METHOD FOR DI FFUSI ON BONDI NG METALLI C COVPONENTS W TH NANOPARTI CLE FO L
BACKGROUND [0001] The present invention relates to the manufacture and
restoration of netal conponents, such as conponents of gas turbine engines.
In particular, the present invention relates to diffusion bonding

techni ques for manufacturing and repairing netal conmponents. [0002]
Superal | oys of nickel and cobalt are typically enployed in gas turbine
engi ne conponents due to the high nmechani cal strengths and creep

resi stances obtained with such materials. Because gas turbine engine
conponents are exposed to extreme tenperatures and pressures, high
mechani cal strengths and creep resistances are required to preserve the
integrity of the engine over the course of operation. However, over tine,
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degradations, which can |ead to\NGBURTICDE RO OPerational efficiencies.
[ 0003] Due to economc factors, it IS comobn practice in the aerospace

industry to restore turbine engine conponents rather than replace them
Such restorations desirably restqse regi ons of the engine
conmponents to their original mlégég%ﬁggﬁgﬁg area of practice that has been
a maj onoe0ly er est Th® priRnPehRHAGE GelaRUSL e hRhufaBfibed ahd Grebtdfdfibn eofe Ridtane
conponents involves the joining of the superalloy parts. Current joining
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techni ques nay | ions 1n onpone whi ch can
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brazi ng techni ques, can be tine caonsum ng dye to post-bond heat .t{reafnents.
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the high tenperatures for the extended durations may reduce the _
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al l oys. Accordingly, there is a need
operational efficiencies.
[0003] Due to economic factors, it is common practice in the aerospace industry to
restore turbine engine components rather than replace them. Such restorations desirably restore
damaged regions of the engine components to their original dimensions. One area of practice
that has been a major interest to the aerospace industry for restoring turbine engine components
involves the joining of the superalloy parts. Current joining techniques such as laser welding
processes and tungsten inert gas welding processes are suitable for joining superalloy
components. However, these techniques may induce crack formations in the metal components,
which can also reduce operational efficiencies.
[0004] Other joining methods, such as brazing techniques, can be time consuming due to
post-bond heat treatments. For example, brazing operations typically subject the superalloys of
the engine components to high temperatures for extended durations. Exposure to the high
temperatures for the extended durations may reduce the low-temperature creep resistances of the
superalloys, particularly with single crystal alloys. Additionally, the brazed engine components

typically have polycrystalline microstructures, which have lower mechanical strengths and creep

resistances compared to the microstructures of single crystal alloys. Accordingly, there is a need



for inprovenents to the existing joining techniques to neet the nore
demandi ng requi renents when joining high performance materials. SUMVARY

[ 0005] The present invention relates to a nethod for joining a first netal
part and a second netal part of a gas turbine engine conponent. The nethod
i ncl udes positioning a thin- film nanoparticle foil between faying surfaces
of the first and second netal parts, and diffusion bonding the first and
second netal parts with the nanoparticle foil. BRI EF DESCRI PTI ON OF THE
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having a pair of metal parts being joined together with a nanoparticle

foi |l . [oberjoirrpghigh ppdormanromagiialgr am of a net hod for di mensional |y
restoring a gas turbine engine conponent. DETAILED DESCRI PTI ON [ 0008] FI G
1 is a sectional view of turbine engine conponent 10, which includes base
part 12, top part 14, and foil 16, SihdMARYistrates a suitabl e techni que for

j oi ning_t part 14 to base art 12 with a diffusiaon bopdin rocess.
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second netal parts of turbine engine conponent 10, which are to be joined

wi t h t h8lmseneartige foil W@wegplaymganpihess of thedirsteand seeandonctaleartat angrdiffesion
di mensi gnat.| Yk 85k O fsd-HE PG SO t%@%%“%&%clef%@ base part 12 may be a
damaged "bas por¥|on of Jturbine engi ne component 10 that requires repair.
In this exanple, top part 14 may be a replacenment part for the damaged

regi on of base part 12 BRIBETHRCRIPTIONF THEDREVWENGSNe conponent 10 to be
dimensionally restored to its original dinmensions. In an alternatjve
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conponent 10 usi on“bondi ng process. [0009] As shown, base part
12 and {97part 1BIG.&@specilowealiagramelf ndecthed forglimendiaedy réBorirgna g@0turbibg ch
are the surfaces at which base part 12 and top part 14 are to be joi ned.
Fayi ng SRS SQOUONSH- and 20 are desirably smooth surfaces to increase the
atom c contact of the materials

