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(54) MANUFACTURING METHOD AND POST-PROCESSING TREATMENT

(57) The present invention provides a processing
method for processing a component formed by an ALM
method using a γ’-strengthened superalloy having a γ’
solvus temperature. The processing method comprises:
1) surface finishing of the component; 2) hot isostatic
pressing of the component at a temperature below the γ’
solvus temperature; 3) solution heat treating the compo-

nent at a temperature at or above the γ’ solvus temper-
ature but below the solidus temperature; 4) primary aging
of the component at a primary aging temperature for a
first aging time; and 5) secondary aging of the component
at a secondary aging temperature for a second aging
time.
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Description

Field of the Invention

[0001] The present invention relates to a method of
processing a component formed by additive layer man-
ufacturing. In particular, the present invention relates to
a method of processing a γ’-strengthened superalloy
component (e.g. a gas turbine component) formed by
additive layer manufacturing to reduce crack formation
and enhance high temperature performance of the com-
ponent.

Background of the Invention

[0002] In the aerospace industry, components manu-
factured by additive layer manufacturing (ALM) methods
can have significant performance and weight advantages
over components manufactured by more traditional
methods.
[0003] Powder bed ALM methods construct compo-
nents layer by layer by depositing powder on a base plate
and then selectively consolidating the powder using a
laser or other heat source. These steps are repeated to
produce a three dimensional component.
[0004] Superalloys are alloys designed for high per-
formance at elevated temperatures and typically have
excellent mechanical strength and thermal creep resist-
ance making them especially suited for the formation of
turbines and combustors in gas turbine aeroengines. Use
of certain superalloys such as precipitation-strengthened
nickel superalloys in ALM methods is problematic. These
alloys contain high amounts of aluminium and titanium
which promote the formation of a γ’ intermetallic phase
which is highly ordered and thus significantly increases
mechanical strength. It also presents a barrier to dislo-
cation motion within the superalloy crystal structure thus
improving creep resistance. However, the microstructure
which results in these desirable characteristics also re-
sults in a brittleness that makes a component formed
from the superalloy prone to cracking. In turn, this makes
the γ’-strengthened superalloys notoriously difficult to
weld and thus difficult to use in ALM methods.
[0005] Previous ALM methods using nickel superal-
loys such as Mar-M-247 have subjected the component
to post-ALM processing steps including heating the com-
ponent in excess of its operating temperature and laser
melting the surface of the component prior to subjecting
the surface-sealed component to hot isostatic pressing
(HIP). This method presents the problem that any gases
sealed within the cracks must be dissolved into the alloy
upon HIP and are subsequently prone to release from
the superalloy at elevated temperatures thus reforming
voids within the component.
[0006] GB 2506494 discloses a method where a
number of post-ALM processing steps are carried out on
a low-carbon superalloy nickel component (CM247LC).
These processing steps include: loose powder removal;

applying a compressive stress to the component using
mechanical impact e.g. by peening; hot isostatic process-
ing after reducing the mass of the base plate; solution
heat treatment (at 1260°C for 2 hours); and precipitation
hardening (at 871°C for 20 hours).
[0007] There are a number of disadvantages associ-
ated with this known processing method. Firstly, applying
a compressive stress to the component may introduce
undesired distortion especially in thin-walled compo-
nents. The application of compressive stress may also
result in sub-surface tensile stresses that can promote
cracking. When peening is used to introduce the com-
pressive stress, the semi-fused powder particles on the
component surface may be folded to form laps on the
surface which will hinder non-destructive evaluation of
the component. Furthermore, the media size used for
introducing the compressive stress may result in block-
age of small internal features such as film cooling holes
on turbine and combustor components.
[0008] The conventional heat treatment parameters
used in the prior art HIP, solution heat treatment and
precipitation hardening steps result in a non-optimal
microstructure i.e. non-optimal distribution of γ’ (and car-
bide) precipitates and thus the high temperature perform-
ance of the component is compromised by poor tensile
and creep ductility.
[0009] It is an aim of the present invention to provide
a method of processing a component produced by ALM
methods using a precipitation strengthened superalloy
that results in a microstructure that is metallurgically sta-
ble and results in improved high temperature mechanical
strength including reduced creep rupture.

