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(54) A method of manufacturing a component with a cellular structure by consolidating a coated
metal powder

(57) A method of manufacturing a component
(10,20) by consolidating a metal powder comprises pre-
paring a metal powder, the metal powder comprising
metal particles (30). Depositing a coating (32) contain-
ing at least one element on the surfaces (34) of the metal
particles (30) of the metal powder. Applying heat and

pressure to consolidate the metal particles (30) such
that the at least one element of the coating (32) on the
surfaces (34) of the metal particles (30) partially diffuses
into the metal particles (30) and the coated metal parti-
cles (30) are diffusion bonded together to form a cellular
structure (36).
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Description

[0001] The present invention relates to a method of
manufacturing a component by consolidating a metal
powder.
[0002] Conventional alloys have their physical and
mechanical properties improved by modifying the micro-
structure of the alloys by processing and heat treatment
of the source ingot material, which is normally cast,
though powder billet may be used.
[0003] Near net shape components are manufactured
by consolidating metal powder, for example by hot iso-
static pressing. In the hot isostatic pressing process a
vacuum purge system is used so as to maintain the com-
position of the metal powder constant throughout the
consolidation process. The resulting component thus
has a homogeneous composition.
[0004] Accordingly the present invention seeks to pro-
vide a novel method of manufacturing a component by
consolidating a metal powder in which the microstruc-
ture of the metal of the component is modified and the
component has improved physical and mechanical
properties.
[0005] Accordingly the present invention provides a
method of manufacturing a component by consolidating
a metal powder comprising the steps of:-

(a) preparing a metal powder, the metal powder
comprising metal particles,
(b) depositing a coating containing at least one el-
ement on the surfaces of the metal particles of the
metal powder,
(c) applying heat and pressure to consolidate the
metal particles such that the at least one element
of the coating on the surfaces of the metal particles
partially diffuses into the metal particles and the
coated metal particles are diffusion bonded togeth-
er to form a cellular structure, the cellular structure
comprising a framework of more highly alloyed ma-
terial located at the boundaries of the diffusion
bonded metal particles and the centres of the con-
solidated metal particles retain their original com-
position.

[0006] Preferably step (b) comprises oxidising the
surfaces of the metal particles.
[0007] Alternatively step (b) comprises nitriding the
surfaces of the metal particles.
[0008] Alternatively step (b) comprises vapour depos-
iting a solid solution strengthening element on the sur-
faces of the metal particles.
[0009] Alternatively step (b) comprises coating the
surfaces of the metal particles with a second metal hav-
ing lower melting point than the metal particles.
[0010] Alternatively step (b) comprises coating the
surfaces of the metal particles with particles of a second
metal powder having a lower yield strength than the met-
al particles.

[0011] Preferably the metal particles have an average
size of 100 micrometers. Preferably the metal particles
have a maximum size of 250 micrometers.
[0012] Alternatively the size of the metal particles may
be varied to vary the properties of the component.
[0013] The metal particles may be alloy particles.
[0014] The second metal may be an alloy.
[0015] The second metal particles may be alloy par-
ticles.
[0016] Preferably the metal particles are titanium alloy
particles. More preferably the titanium alloy particles
comprise 6wt% aluminium, 4wt% vanadium and the bal-
ance titanium, minor additions and incidental impurities.
[0017] Preferably the step a) comprises supplying the
titanium alloy particles into a container, step b) compris-
es oxidising the titanium alloy particles, step c) compris-
es sealing the container and applying heat and pres-
sure.
[0018] Preferably step b) comprises heating to a tem-
perature of 450°C and maintaining at 450°C for 8 hours
under a partial pressure of 10-1 torr to oxidise the titani-
um alloy particles and step c) comprises hot isostatic
pressing the container at a temperature of 925°C for 2
hours at a pressure of 150MPa.
[0019] Preferably the container is removed by ma-
chining or dissolving in a suitable acid. Preferably the
container comprises mild steel.
[0020] The present invention also provides a compo-
nent comprising consolidated metal powder, the metal
powder comprising metal particles diffusion bonded to-
gether, the surfaces of the metal particles having a coat-
ing having at least one element which has partially dif-
fused into the metal particles to form a cellular structure,
the cellular structure comprising a framework of more
highly alloyed material located at the boundaries of the
diffusion bonded metal particles and the centres of the
consolidated metal particles retain their original compo-
sition.
[0021] Preferably the coating comprising an oxide or
a nitride and the at least one element is oxygen or nitro-
gen respectively.
[0022] Alternatively the coating comprises a solid so-
lution strengthening element on the surfaces of the met-
al particles.
[0023] Alternatively the coating comprises a second
metal having lower melting point than the metal parti-
cles.
[0024] Alternatively the coating comprises a second
metal powder having a lower yield strength than the met-
al particles.
[0025] Preferably the metal particles are titanium alloy
particles. More preferably the titanium alloy particles
comprise 6wt% aluminium, 4wt% vanadium and the bal-
ance titanium, minor additions and incidental impurities.
[0026] Preferably the component is a gas turbine en-
gine component.
[0027] Preferably the component is a fan blade, a part
of a fan blade, a compressor blade or a casing.
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[0028] The present invention will be more fully de-
scribed by way of example with reference to the accom-
panying drawings in which:-

