METHOD FOR DIFFUSION BONDING METALLIC COMPONENTS WITH
NANOPARTICLE FOIL BACKGROUND 100011The present invention
relates to the manufacture and restoration of metal components, such as
components of gas turbine engines. In particular, the present invention
relates to diffusion bonding techniques for manufacturing and repairing
metal components. [0002]Superalloys of nickel and cobalt are typically
employed in gas turbine engine components due to the high mechanical
strengths and creep resistances obtained with such materials. Because
gas turbine engine components are exposed to extreme temperatures and
pressures, high mechanical strengths and creep resistances are required
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wear and other degradations, n lead to reductions in operational
efficiencies. [0003]Due to economic factors, it is common practice in the
aerospace industry to restore gubiage5giRe components rather than
replace them. Such restorations desirably restore damaged regions of the
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pressu}gs, high mechanical strengths and creep resistances are required to preserve the integrity
of the engine over the course of operation. However, over time, exposed portions of the
components are subject to wear and other degradations, which can lead to reductions in
operational efficiencies.

[0003] Due to economic factors, it 1s 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



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
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demanding requirements when joining high performance materials.
SUMMARY [0005]The present invention relates to a method for joining a
first metal part and a second megiipatAt @ gas turbine engine

omponent. The method includes positioning a, thin-film, nangparticle foil
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bondiggydkhBrsivithl aarand peatitimfoilwith the nanoparticle foil.

BRIEF DESCRIPTION OF THE DRAWINGS
[0006] FIG. 1 is a sectional view of a turbine engine component having a pair of metal
parts being joined together with a nanoparticle foil.
[0007] FIG. 2 is a flow diagram of a method for dimensionally restoring a gas turbine

engine component.

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



[0007]FIG. 2 is a flow diagram of a method for dimensionally restoring a
gas turbine engine component. 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
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non-metal additives. As discussed below, the diffusion bonding process allows base part 12 and
top part 14 to be fabricated from materials that are substantially the same, thereby preserving the
physical and mechanical properties of turbine engine component 10. As used herein, the term
“substantially the same”, when used to describe material compositions, refers to compositions
that are within standard manufacturing tolerances for the given materials.

[0010] Foil 16 is a nanoparticle alloy foil disposed between faying surfaces 18 and 20,
which assists the diffusion bonding process to join base part 12 and top part 14. Foil 16 is
derived from an alloy that is desirably substantially the same as the compositions of base part 12
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
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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

component 10. For example, for components that are subjected to high

temperatures and pressures of a high-pressure turbine stage (e.g., turbine

blades and vanes), suitable materials for base part 12 and top part 14

include superalloys having directionally-solidified or single-crystal
»microstructures. Examples of suitable materials for each of base part 12
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line at the interface of faying surfaces 18 and 20. Examples of suitable
thicknesses for foil 16 (referred to as film thickness 22) include
thicknesses of about 100 micrometers or less, with particularly suitable
film thicknesses ranging from about 2 micrometers to about 50
micrometers, and with even more particularly suitable film thicknesses
ranging from about 10 micrometers to about 25 micrometers. Examples of
commercially available thin-film, nanoparticle alloy foils that are suitable
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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, when base part 12 and top part 14 are
each fabricated from substantially the same single-crystal su&ejralloys,
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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.
Altemnatively, 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 12 and top part 14 may be closed together, thereby positioning foil 16
between faying surfaces 18 and 20. 10020]A diffusion bonding process is
then performed on base part 12, top part 14, and foil 16 (step 32), which is
performed in same manner as discussed above. This interdiffuses at least
a portion of the materials of base part 12, top part 14, and foil 16 in a
solid-state manner. As discussed above, the interdiffusion forms a
solid-state bond between base part 12 and top part 14 at the interface of
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single-crystal microstructures). As such, the physical and mechanical

10020}y pertiBs BB BRGIHECERH SN RSEETLSBIRY RS BstguRRE 14, and

foil wgwejj}npaaﬁunbii@lgeemﬁiﬂ@i' ° aftenibengiffiusiondneasiag dU@g@SSFFﬁs interdéfﬁlses at
complete, the resulting turbine engine component 10 may be cooled, an

least ﬁﬁﬂi@?&oogﬁ%d?ﬁ?&%sp%fg[’% mﬁ%@&g@aé%@ k) 1o iPekapfghaiate manner

As distudtdeabingingcontpdin@siohdoniay dmdiergata pasi harddnbaty piag Bnehd top part
leaning process.to remove any e s material that resulted from the