Summary of the Invention

[0010] In a first aspect, the present invention provides
a processing method for processing a component formed
by an ALM method using a γ’-strengthened superalloy
having a γ’ solvus temperature, the processing method
comprising:

hot isostatic pressing of the component at a temper-
ature below the γ’ solvus temperature; and
subsequently solution heat treating the component
at a temperature at or above the γ’ solvus tempera-
ture but below the solidus temperature.

[0011] The inventors have found that hot isostatic
pressing of the component at a temperature below the γ’
solvus temperature results in the closing of internal ab-
normalities such as cracks and voids without the risk of
incipient melting whilst the subsequent solution treat-
ment above the γ’ solvus temperature dissolves the γ’
phase and results in a recrystallized and homogenised
microstructure with randomly oriented grains. The micro-
structure obtained has been found to have serrated grain
boundaries which are known to improve crack growth
resistance of superalloys.
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[0012] Optional features of the invention will now be
set out. These are applicable singly or in any combination
with any aspect of the invention.
[0013] The hot isostatic pressing (HIP) of the compo-
nent is carried out at a temperature below the γ’ solvus
temperature for the superalloy.
[0014] The γ’ solvus temperature and solidus temper-
ature is typically measured using Differential Scanning
Calorimetry (DSC). To generate DSC data, heating rates
of 10°C/min for measurements may be used.
[0015] The HIP may be carried out at a temperature
range of 10 to 70°C e.g. 20 to 70°C or 10 to 60°C below
the γ’ solvus temperature.
[0016] For example, where the superalloy is CM247LC
which has a γ’ solvus temperature of around 1260°C, the
HIP of the component may be carried out at a tempera-
ture below 1260°C, e.g. at around 1230°C. For example,
for CM247LC, the HIP of the component may be carried
out in a temperature range of 20 to 70°C below the γ’
solvus temperature (e.g. between 1190 to 1240°C).
[0017] Where the superalloy is CMSX4 which has a γ’
solvus temperature of around 1300°C, the HIP of the
component may be carried out at a temperature below
1300°C. For example, for CMSX4, the HIP of the com-
ponent may be carried out in a temperature range of 10
to 70°C below the γ’ solvus temperature (e.g. between
1230 to 1290°C).
[0018] Where the superalloy is CMSX486 which has a
γ’ solvus temperature of around 1310°C, the HIP of the
component may be carried out at a temperature below
1310°C. For example, for CMSX486, the HIP of the com-
ponent may be carried out in a temperature range of 10
to 70°C below the γ’ solvus temperature (e.g. between
1240 to 1300°C).
[0019] Where the superalloy is IN738LC which has a
γ’ solvus temperature of around 1170°C, the HIP of the
component may be carried out at a temperature below
1170°C. For example, for IN738LC, the HIP of the com-
ponent may be carried out in a temperature range of 10
to 60°C below the γ’ solvus temperature (e.g. between
1110 to 1160°C).
[0020] The inventors have found that carrying out the
HIP at a temperature below the γ’ solvus temperature
achieves the required reduction in the voids and crack
within the component whilst avoiding any risk of incipient
melting during the HIP process. Furthermore, the lower
temperature reduces the energy and therefore cost of
the HIP process.
[0021] The HIP of the component may be carried out
for 1 to 4 hours. A pressure of 100-150 MPa may be used.
[0022] The subsequent solution heat treatment of the
component is carried out at or above the γ’ solvus tem-
perature but below the solidus temperature (to avoid in-
cipient melting). For example, where the superalloy is
CM247LC which has a γ’ solvus temperature of around
1260°C, the solution heat treatment of the component
may be carried out at a temperature or above 1260°C.
Where the superalloy is CMSX4 which has a γ’ solvus

temperature of around 1300°C, the solution heat treat-
ment of the component may be carried out at a temper-
ature or above 1300°C. Where the superalloy is
CMSX486 which has a γ’ solvus temperature of around
1310°C, the solution heat treatment of the component
may be carried out at a temperature or above 1310°C.
Where the superalloy is IN738LC which has a γ’ solvus
temperature of around 1170°C, the solution heat treat-
ment of the component may be carried out at a temper-
ature or above 1170°C.
[0023] The solution heat treatment may be carried out
for between 1-4 hours e.g. around 2 hours.
[0024] In some embodiments, the HIP of the compo-
nent is preceded by a surface finishing step such that the
present invention provides a processing method for
processing a component formed by an ALM method us-
ing a γ’-strengthened superalloy having a γ’ solvus tem-
perature, the processing method comprising:

surface finishing of the component;
hot isostatic pressing of the component at a temper-
ature below the γ’ solvus temperature; and
subsequently solution heat treating the component
at a temperature at or above the γ’ solvus tempera-
ture but below the solidus temperature.