DETAILED DESCRIPTION

[0008] FIG. 1 is a sectional view of turbine engine component 10, which includes base
part 12, top part 14, and foil 16, and illustrates a suitable technique for joining top part 14 to base
part 12 with a diffusion bonding process. Turbine engine component 10 is a component of gas
turbine engine, such as a turbine stage blade or vane. Base part 12 and top part 14 are first and
second metal parts of turbine engine component 10, which are to be joined with the use of foil
16. For example, in a restoration operation to dimensionally restore turbine engine component
10, base part 12 may be a damaged base portion of turbine engine component 10 that requires
repair. In this example, top part 14 may be a replacement part for the damaged region of base
part 12, thereby allowing turbine engine component 10 to be dimensionally restored to its
original dimensions. In an alternative example, base part 12 and top part 14 may be original
equipment manufacturer (OEM) parts for initially manufacturing turbine engine component 10
with the diffusion bonding process.

[0009] As shown, base part 12 and top part 14 respectively include faying surfaces 18
and 20, which are the surfaces at which base part 12 and top part 14 are to be joined. Faying

surfaces 18 and 20 are desirably smooth surfaces to increase the atomic contact of the materials



2 of base part 12, top part 14, and foil 16. Suitable materials for base
part 12 and top part 14 may depend on the function of turbine engine
conponent 10. For exanple, for conponents that are subjected to high
tenperatures and pressures of a high-pressure turbine stage (e.g., turbine
bl ades and vanes), suitable materials for base part 12 and top part 14

i ncl ude superall oys having directionally-solidified or single-crystal

m crostructures. Exanples of suitable materials for each of base part 12
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preserving the physical and nechani cal properties of turbine engine
conponesembipations thereef; ped alay alsohiaclude anc osmbes additionk] mateHals sheheas titapien, used
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and top part 14. Accordingly, suitable materials for foil 16 include the suitable materials
discussed above for base part 12 and top part 14. However, in contrast to the materials of base
part 12 and top part 14, the alloy of foil 16 has a nanometer-scale average particle size. This
increases the interdiffusion between the materials of base part 12 and top part 14, and allows the
resulting bond between base part 12 and top part 14 to exhibit the same microstructure as the
material microstructures of base part 12 and top part 14 (e.g., directionally-solidified or single-
crystal microstructures). This preserves the physical and mechanical properties of turbine engine
component 10 and the bond location. Furthermore, the increased interdiffusion obtained with the
nanoparticle alloy of foil 16 allows base part 12 and top part 14 to be joined with substantially no
bond line at the interface of faying surfaces 18 and 20.

[0011] Examples of suitable average particle sizes for the nanoparticle alloy of foil 16
include sizes of about 500 nanometers or less, with particularly suitable average particle sizes

including sizes of about 100 nanometers or less, with even more particularly suitable average

3



bond Iine at the interface of faying surfaces 18 and 20. [00111 Exanpl es of
sui tabl e average particle sizes for the nanoparticle alloy of foil 16

i ncl ude sizes of about 500 nanoneters or less, with particularly suitable
average particle sizes including sizes of about 100 nanoneters or |ess,
with even nore particularly suitable average 3 particle sizes including

si zes of about 50 nanoneters or |less, and with even nore particularly
suitabl e average particle sizes including sizes of about 20 nanoneters or
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i ncl ude (5EEEAde @ iflm thiskness 273 iindpdeethickpesses o ahpih A 04 oupioBIcEgE 85 lest frith

Pi tt sbut,ghioy Ay sdiﬁbférfﬁmetﬂp:ﬁﬂ%sg?s%n ihfrbm W8 oY mREoh 634 E Shduf 50 RxRbRbiers,
surface roughness on one or both ﬁ%jor sur?aces of foirl 16 (1.e., the
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When f oistrfdk6s i]& and 20). This assists in instigating a resistance effect during the diffusion bonding
process.
[0013] Prior to performing the diffusion bonding process, foil 16 is positioned between
faying surfaces 18 and 20, such that foil 16 extends at least partially across the entire surface area
between faying surfaces 18 and 20. In one embodiment, foil 16 extends across the entire surface
area between faying surfaces 18 and 20. Alternatively, multiple foils 16 may be used to cover
one or more portions of the surface area between faying surfaces 18 and 20. When foil 16 is
positioned between faying surfaces 18 and 20, base part 12 and top part 14 are compressed
together to secure foil 16 between faying surfaces 18 and 20. The diffusion bonding process is
then performed to join base part 12 and top part 14 with the use of foil 16. The diffusion
bonding process is desirably performed under reduced pressure or vacuum conditions. Examples
of suitable pressures for performing the diffusion bonding process include about 13 millipascals
(about 107 Torr) or less, with more particularly suitable pressures including about 1.3
millipascals (about 10 Torr) or less. In alternative embodiments, the diffusion bonding process