14 ot G R BFot et LA S oA BOoFAE O Wy al i pat 14 t0

retain cabt@d witipaneor maredayersdo piowide dixidizatady; abihafiah, and/ongle-crystal

niero5TIALIeSIS aNGE. 0021 1Whe method 24 Riscussed AROYE Wil coumponen
reference fo a dimensional restoration proceé’s, Riethod 2418 also sutable”

10 arefpresgadn fmambizguamgwihingaerigihacomgpenehtisr itretd fteordpmodalg process

, e jal i | i '

o I S TR more

post-bpedipetrasqeiesd siapiSd) of kiifferemiie talpastsnsivgcaraipusivn! Bondingndergo a
post-bﬁﬁﬁ%émtlligaaﬂ@@%ﬂ{ﬁg'&é@&é&%ﬁ%@@ﬁy QRIOE RERSRA IMERERRA from the

as been described with reference to preferred embodiments, workers
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layers @€ tailvdthoutidenahting {im, thrrepiibansl sceRmet the invention.

[0021] While method 24 is discussed above with reference to a dimensional restoration
process, method 24 is also suitable for use in manufacturing 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.



CLAIMS: 1. A method for joining a first metal part and a second metal
part of a gas turbine engine component, the method comprising:
positioning a nanoparticle foil between a faying surface of the first metal
part and a faying surface of the second metal part, the nanoparticle foil
having a film thickness of about 100 micrometers or less, and comprising
an alloy having an average patrticle size of about 500 nanometers or less,
wherein the first metal part and the second metal part are derived from
C%ilgﬁl/é'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: and diffusion gondin the first metal part .
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joining a first metal part and a second metal part of a gas turbine engine

componeﬁ%‘,blﬂé'?ﬂépﬂo@%?ﬁﬁ?%in@?d wherein the alloy ef mlanopariicle foil is

substantially the same as the alloys of the firstainpart and the second
metal part; and

diffusion bonding the first metal part and theca® metal part with the
nanopatrticle foil.

2. The method of claim 1, wherein the averageigarsize of the alloy of the
nanopatrticle foil is about 100 nanometers or less.

3. The method of claim 2, wherein the averageigarsize of the alloy of the

nanopatrticle foil is about 50 nanometers or less.

4. The method of claim 1, wherein the film thickeef the nanoparticle foil ranges
from about 2 micrometers to about to about 50 maters.

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

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

6. A method for joining a first metal part andexsend metal part of a gas turbine
engine component, the method comprising:
positioning a nanopatrticle foil between a fayingface of the first metal part and

a faying surface of the second metal part, the partizle foil having a film



positioning a nanoparticle foil between a faying surface of the first metal
part and a faying surface of the second metal part, the nanoparticle foil
having a film thickness of about 100 micrometers or less, and comprising
an alloy having an average particle size of about 500 nanometers or less,
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-hased su rallo cobalt-b sed supera
ombmat S A LA RS (L s AECIFAN Aly having
second nmteﬂ\;magﬂlqbarhelemaﬂmmlﬁoa nfhmmbtm&ijhmgla firstalloys

metal pa”fj%“"fd fro”}@ it aioy and g eCC%aF' s nrér‘%'c‘?“é{r E9f each
a second Al 0y, the: methol CompriSiRg. positioning at feast o

nanopartlcdmfmlstﬁaemveeatar[aiyﬁ"@exuefdcbcnﬁthbdl@[qupta:m@vﬁndid(el -based
fayi least | I
aying S”gﬁﬁ é&e Sstfo?@f?ﬂagout 1 Erﬁif%;% SRS HIRIRIRRALLE S iy

having a |crometers or less, and comprising
caf&warawqa\@@ﬁb%lﬁrat/@nggai particledkihe ereEktDataE MR Hangmite raastoparticle