Figure 1 shows a component, which has been man-
ufactured by consolidating a metal powder accord-
ing to the present invention.
Figure 2 shows a further component, which has
been manufactured by consolidating a metal pow-
der according to the present invention.
Figure 3 shows an enlarged cross-sectional view
through a portion of the metal powder before the
start of the manufacturing process according to the
present invention.
Figure 4 shows an enlarged cross-sectional view
through a portion of the metal powder at a first stage
of the manufacturing process according to the
present invention.
Figure 5 shows an enlarged cross-sectional view
through a portion of the metal powder at the end of
the manufacturing process according to the present
invention.

[0029] A component 10, in this example a casing, is
shown in figure 1 and a further component 20, in this
example a fan blade, is shown in figure 2 are manufac-
tured by consolidating a metal powder according to the
present invention.
[0030] The present invention uses a metal powder
consolidation process to produce a cellular structure in-
to a component 10 or 20 in which the normal alloy com-
position is held within a framework of interstitial alloy or
solid solution strengthened alloy.
[0031] The method of manufacturing a component 10,
or 20, by consolidating a metal powder comprises pre-
paring a metal powder, the metal powder comprising
metal particles 30. The metal particles ideally should
have a narrow particle size, diameter, range, although
this is not essential. For example the metal particles 30
have an average size of 100 micrometers and the metal
particles 30 have a maximum size of 250 micrometers.
A coating 32 containing at least one element is depos-
ited on the surfaces 34 of the metal particles 30 of the
metal powder. Heat and pressure is then applied to con-
solidate the metal particles 30 such that the at least one
element of the coating 32 on the surfaces 34 of the metal
particles 30 partially diffuses into the metal particles 30
and the coated metal particles 30 are diffusion bonded
together to form a cellular structure 36. During the con-
solidation of the metal particles 30, the roughly spherical
metal particles 30 are deformed to a polyhedral shape.
This results in a framework of more highly alloyed ma-
terial 38 located at the boundaries of the diffusion bond-
ed metal particles 30, or adjacent the original surfaces
34 of the metal particles 30. Because there is only lim-
ited diffusion of the at least one element from the coating
32 into the metal particles 30, the centres 40 of the con-
solidated metal particles 30 retain their original compo-

sition and thus a cellular structure 36 is created.
[0032] The properties of the cellular structure 36 are
dependent on the size, diameter, of the metal particles
30 of the metal powder, e.g. the dimensions of the re-
sulting centres 40, and the at least one element in the
coating 32. Thus the size, diameter, of the metal parti-
cles 30 may be varied to vary the properties of the cel-
lular structure 36 and hence the physical and mechan-
ical properties of the component 10 or 20. The coating
32 for the metal particles 30 may be varied to vary the
properties of the cellular structure 36 and hence the
physical and mechanical properties of the component
10 or 20.
[0033] The coating 32 may comprise an oxide, which
is produced by oxidising the surfaces 34 the metal par-
ticles 30 in oxygen or air. Alternatively the coating 32
may comprise a nitride, which is produced by nitriding
the surfaces 34 of the metal particles 30. Alternatively
the coating 32 may comprise a solid solution strength-
ening element, which is produced by vapour depositing
on the surfaces 34 of the metal particles 30. Alternatively
the coating 32 may comprise a second metal, having
lower melting point than the metal particles 30. Alterna-
tively the coating 32 comprises a second metal powder
having a lower yield strength than the metal particles 30.
The metal particles 30 may be alloy particles. The sec-
ond metal may be an alloy. The second metal particles
may be alloy particles. The metal particles may be tita-
nium alloy particles. More preferably the titanium alloy
particles comprise 6wt% aluminium, 4wt% vanadium
and the balance titanium, minor additions and incidental
impurities.
[0034] The present invention permits modification of
the material structure to enhance physical and mechan-
ical properties according to the laws of cellular struc-
tures. The present invention produces a cellular struc-
ture within a solid metallic component, the cellular struc-
ture improves the impact absorption properties, the duc-
tility and the strength of a conventional alloy. In addition
physical properties such as the elastic modulus, Pois-
son's Ratio, friction and damping characteristics are im-
proved.