may be performed in an insert gas atmosphere (e.g., argon).
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posi ti oned between faying surfaces 18 and 20, base part 12 and top part 14
are conpressed together to secure foil 16 between faying surfaces 18 and
20. The diffusion bonding process is then perforned to join base part 12
and top part 14 with the use of foil 16. The diffusion bonding process is
desirably performed under reduced pressure or vacuum conditions. Exanples
of suitable pressures for performng the diffusion bonding process include
about 13 mllipascals (about 10"4 Torr) or less, with nore particularly
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W th pa[IOt)lfdul ar I y'he diffusion bonding process is performed for a duration that is suitable to form

a diffusion bond between base part 12 and top part 14. Examples of suitable durations for the
diffusion bonding process range from about 10 minutes to about 10 hours, with particularly
suitable durations ranging from about one hour to about five hours. In one embodiment, the
diffusion bonding process is performed in multiple phases having decreasing temperatures and
increasing durations. For example, a suitable diffusion brazing process includes an initial
diffusion bonding phase in which base part 12 and top part 14 are placed under pressure at a first
temperature (e.g., about 1230°C) for a first duration (e.g., about 15 minutes). This is then
followed by a second diffusion bonding phase, where the temperature is reduced (e.g., to about
1175°C) and is maintained for a longer duration (e.g., about 4 hours).

[0016] The diffusion bonding process causes the materials of base part 12, top part 14,
and foil 16 to interdiffuse in a solid-state manner, thereby forming a solid-state bond between
base part 12 and top part 14 at the interface of faying surfaces 18 and 20. The nanoparticle alloy
of foil 16 accordingly increases the interdiffusion between base part 12 and top part 14, thereby

allowing base part 12 and top part 14 to retain their respective microstructures. For example,
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sui tabl e durations rangi ng from about one hour to about five hours. In one
enbodi nent, the diffusion bonding process is perforned in nultiple phases
havi ng decreasing tenperatures and increasing durations. For exanple, a
suitabl e diffusion brazing process includes an initial diffusion bonding
phase in which base part 12 and top part 14 are placed under pressure at a
first tenperature (e.g., about 1230C) for a first duration (e.g., about 15
mnutes). This is then followed by a second diffusion bondi ng phase, where
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deri ved09¥dm a n&Hoplisd 8bw diagron dhiansthng Hulss damensainply rdstoriogmegas dohiposi ti on
as the single-crystal. superall,0y t resuj i ng ot urbi engi-pe onent 10
ubst arbPA FEpeeRt A TRERE B 4By S BRab SRRt b RledFor B 08 EMPRES "
t op pardischssi@t oftiethod MM arhadzewith rdf@yhdego swbinaergind SordpsherO10 Fhown pf EKRr ves

t he physical and nechani cal properties of turbine engine conpgonent 10.
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[0018] The removal of the damaged material provides faying surface 18, which, as
discussed above, is the surface of base part 12 that will be joined to faying surface 20 of top part
14. Prior to the diffusion bonding process, faying surfaces 18 and 20 are desirably cleaned to
remove any impurities that may adversely affect the interdiffusion of the materials of base part
12 and top part 14 (step 28). Faying surfaces 18 and 20 may be cleaned in a variety of manners,
such as with a hydrogen fluoride cleaning process.
[0019] After cleaning, foil 16 is then positioned between faying surfaces 18 and 20 (step
30), where foil 16 desirably has substantially the same composition as the materials of base part
12 and top part 14. Foil 16 may be positioned between faying surfaces 18 and 20 in a variety of
manners. For example, foil 16 may be placed on faying surface 18 of base part 12, and top part
12 may then be placed on foil 16 such that foil 16 is disposed between faying surfaces 18 and 20.
Altematively, top part 14 may be positioned above base part 12 such that faying surfaces 18 and

20 face each other. Foil 16 may then be inserted between faying surfaces 18 and 20, and base



part 14. Accordingly, top part 14 is a replacenent part that desirably has
di nensi ons that match the di nensions of the renoved danaged nateri al