[0025] The surface finishing step is applied to reduce
the extent of surface asperities which arise as a result of
semi-fused powdered superalloy particles from the ALM
method. If not reduced, the surface asperities act as in-
itiation sites for stress-assisted oxidation during subse-
quent HIP of the component which results in crack for-
mation. Typically such cracks form along grain bounda-
ries but have also been observed along cellular/dendritic
boundaries in components manufactured by ALM meth-
ods as a result of the high residual stresses arising from
the often complex geometry of the components. The sur-
face finishing step also acts to clean the component of
loose powder thus eliminating the need for a component
cleaning step as required in the prior art method.
[0026] The surface finishing may comprise grit blast-
ing. For example, it may comprise grit blasting at a pres-
sure below 90 psi e.g. at a pressure of between 30 to 60
psi. This helps to minimise distortion of the component.
The grit may be blasted at an angle of 60 to 85 degrees
normal to the surface of the component. This has been
shown to be effective a removal of surface asperities but
also introduces less plastic deformation and therefore
less compressive stress/cold work on the surface than
the prior art peening step which typically blasts the com-
ponent surface .
[0027] The blasting media may comprise alumina.
[0028] The blasting media may have an 80 to 220 mesh
particle size. This particle size is smaller than the peening
media used in the prior art and thus introduces less com-
pressive stress. Furthermore, blasting media of the
smaller size will pass through internal features such as
cooling holes (whilst finishing the internal surfaces) with-
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out creating a blockage.
[0029] The surface finishing may comprise abrasive
flow machining. Such surface finishing is especially use-
ful where component surfaces are not easily accessible.
[0030] The surface finishing step may be as described
below for the second aspect.
[0031] In a second aspect, the present invention pro-
vides a processing method for processing a component
formed by an ALM method using a γ’-strengthened su-
peralloy having a γ’ solvus temperature, the processing
method comprising:

surface finishing the component by blasting the sur-
face of the component using a blasting media at a
pressure less than 90 psi and/or at an angle of less
than 85 degrees to the surface.

[0032] The inventors have found that surface finishing
using a blasting media at a pressure less than 90 psi
and/or at an angle of less than 85 degrees to the surface
reduces surface asperities whilst minimising plastic de-
formation of the component surface. The inventors have
found that this minimises the thickness of a non-load
bearing recrystallized layer having a fine grain structure
that is prone to formation during subsequent HIP in prior
art methods as a result of the cold work/compressive
stress applied to the component surface. The fine grain
structure of this recrystallized layer is detrimental to creep
failure at high temperatures and also to crack growth re-
sulting from oxidative/corrosive processes.
[0033] The pressure may be between 30 and 60 psi.
[0034] The angle may be between 60-65 degrees to
the surface of the component.
[0035] The blasting media may have a particle size of
80-220 mesh.
[0036] The surface finishing of the second aspect may
be followed by the HIP and solution heat treatment of the
first aspect.
[0037] In some embodiments of the first and second
aspect, the solution heat treatment of the component is
followed by one or more precipitate hardening or aging
steps such that the present invention provides a process-
ing method for processing a component formed by an
ALM method using a γ’-strengthened superalloy having
a γ’ solvus temperature, the processing method compris-
ing:

hot isostatic pressing of the component at a temper-
ature below the γ’ solvus temperature;
subsequently solution heat treating the component
at a temperature at or above the γ’ solvus tempera-
ture but below the solidus temperature; and
subjecting the component to a primary aging step.

[0038] In some embodiments, the primary aging step
is followed by a secondary aging step.
[0039] The primary and/or secondary aging step(s)
may be as described below for the third aspect.

