B i IberiafR] ONY! S

of one or ory eleme erei’n: the
vapor i zé¢legjronfbeamdiedting; end nore fir st conmponents conprises vaporizing at |east

one MCr-Al a@b?ﬁh%eﬂe Qretdi'%:ﬁ@ﬁﬂ%ﬁé Lol sengQJ 2P9 0 @ﬁa@g%ﬁ%f ally of a

ni ckel - or co ase erein: the
one or Mpfesceqnd @W@hﬁ%ﬁw@ﬁiﬁ% wgiogtmatweﬁhjﬂag cpdapesiterd opjthe pawithiyee one or
nor e segRPEL gents consist essentially of Mb. 10. The nethod of claim1l
wherein the deposition material consists essentially of: at |east one of a
ni ckel - or cobalt-based superalloy with 1-20% by weight, refractory netal
addi ti on. 11Thehhetho@bhdsinof whkgirm 1 wherein the deposition mat eri al consi sts
essentially

| east one M Cr | o 2-20% . Wei ght, conbi ned
of “one or e iR ol ette ot C@%IPO%C‘S hyde dpeigR

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 600C and 1050C; and

the vaporizing of the one or more organometallic compounds comprises heating to
between 45C and 120C.

6. The method of claim 4 further comprising:
heat treating the part so as to homogenize the deposited deposition material.

7. The method of claim 1 wherein:
the one or more organometallic compounds comprise, at least 50% by weight,

carbonyls of one or more refractory elements.

8. The method of claim 1 wherein:
the vaporizing of the one or mote 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.
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0-0.3% by weight, C. 12. The nethod of claim1 wherein: the part has | ost
first mterial froma site (30'); and the deposition material is deposited
‘to the site so as to replace the lost first material. 13. The net hod of
claim 12 wherein: the deposition material has a first interface with a
substrate of the part, a bond strength between the deposition material and
t he sub§trat¥ bei@g ig excess of 50 ksi. 14. The nethod of claim12 wherein:
the par? and BBclahasslribh WhstdYi al conprise nickel - or cobal t - based

super al | oys ¢ ont bk@ordifst@mpoasmosddsisomn @adr pay ofDi; and20% by wei ght,
refractory netal ; the bond strength | s ween 60 i and 90 ksi; the
deposi tion @ng?gﬁmﬁrgss%%on eCB Oo?ntsa?onlsgg‘gé ser%a&}?r%fn@({. the site on the part;
the substrate has a thickness in excess of the depth of the deposition
materialg a D4 Mol : ' material. 15. The
met hod %' clr\rglllerﬁIil ?‘g“’%g‘?‘é{“ﬁi %th%%ﬁpg#? ggoﬁgiﬁnﬁg&%léal?éptﬁggh&%%é ial conpri se

ni ckel - or cdBedst ongafadidkgper %quagﬁsqdfsupmu@ wﬂgilr%l%mmghtz febactarid havi ng
2-20% P¥iaYsddtn, refractory netal; the bond strength is between 60 ksi and
90 ksi; the deposition material has an average depth of less than 0.75 mm

t he substrate has a thickness in excess of the depth of the deposition

mat eri ai1. anthe tb@os uhkindl heRPIhe Segosaidndhiatialebhsifatdseatiimgtosy i al . 12 16.
The met hod of clgi mch;I f‘g{]ihé[ conprising: applying a mask (40) to a portion
of the part SlFasbeRs ﬁ%‘ 16! 81 YPe prior to deposition; and renoving the mask
after the depa8¥t bpweighf].cobmedet dorafiore|odiWhn MloyRe Pej Rb, Ruh ©syiaphy, na¢d one
or norey0 nonetal | i ¢ conpounds are permtted to condense on the part and
the deposition material deposited on the part is irradiated via an el ectron
beamto caud€-38h.dytwesghttleam i nduced di ssoci ation of the one or nore
organonetal lic conpounds |eaving one or nore refractory netals as said one
or nore second conponents. 18. An apparatus for depositing material (110;

212) onla wofkgpmethad pbelaimpd whewdhpri sing:  a deposition chamber (50);

the part has lost first material from a site (30”); and

the deposition material is deposited to the site so as to replace the lost first material.

13.  The method of claim 12 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.

14.  The method of claim 12 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;
the bond strength is between 60 ksi and 90 ksi;
the deposition material has a depth of at least 2.0 mm at the site on the part;
the substrate has a thickness in excess of the depth of the deposition material; and
the substrate comprises original unrepaired material.