[ 00181 The renoval of the damaged material provides faying surface 18,

whi ch, ‘as discussed above, is the surface of base part 12 that will be
joined to faying surface 20 of top part 14. Prior to the diffusion bonding
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(step 32) which is perforned in sane nmanner as di scussed above hi s

i nt er di e BEseayed fop sthsequenbiseiin A 2a¥ turliae prains | Alte thy difsion ;‘?SMmQBTOC%Sép par t
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|nterd| orns a solli et ween base ‘part art
14 at tpost- bamﬂmgf;aocaasm% (‘stayBﬁg $ur Eaaegde, ifrbarderzihe cumponest ](bmay hméfﬂgqnart 12
and top n their ective mcrostruct
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preserved for subsequent use in a 3{5 turbi ne engine. After the diffusion
e

bondi ndaysroledsevids exidispfsing elrasipth and/esihenal gesistans.ne engi ne conponent 10 may
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exanpl r bi ne engi ne conp ohen
process, method 24 is also su1table for use in manufactunng turbine engine components, where

the removal of the damaged material in step 26 may be replaced with a step of casting the metal
parts (e.g., base part 12 and top part 14). Thus, method 24 may be used to join a variety of
different metal parts using a diffusion bonding process with a nanoparticle foil.

[0022] Although the present invention has been described with reference to preferred
embodiments, workers skilled in the art will recognize that changes may be made in form and

detail without departing from the spirit and scope of the invention.



post - bond machi ni ng and cl eaning process to renove any excess material that
resulted fromthe diffusion bonding process. Turbine engi ne conponent 10
may al so be coated with one or nore |ayers to provide oxidization,

abrasion, and/or thermal resistance. 100211 Wi le nmethod 24 is di scussed
above with reference to a dinensional restoration process, nethod 24 is

al so suitable for use in manufacturing turbine engine conponents, where the
renoval of the damaged material in step 26 may be replaced with a step of
castingcthemeetal parts (e.g., base part 12 and top part 14). Thus, nethod
24 may be used to join a variety of different metal parts using a diffusion
bondi nglprocess wh tethpdnion dpaingiaciist metel part aud 2 Seound Hakighrarhel peassierine

i nventiQn. ' i.ih reference to preferred enbodinents,
morkers8§¥?ﬁ%ggﬁﬁ%ﬁﬁﬁ§ﬁgpﬁﬁafﬁkﬁgggognize t hat changes may be made in form
and detail w thqukitideparatiangpdriidefdihetegnrd faymgdusapd the fitshmetahpanaidon. 7

CLAIMS: 1. A nethod fop joini a.first tal, part and a seco nmetal part
of a gas turbine eng@n%yhﬁﬁﬁgﬁg%?fﬂ?ﬁﬁc HﬁﬁﬁlE%Eﬁ??g?ﬁ@@mﬁ%§£ﬁﬁHﬁWﬁ§'a
nanoparticle foil betvaghhaihedidrabsHM08GScRmetddEof lekS tandebbrifiad bn AN, a

| ayi ng surface of the second netal part, the nanoparticle foil having a

filmthickness of abollvingenaveagnpariele sige of about 5 eofisrsiasiless aad al | oy
havi ng an aver age..par.ti Gl ize O n ess; d
9 IR0} Moo PRl PP MENRTELELR HeckiO5; AR e

di f fusi on bondi ng par he secon ™t he
nanoparticle foil. 2. nhhepamidlbedl. of claim 1, wherein the average particle
size of the alloy of the nanoparticle foil is about 100 nanoneters or |ess.

3. The method of claim2, wherein the average particle size of the alloy of

b ol L 0
the napoparticler egh"‘r“fh]'oa cﬁb&éi&anz,s gvﬂ%?ﬂn{‘ﬁige{nvgﬁ%% graﬂﬁc‘i"ei sie ofNfe ARG eg@' i

claim1, wherein t mthic ticle foil ran from
about 2nanopatipletfelt & aboutadldduaneoetadsoutes§0 m croneters. 5. The nmet hod of claim
1, wherein the positioned nanoparticle foil extends across an

3. The method of claim 2, wherein the average particle size of the alloy of the

nanoparticle foil is about 50 nanometers or less.

4. The method of claim 1, wherein the film thickness of the nanoparticle foil ranges

from about 2 micrometers to about to about 50 micrometers.