Example 1

[0035] Titanium alloy particles comprising 6wt% alu-
minium, 4wt% vanadium and the balance titanium, mi-
nor additions and incidental impurities were prepared.
The titanium alloy particles were then filtered to the re-
quired titanium alloy particle size, 100 micrometers av-
erage size and 250 micrometers maximum size. The ti-
tanium alloy particles were poured through an inlet tube
into and filled a mild steel container, which defines the
shape of the component being produced. The container
was heated to a temperature of 450°C and maintained
at 450°C for 8 hours under a partial air pressure of 10-1

torr to oxidise the titanium alloy particles. The container
was then sealed by welding shut an inlet tube. The con-
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tainer was placed in a HIP vessel and hot isostatically
pressed at a temperature of 925°C for 2 hours at a pres-
sure of 150MPa. Then the container was removed from
the consolidated metal powder component by machin-
ing or dissolving in a suitable acid.
[0036] The use of a second metal, or second alloy,
which has a lower melting point the metal particles will
result in melting or evaporation of the second metal to
produce a coating on the metal particles. The use of a
second metal powder having a lower yield strength than
the metal particles will result in the second metal powder
deforming around the metal particles during consolida-
tion to produce the cellular structure.
[0037] The present invention may also be used to infill
metal powder particles into an existing hollow metal
structure, for example a hollow fan blade or hollow com-
pressor blade, and then to produce the cellular structure
within the existing hollow metal structure. Alternatively,
it may be possible to infill metal powder between at least
two metal workpieces, then to produce the cellular struc-
ture between the at least two metal workpieces and to
diffusion bond the cellular structure to the at least two
workpieces and to diffusion bond the at least two work-
pieces together, for example a fan blade.
[0038] The present invention may also be used to pro-
duce a hollow fan blade of a hollow compressor blade.
The mild steel container was provided with one or more
removable cores in the mild steel container to define one
or more chambers in the hollow fan blade, or hollow
compressor blade. The titanium alloy particles were
poured into the mild steel container to fill the space in
the mild steel container around the one or more remov-
able cores. The container was heated to 450°C and
maintained at 450°C for 8 hours under a partial air pres-
sure of 10-1 torr to oxidise the titanium alloy particles.
The container was then sealed by welding shut the inlet
tube. The container was placed in a HIP vessel and hot
isostatically pressed at a temperature of 925°C for 2
hours at a pressure of 150 MPa. Then the container was
removed from the consolidated metal powder hollow fan
blade, or hollow compressor blade, by machining or dis-
solving in a suitable acid. Then the removable cores
were removed. The removable cores may comprise an
inert metal, for example lead or other metal with large
atoms which are too large to diffuse into the titanium par-
ticles, having a lower melting point than the titanium al-
loy particles such that the hollow fan blade, or hollow
compressor blade, is heated to a temperature at which
the inert metal melts and is run out of the hollow fan
blade, or hollow compressor blade. Remnants of the
metal, may be removed from the hollow fan blade or hol-
low compressor blade, using a suitable solvent or a suit-
able acid. The removable cores may comprise mild steel
which may be removed with a suitable acid.
[0039] Alternatively, the hollow fan blade, or hollow
compressor blade may be produced by ensuring that the
container defines one or more chambers in the hollow
fan blade or hollow compressor blade. The chambers

are arranged to be pressurised during the hot isostatic
pressing.
[0040] The present invention may also entail machin-
ing a consolidated metal powder solid fan blade or solid
compressor blade to final shape.
[0041] The present invention is also applicable to ti-
tanium alloy particles comprising 6wt% aluminium,
2wt% tin, 4wt% zirconium, 2wt% molybdenum and the
balance titanium, minor additions or incidental impuri-
ties.
[0042] In the case of oxidising and nitriding the metal
particles, or alloy particles, the oxygen or nitrogen par-
tially diffuses into the metal particles, or alloy particles,
to form interstitials in the metal, or alloy and the normal,
or original, alloy composition at the centres of the con-
solidated metal particles, or alloy particles, is arranged
within a framework of more highly alloyed, interstitial al-
loy, material located at the boundaries of the diffusion
bonded metal particles, or alloy particles.
[0043] Although the present invention has been de-
scribed with reference to titanium alloys, the invention
is equally applicable to aluminium alloys, iron alloys,
nickel alloys, cobalt alloys and to intermetallics, for ex-
ample nickel aluminides, titanium aluminides.