15.  The method of claim 12 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;

the bond strength is between 60 ksi and 90 ksi;

the deposition material has an average depth of less than 0.75 mm;

the substrate has a thickness in excess of the depth of the deposition material; and

the substrate comprises original unrepaired material.
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means (62) for vaporizing one or nore first deposition material conponents;
means for vaporizing (64; 200; 220; 240; 250; 280) one or nore
organonetal lic conmpounds for providing one or nore second deposition

‘mat eri al conponents; and a control system (130) coupled to the neans for
vaporizing one or nore first deposition material conponents and the neans
for vapos.i zi Tig: method bf olaine 1D hgteosmhpddinge conpounds and programmed so as to

provi de feedback | o0 rol _of. ca osi.tion of the .first and second
epos ti on riirrsf ok BRhih: oftig BRERRAH ol Duing 8 st b a PRERT ) i
18 furtéer conprising: neans (126) for nonitoring a tenperature of the

wor kpi ece. %@mogpll%rtfg%)ﬂlgéﬂft&tl%fdeﬁbﬁi:i%.ls wherei n: the nmeans for vapori zing

the one or nore eposition material conponents conprises an el ectron
beam source (78) directing an el ectron beam (76) toward an i ngot (66)

conpri sing te QABRoOLf AR 1 Whesdn:deposi tion material conponents; and the
nmeans for vatilori zing,the one or nore ampganometgtl | ic conpounds .conprises a

conduct i ve hESGVAPOTIZEDENE PP LgANREPEtAEE (rRPOgpds e Beﬁlﬁﬁ‘ﬁ@r@t“ﬂ?@?@ncomounds
21. Thethappannd tie depositiei wntkBaldepseict ontthepeol it aliated slacme(cLBO) bidn to

pr ogr ame totgr Vi de. va(rg%si(sn‘g tbaI anee be& ween t he one,.. or. nore first
deposi t FBI HRTIEP KU BHRSIERTLoAE T She drothraneuealiy Sopssnds on

mat er i aleaving npooemts: rataaey nktilhickndes afmoheseaagosinpeatnismt eri al so as to
forma predeterm ned graded conposition in the deposited material. 22. An
apparatus for depositing deposition nmaterial (110; 212) on a workpiece (20;
210) cbhpridnapparaigs for deprsiing maerd 4k 212509 a warkpjece {205 3LP@nsRingsf one
or nore firsf 5RoWeBAHMBRbL5d)he deposition material heated so as to
vaporize the first_conponents; and a second squrce (64; 200; 220; 240; 250;
280) conpri sMASEHY %rvwr@ngpgaﬁb%f%ﬁﬂ %PO@B%H@#@@I {HBRATGM g one or nore
aﬁcond conpoineitisfoofapbliging ¢RQ 2005 220; m;eso;aazao? 8k orihereap@aoaicudliof cl ai m 22

erein; t

he qng or npre first conmponents.include,, hy weight: .at | east 50%
of one SYMRPURTHBY RERTHRE 87 o 3eeha Basitcmplid Omptahl and *) caci 606 Al
and a control system (130) coupled to the means for vaporizing one or more first

deposition material components and the means for vaporizing one or more organometallic
compounds and programmed so as to provide feedback loop control of codeposition of the

first and second deposition material components to the workpiece.

19.  The apparatus of claim 18 further comprising:

means {126) for monitoring a temperature of the workpiece.

20.  The apparatus of claim 18 wherein:

the means for vaporizing the one or more first deposition material components
comprises an electron beam source (78) directing an electron beam (76) toward an ingot (66)
comprising the one or more first deposition material components; and

the means for vaporizing the one or more organometallic compounds comprises a

conductive heater (100) for heating the one or more organometallic compounds

21.  The apparatus of claim 18 wherein:

the control system (130) is programmed to provide a 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.

22.  Anapparatus for depositing deposition material (110; 212) on a workpiece (20; 210)

comprising:
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at least 0.5% Ti; and the one or nore second conponents consist essentially
of : -one or nore refractory netals and up to 0.3% by weight, C 24. The
-apparatus of claim 22 wherein: the one or nore first conmponents include: at
| east 50% by weight, Ti; and the one or nore second conponents consi st
essential ly pfepoRiidn @hai®ir¢s¢)ef ractory netals and up to 0.1% by weight, C
25. A nmethod f.or codeﬁg}si i'ng one gr nore first conponents and one or nore

second conpbHEhET planepr mre BESt SPMBRISHSh S derpsion Bralegiablratedi on of
t he oneswis tBRaorize tisd figOraEIvRBAS; andnd chemi cal vapor deposition of the one

or nore second components f{.0Q)an 0rga tal lic compound. 26. The .nmethod
of clai m 25 WArSPEY FPursia rrob e it 280G Rineiin EOCBE MBI wBtiamraie: g
at | eastorhfifvnd$ pronelirg one o anre B nomporsints oCthe depdsifien magtial. east 12% Cr; at
| east 6% Al; and at least 0.5% Ti. 27. The nethod of claim25 wherein: the

one or nore first conponents are froma single ingot (66); and the one or
nmore segdnd Thoqpparmttsof slaem 2L wheasin: two refractory nmetal conponents from at

least two di fif6rent mSRUEEEDipbAZnts BRRIOly Hhikher ent conposition. 14
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; and
the one or more second components consist essentially of:

one or more refractory metals and up to 0.3%, by weight, C.

24.  The apparatus of claim 22 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.

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

26.  The method of claim 25 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 6% Al; and

at least 0.5% Ti.

27.  The method of claim 25 wherein:

the one or more first components are from a single ingot (66); and

the one or more second components are at least two refractory metal components from
at least two different sources (102, 202) of different composition.
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