
METHOD FOR DIFFUSION BONDING METALLIC COMPONENTS WITH  NANOPARTICLE FOIL
BACKGROUND  [0001] The 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 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 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 improvements to the existing joining techniques to meet the more
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 metal part of a gas turbine engine component. The method
includes positioning a thin- film, nanoparticle foil between faying surfaces
of the first and second metal parts, and diffusion  bonding the first and
second metal parts with 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  



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
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
and top part 14 include nickel-based superalloys, cobalt-based superalloys,
and  combinations thereof, and may also include one or more additional
materials such as titanium,  chromium, niobium, hafnium, tantalum,
molybdenum, tungsten, aluminum, carbon, and iron. As  used herein, the term
"metal part" refers to a part that is derived primarily from one or more
metals, but may also include low concentrations (e.g., less than about 10
percent by weight) of  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. [00101 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. [00111 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 particle sizes including
sizes of about 50 nanometers or less, and with even more particularly
suitable average particle sizes including sizes of about 20 nanometers or
less. In one  embodiment, the nanoparticle alloy of foil 16 is substantially
free of large particles. In this  embodiment, examples of suitable maximum
particle sizes for foil 16 include particles sizes of  about 500 nanometers,
with particularly suitable maximum particles sizes for foil 16 including
particles sizes of about 100 nanometers, and with even more particularly
suitable maximum  particles sizes for foil 16 including particles sizes of
about 50 nanometers. [00121 Foil 16 is also desirably a thin-film foil,
which reduces the formation of a bond  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 for use in the diffusion bonding process
include nanomaterial foils available  from Integran Technologies, Inc.,
Pittsburgh, PA. In one embodiment, foil 16 may be treated to  exhibit
surface roughness on one or both major surfaces of foil 16 (i.e., the
surfaces facing faying  surfaces 18 and 20). This assists in instigating a
resistance effect during the diffusion bonding  process. 100131 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 10"4 Torr) or less, with more particularly
suitable pressures including about 1.3  millipascals (about 10-5 Ton) or
less. In alternative embodiments, the diffusion bonding process  may be
performed in an insert gas atmosphere (e.g., argon). 4 [00141 The diffusion
bonding process involves exposing base part 12 and top part 14 to  an
elevated temperature and applying a pressure upon base part 12 and/or top
part 14, thereby  forcing faying surfaces 18 and 20 together against foil
16. The pressure may be applied to base  part 12, top part 14, or both, in a
uniaxial or isostatic manner. Suitable pressures for the  diffusion bonding
process include pressures that are within the range of interatomic forces of
the  materials of base part 12, top part 14, and foil 16. This allows the
materials of base part 12 and  top part 14 to interdiffuse with each other
and with the nanoparticle alloy of foil 16. The applied  pressure is also
desirably less than pressures that cause macrodeformations of the materials
of  base part 12 and top part 14, thereby preserving the structural
integrities of base part 12 and top  part 14. The pressure required to reach
the range of the material interatomic forces is also  dependent on the
elevated temperature used in the diffusion bonding process. Examples of
suitable elevated temperatures for use in the diffusion bonding process
include temperatures that  are less than the melting point temperatures of
the materials of base part 12, top part 14, and foil  16, with particularly
suitable elevated temperatures ranging from about 1000C to about 1300C,  and
with even more particularly suitable elevated temperatures ranging from
about 1100C to  about 1200C. [00151 The 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 1230C) 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  1175C) and is maintained for a
longer duration (e.g., about 4 hours). 100161 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,  5 when base part 12 and top part 14 are each fabricated from
substantially the same single-crystal  superalloys, and where foil 16 is
derived from a nanoparticle alloy having substantially the same  composition
as the single-crystal superalloys, the resulting turbine engine component 10
substantially retains the single-crystal microstructure of base part 12 and
top part 14 at the  interface of faying surfaces 18 and 20. This preserves
the physical and mechanical properties of  turbine engine component 10.
100171 FIG. 2 is a flow diagram of method 24 for dimensionally restoring a
gas turbine  engine component with the use of the above-discussed diffusion
bonding process. The following  discussion of method 24 is made with
reference to turbine engine component 10 (shown in FIG.  1) with the
understanding that method 24 is suitable for use in joining a variety of
different metal  parts with the use of a nanoparticle foil. As shown, method
24 includes steps 26-34, and initially  involves removing damaged material
from one or more regions of base part 12 (step 26). During  the course of
operation in a gas turbine engine, base part 12 may be subjected to wear and
oxidation conditions, which results in damaged material on base part 12. As
such, removal of  the damaged material is required to dimensionally restore
turbine engine component 10 with top  



part 14. Accordingly, top part 14 is a replacement part that desirably has
dimensions that match  the dimensions of the removed damaged material.
[00181 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. [00191 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.  Alternatively, 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  6 part 12 and top part 14 may be closed together, thereby
positioning foil 16 between faying  surfaces 18 and 20. 100201 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 faying surfaces 18 and 20, which allows base part 12
and top part 14 to  retain their respective microstructures (e.g.,
directionally-solidified or single-crystal  microstructures). As such, the
physical and mechanical properties of turbine engine component  10 are
preserved for subsequent use in a gas turbine engine. After the diffusion
bonding process  is complete, the resulting turbine engine component 10 may
be cooled, and undergo one or more  post-bonding processes (step 34). For
example, turbine engine component 10 may undergo a  



post-bond machining and cleaning process to remove any excess material that
resulted from the  diffusion bonding process. Turbine engine component 10
may also be coated with one or more  layers to provide oxidization,
abrasion, and/or thermal resistance. 100211 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. 100221 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. 7
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
laying 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; and
diffusion bonding the first metal part and the second metal part with the
nanoparticle foil. 2. The method of claim 1, wherein the average particle
size of the alloy of the  nanoparticle foil is about 100 nanometers or less.
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
selected from the group consisting of  nickel-based superalloys,
cobalt-based superalloys, and combinations thereof. 8 8. A method for
joining a first metal part derived from a first alloy and a second  metal
part derived from a second alloy, the method comprising: positioning at
least one nanoparticle foil between a faying surface of the first  metal
part and a faying surface of the second metal part, the at least one
nanoparticle foil having a film thickness of about 100 micrometers or less,
and comprising a third alloy having an average particle size of about 500
nanometers or less; heating the first metal part, the second metal part, and
the at least one nanoparticle  foil to an elevated temperature; and inducing
a pressure to the first metal part and the second metal part that is greater
than interatomic forces of the first alloy, the second alloy, and the third
alloy at the elevated temperature, thereby allowing the first alloy, the
second alloy, and the third alloy to at least partially interdiffuse. 9. The
method of claim 8, wherein 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. 11. 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. 12.
The method of claim 11, wherein the elevated temperature ranges from about  



1000C to about 1300C. 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:  9
removing damaged material from a base metal part of the turbine engine
component 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 part; cleaning a faying surface of a replacement metal part of
the turbine engine  component, the replacement metal part comprising a
second alloy;  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 particle 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. 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 diffusion bond formed
between the first metal part and the second metal part  with a 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. 20. The metal component of claim 19, wherein the average particle
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. 11 