5. The method of claim 1, wherein the positioned nanoparticle foil extends across an

entire surface area of the faying surfaces of the first metal part and the second metal part.

6. The method of claim 1, wherein the first metal part and the second metal part are
derived from alloys that are substantially the same, and wherein the alloy of the nanoparticle foil

is substantially the same as the alloys of the first metal part and the second metal part.

7. The method of claim 6, wherein the alloys of the first metal part, the second metal
part, and the nanoparticle film each comprise a material sclected from the group consisting of

nickel-based superalloys, cobalt-based superalloys, and combinations thereof.



entire surface area of the faying surfaces of the first netal part and the
second netal part. 6. The nethod of claim1, wherein the first netal part
and the second netal part are derived fromalloys that are substantially
the sanme, and wherein the alloy of the nanoparticle foil s substantially
the sane as the alloys of the first metal part and the second netal part. 7.
The nmethod of claim®6, wherein the alloys of the first netal part, the
second netal part, and the nanoparticle film each conprise a nmateri al

sel ected fromthe geoud f6ORThiAE iaNBrsOmetaNp&K @briRASRE SURRE alldP¥ a second
cobal t - based superal | oys, and conbinations thereof. 8 8. A nethod for

j oi ni ndnealinartsleriyash fsem p spqond el dlep metbed eorpprisiig: al | oy and a second net al

part derived fro?{’ﬁ.qtéﬁﬁ‘gﬁé)gﬁe% { OV ndd alﬂag_l}gﬂ b%g,{)%gli;ifg(}?,;g[ E._gfgfgio?%é‘%m%t

| east one nanopa et ween ayi'ng surtace rrst netal
part and a fayi ng surfreté paft ahthe fsdagadfaetadlthgsscond el atrt| thaat leastonc

nanoparticle foil having a fjl hi.ckness of about 100 m croneters or |ess,
and conprising a thi rHa%pf’%‘ﬁiekggithﬁb‘n%ﬁ%i‘gé]i“ﬁ]&éﬁsiﬁﬁaﬁom s‘P”EEOIB?tCTéBBE‘fS’SOO

nanometers or |ess; h@l\?&!.:c_ﬁﬂjljﬁslit?%fiﬂﬁl%talllﬁ?th@{fing%tave&?@pﬁﬁ%@f&e@ta%utg_@ot1 and
the at | east one nanoparticle oil to an el evated tenperature; and inducing

a pressure to the firsenomstess oplast and the second nmetal part that is greater

t han int t om ' I third
al'Toy at the e ol el T sl bt He BlinilBe SEAIE 1Pt bne ABRLIA, 111
second al | oy, and t hefdihiorafl chdvhiey tdndpeddtudepasit partially interdiffuse. 9. The

met hod of claim @8, wherein the average particle size of the third alloy is
about 100 nanonefipi§ing. nressure t‘ig‘.efglfﬁ ?fé]tff‘i’mfth%fe&f’?ﬁf@,et @Tg’iahlstgﬁ%"‘teéverage

particle size of the {hihlifiefhddi¥ fores BPAUL iRaNANMPRIRER Moy, GRS thelthird ThE
met hod of claim8, wherein the elevated tenperature is |less than nelting

tenperatures of the f ket atlicoglevaitrk tesmeatereatienspy alowindéhet first arllay.| By, 12.
The method of el ai m 1.4 0.4 A8 uBkEARY S8l ISR SudAlRes 1 om about

9. The method of claim 8, whercin the average particle size of the third alloy is

about 100 nanometers or less.

10. The method of claim 9, wherein the average particle size of the third alloy is

about 50 nanometers or less.

1. The method of claim 8, wherein the elevated temperature is less than melting

temperatures of the first alloy, the second alloy, and the third alloy.

2. The method of claim 11, wherein the elevated temperature ranges from about
1000°C to about 1300°C.

13. The method of claim 8, wherein the first alloy, the second alloy, and the third

alloy are substantially the same.