Claims

1. A method of manufacturing a component (10,20) by
consolidating a metal powder comprising the steps
of:-

(d) preparing a metal powder, the metal powder
comprising metal particles (30),
(e) depositing a coating (32) containing at least
one element on the surfaces (34) of the metal
particles (30) of the metal powder,
(f) applying heat and pressure to consolidate
the metal particles (30) such that the at least
one element of the coating (32) on the surfaces
(34) of the metal particles (30) partially diffuses
into the metal particles (30) and the coated met-
al particles (30) are diffusion bonded together
to form a cellular structure (36), the cellular
structure (36) comprising a framework of more
highly alloyed material (38) located at the
boundaries of the diffusion bonded metal parti-
cles (30) and the centres (40) of the consolidat-
ed metal particles (30) retain their original com-
position.

2. A method as claimed in claim 1 wherein step (b)
comprises oxidising the surfaces (34) of the metal
particles (30).

3. A method as claimed in claim 1 wherein step (b)
comprises nitriding the surfaces (34) of the metal
particles (30).
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4. A method as claimed in claim 1 wherein step (b)
comprises vapour depositing a solid solution
strengthening element on the surfaces (34) of the
metal particles (30).

5. A method as claimed in claim 1 wherein step (b)
comprises coating the surfaces (34) of the metal
particles (30) with a second metal having lower
melting point than the metal particles (30).

6. A method as claimed in claim 1 wherein step (b)
comprises coating the surfaces (34) of the metal
particles (30) with particles of a second metal pow-
der having a lower yield strength than the metal par-
ticles (30).

7. A method as claimed in any of claims 1 to 6 wherein
the metal particles (30) are alloy particles.

8. A method as claimed in claim 5 wherein the second
metal is an alloy.

9. A method as claimed in claim 6 wherein the second
metal particles are alloy particles.

10. A method as claimed in claim 7 wherein the metal
particles (30) are titanium alloy particles.

11. A method as claimed in claim 10 wherein the titani-
um alloy particles (30) comprise 6wt% aluminium,
4wt% vanadium and the balance titanium, minor ad-
ditions and incidental impurities.

12. A method as claimed in claim 11 wherein step a)
comprises supplying the titanium alloy particles (30)
into a container, step b) comprises oxidising the ti-
tanium alloy particles (30), step c) comprises seal-
ing the container and applying heat and pressure.

13. A method as claimed in claim 12 wherein step b)
comprises heating to a temperature of 450°C and
maintaining at 450°C for 8 hours under a partial
pressure of 10-1 torr to oxidise the titanium alloy par-
ticles (30) and step c) comprises hot isostatic press-
ing the container at a temperature of 925°C for 2
hours at a pressure of 150MPa.

14. A method as claimed in claim 12 or claim 13 wherein
the container is removed by machining or dissolving
in a suitable acid.

15. A method as claimed in claim 12, claim 13 or claim
14 wherein the container comprises mild steel.

16. A method as claimed in any of claims 1 to 15 where-
in the metal particles (30) have an average size of
100 micrometers.

17. A method as claimed in any of claims 1 to 16 where-
in the metal particles (30) have a maximum size of
250 micrometers.

18. A method as claimed in any of claims 1 to 15 where-
in the size of the metal particles (30) is varied to
vary the properties of the component (10,20).

19. A component (10,20) comprising consolidated met-
al powder, the metal powder comprising metal par-
ticles (30) diffusion bonded together, the surfaces
(34) of the metal particles (30) having a coating hav-
ing at least one element, which has partially diffused
into the metal particles (30) to form a cellular struc-
ture (36), the cellular structure (36) comprising a
framework of more highly alloyed material (38) lo-
cated at the boundaries of the diffusion bonded met-
al particles (30) and the centres (40) of the consol-
idated metal particles (30) retain their original com-
position.

20. A component as claimed in claim 19 wherein the
coating (34) comprising an oxide or a nitride and the
at least one element is oxygen or nitrogen respec-
tively.

21. A component as claimed in claim 19 wherein the
coating comprises a solid solution strengthening el-
ement on the surfaces of the metal particles (30).

22. A component as claimed in claim 19 wherein the
coating (34) comprises a second metal having low-
er melting point than the metal particles (30).

23. A component as claimed in claim 19 wherein the
coating (34) comprises a second metal powder hav-
ing a lower yield strength than the metal particles
(30).

24. A component as claimed in any of claims 19 to 23
wherein the metal particles (30) are titanium alloy
particles.

25. A component as claimed in claim 24 wherein the
titanium alloy particles (30) comprise 6wt% alumin-
ium, 4wt% vanadium and the balance titanium, mi-
nor additions and incidental impurities.

26. A component as claimed in any of claims 19 to 25
wherein the component (10,20) is a gas turbine en-
gine component.

27. A component as claimed in claim 26 wherein the
component is a fan blade (20), a part of a fan blade,
a compressor blade or a casing (10).
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