foil€ss, 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

7. part anghEiRRe e imBER P ars: heatlpiie Heshingial ParsithGeepada second

metal part, and the at least one nanoparticle foil to an elevated

m%@h%?aﬂ?(&%ﬁ‘?ﬁbé&ﬁﬁ%%@@ﬁ Fo IR IS part and the
sechf@lslmﬁm@@nt tbatisapieaiandpainticlte faip mediemrs/iabthe fissicaldthe first

the second a andr'g e third. aIIo the elevated temperatu et thet I%st one
alowing CEREDaTTo3 the JENTR R T S Ao e e
partially imzmdipursiele foil having a film thickness of abdlﬂo micrometers or less,
and comprising a third alloy having an averageigartsize of about 500
nanometers or less, wherein the first metal paitthe second metal part are
derived from alloys that are substantially the saamel wherein the alloy of
the nanopatrticle foil is substantially the samehasalloys of the first metal
part and the second metal part;
heating the first metal part, the second metal pad the at least one nanopatrticle
foil to an elevated temperature; and
inducing a pressure to the first metal part amdstecond metal part that is greater
than interatomic forces of the first alloy, the @ed alloy, and the third alloy
at the elevated temperature, thereby allowing ire &lloy, the second

alloy, and the third alloy to at least partiallyardiffuse.

8. The method of claim 7, wherein the averageiglarsize of the third alloy is

about 100 nanometers or less.

9. The method of claim 8, wherein the averageiglarsize of the third alloy is

about 50 nanometers or less.



8. The method of claim 7, wherein the average patrticle size of the third

alloy is about 100 nanometers or less. 9. The method of claim 8, wherein

the average particle size of the third alloy is about 50 nanometers or less.

10. The method of claim 7, wherein the elevated temperature is less than

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

11. The method of claim 10, wherein the elevated temperature ranges

from _gbout 1000C bout_1300C. 12. A method for restoring a turhine .
10 g DO BRED (e o R LR gE oV RETIRIA Ragsd o meling
tempedial ool thbdisst mikiyg) arsettne aikbijerenting abboyponent to

provide a faying surface of the base metal part, wherein the base metal

part comprises a first alloy; cleaning the faying surface of the base metal
11part; The clezthiviy affalamg dixfagkeséin rdEacevamripwaiupartafghe from about
10%@%%{#30?1%8@.%”'[' the replacement metal part comprising a

alloy;

secon

o

12. A method for restoring a turbine engine congminthe method comprising:

removing damaged material from a base metal parthe turbine engine
component to provide a faying surface of the baswhpart, wherein the base metal part
comprises a first alloy;

cleaning the faying surface of the base metal part

cleaning a faying surface of a replacement metat pf the turbine engine
component, the replacement metal part comprissegcand alloy;

positioning a nanoparticle foil between the fayswgface of the base metal part
and the faying surface of the replacement metd| gae nanoparticle foil having a film
thickness of about 100 micrometers or less, andpasing a third alloy having an
average particle size of about 500 nanometersser &nd

interdiffusing at least a portion of the firstal| the second alloy, and the third

alloy in a solid-state manner.

13. The method of claim 12, wherein the averagéigha size of the third alloy is
about 100 nanometers or less.

14. The method of claim 13, wherein the averagéigharsize of the third alloy is

about 50 nanometers or less.
15. The method of claim 14, further comprising thgathe base metal part, the

replacement metal part, and the nanoparticle fodn elevated temperature, wherein the

interdiffusing is performed at the elevated tempem

10



positioning a nanoparticle foil between the faying surface of the base
metal part and the faying surface of the replacement metal part, the
nanoparticle foil having a film thickness of about 100 micrometers or less,
and comprising a third alloy having an average patrticle size of about 500
nanometers or less; and interdiffusing at least a portion of the first
alloy, the second alloy, and the third alloy in a solid-state manner. 13. The

method of claim 12, wherein the average particle size of the third alloy is .
16 boul IBATRRREISEER 2 Va8 cthdVRdim PLPE e 250 Ateifflde third
allayenegsupatiiotayzehefsthadhird alloy is about 50 nanometers or less. 15.

The method of claim 14, 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. 16.The method of claim 12, wherein the first alloy, the
second alloy, and the third alloy are substantially the same.
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