14. A method for restoring a turbine engine component, the method comprising:



1000C to about 1300C. 13. The nethod of claim@8, wherein the first all oy,
the second alloy, and the third alloy are substantially the sane. 14. A
nmet hod for restoring a turbine engi ne conponent, the nethod conprising: 9
removi ng damaged material froma base netal part of the turbine engine
conponent to provide a faying surface of the base netal part, wherein the
base netal part conprises a first alloy; cleaning the faying surface of the
base netal part; cleaning a faying surface of a replacenent netal part of

the turbine engi AgnovaTRRMEESd nlab@ial GRIKACE MR Bkl aparP AL the OfEYihS ieAgind
second alloy; positioning a nanoparticle foil between the faying surface of
the base netal part afffuRdenttapreadesy favingesupfpcs ofdthe Bpjegadnarart, WBER thar t |

t he nanoparticle fOilbw@?%ﬁﬂ%mﬁc%ﬁ%ﬂ%%Q&ﬁ&%ﬁ§§ of about 100 m croneters or
rrd allo [

| ess, and conprising a't avi ng an’average particle size of about
500 nanonet ers oclealingthe fayiol surfage df the bsdengetatpalteast a portion of the first
all oy, the second al.l oy, .and the third | 1oy in sol i d-state .manner. 15.
The Wt hod of ol SETIE * GRETEe PTEh o andtsetya el ot 56 Bt hEWEE BREG ol oy
is about 100 nanonet gimspddent, BRSepld@meht\Betd Bl RO Pristlod sdtdid allafrer ei n t he
average particle size of the third alloy is about 50 nanoneters or |ess.

17. The met hod oposticring a @andpartickefoilchshpransthe fpyigasurfige ohhehese metd aprtpart
the replacenent neta rte, i f O . :
tenperature, wherein linhdgﬁeitf?ﬁugél%}rr gg?ﬂlgq?@g%g% #‘ grrnrer%(ijbeé{t’q?‘%{e}ang) %5@'%’3%‘1
tenperature. 18. The hatifad fibh titiklaiess dgbouhBilemitréhgterfsior $éss,adnd@ypmptikieg second

alloy, and the third |l oy are substantially the sape, 19. A netal
conponent of a gas tu?gl?lﬁga@i’g]ilﬂé‘}g ThevSRge A2t 18h 2095 PP ingngRsters or

less; and
interdiffusing at least a portion of the first alloy, the second alloy, and the third

alloy in a solid-state manner.

15. The method of claim 14, wherein the average particle size of the third alloy is

about 100 nanometers or less.

16. The method of claim 15, wherein the average particle size of the third alloy is

about 50 nanometers or less.

17. The method of claim 16, further comprising heating the base metal part, the
replacement metal part, and the nanoparticle foil to an elevated temperature, wherein the

interdiffusing is performed at the elevated temperature.

18. The method of claim 14, wherein the first alloy, the second alloy, and the third

alloy are substantially the same.
19. A metal component of a gas turbine engine, the metal component comprising:

a first metal part;

a second metal part; and

10



a first netal part; a second netal part; and 10 a diffusion bond forned
between the first netal part and the second netal part wth a nanoparticle
foil having a filmthickness of about 100 micronmeters or |ess, and
conprising an alloy having an average particle size of about 500 nanoneters
or less. 20. The netal conponent of claim 19, wherein the average particle
size of the alloy of the nanoparticle foil is about 100 nanoneters or |ess.
21. The netal conponent of claim 20, wherein the average particle size of

the alloy of the RRAREFIHICIEEObLwsn MR é@taﬂ?é}@'aﬁ& McSselbnd fiShl pag: The
metal component of claim 19, wherein the first netal part and the second

metal part are deri vedith aonnepariagls faihbaving afilkn Bedkamss of dbputt HY migrmmeternd
wherein the all oy of thF na&o arti.cle f@il IS substantiaké% t.he gaﬁﬁqas t he
alloys of the first n&tar> 5af CORPEITHA ARONY NG AYTRRe ety Sieg gL a0aN o)
conponent of cl ai m 22500n@beileterd dr@essl | oys of the first nmetal part, the
second netal part, and the nanoparticle filmeach conprise a nateri al
selected fromthe group consisting of nickel-based superall oys,

cobal t Hgased supghaldety SomPRinf BFOLRRE b APSerdil B P eragk harticle size of the alloy

of the nanoparticle foil is about 100 nanometers or less.

21. The metal component of claim 20, wherein the‘average particle size of the alloy

of the nanoparticle foil is about 50 nanometers or less.

22. The metal component of claim 19, wherein the first metal part and the second
metal part are derived from alloys that are substantially the same, and wherein the alloy of the
nanoparticle foil is substantially the same as the alloys of the first metal part and the second
metal part. |

23. The metal component of claim 22, wherein the alloys of the first metal part, the

second metal part, and the nanoparticle film each comprise a material selected from the group

consisting of nickel-based superalloys, cobalt-based superalloys, and combinations thereof.
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