[0040] In a third aspect, the present invention provides
a processing method for processing a component formed
by an ALM method using a γ’-strengthened superalloy
having a γ’ solvus temperature, the processing method
comprising:

subjecting the component to a primary aging at a
primary aging temperature for a first aging time; and
subsequently subjecting the component to a second-
ary aging at a secondary aging temperature for a
second aging time,
wherein the primary aging temperature is greater
than the secondary aging temperature.

[0041] The inventors have found that applying a two-
step aging process comprising a higher primary aging
temperature and a lower secondary aging temperature
to a component can provide a bimodal distribution of the
γ’ precipitates with a cuboidal morphology which has
been found to improve tensile and creep ductility at high
temperatures.
[0042] The primary and secondary aging may be car-
ried out in a single heating cycle e.g. by heating the com-
ponent to the primary aging temperature and then sub-
sequently cooling to the secondary aging temperature.
[0043] The primary aging temperature may be greater
than 950°C e.g. between 950 and 1120 or between 980
and 1110°C.
[0044] The secondary aging temperature may be less
than 980°C (with the proviso that it is less than the primary
aging temperature) e.g. between 750 and 980°C such
as between 840 and 960°C or between 850 and 900°C.
[0045] The primary aging temperature may be be-
tween 980-1100°C where the superalloy is CM247LC
whilst the second aging temperature may be 840 to
900°C e.g. around 870°C. The primary aging tempera-
ture may be between 980-1120°C where the superalloy
is CMSX4 whilst the second aging temperature may be
850 to 960°C. The primary aging temperature may be
between 980-1120°C where the superalloy is CMSX486
whilst the second aging temperature may be 850 to
980°C. The primary aging temperature may be between
950-1100°C where the superalloy is IN738LC whilst the
second aging temperature may be 750 to 900°C.
[0046] In some embodiments, the first aging time is
shorter than the second aging time. For example, the first
aging time may be between 2 to 4 hours e.g. around 4
hours whilst the second aging time may be greater than
16 hours e.g. between 16 to 24 hours.
[0047] The inventors have found that the primary aging
step produces cuboidal γ’ precipitates which is known to
improve creep rupture of nickel superalloys. The second-
ary aging step produces finer γ’ precipitates within the
matrix formed by the larger cuboidal γ’ precipitates. This
has been found to increase creep ductility by raising total
plastic strain at failure.
[0048] The primary and secondary aging may be pre-
ceded by solution heat treatment of the component e.g.
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by solution heat treatment of the component at a tem-
perature at or above the γ’ solvus temperature but below
the solidus temperature. The solution heat treatment of
the component may be preceded by hot isostatic press-
ing of the component e.g. by hot isostatic pressing of the
component at a temperature below the γ’ solvus temper-
ature.
[0049] In some embodiments, the primary and second-
ary aging may be preceded by:

hot isostatic pressing of the component at a temper-
ature below the γ’ solvus temperature; and
subsequent solution heat treatment of the compo-
nent at a temperature at or above the γ’ solvus tem-
perature but below the solidus temperature.

[0050] The hot isostatic pressing and subsequent so-
lution heat treatment may be as described above for the
first aspect.
[0051] The hot isostatic pressing may be preceded by
surface finishing as described above for the second as-
pect.
[0052] An embodiment of the invention provides a
processing method for processing a component formed
by an ALM method using a γ’-strengthened superalloy
having a γ’ solvus temperature, the processing method
comprising:

1) surface finishing of the component by blasting with
a blasting media at a pressure below 90 psi and/or
at an angle less than 85 degrees to the surface of
the component;
2) hot isostatic pressing of the component at a tem-
perature below the γ’ solvus temperature;
3) solution heat treating the component at a temper-
ature at or above the γ’ solvus temperature but below
the solidus temperature;
4) primary aging of the component at a primary aging
temperature for a first aging time; and
5) secondary aging of the component at a secondary
aging temperature for a second aging time, wherein
the primary aging temperature is higher than the sec-
ondary aging temperature.

[0053] The processing methods described above are
applied to a component manufactured by an ALM meth-
ods using a γ’-strengthened superalloy having a γ’ solvus
temperature.
[0054] Accordingly, in a fourth aspect, the present in-
vention provides a method of manufacturing a compo-
nent comprising:

manufacturing the component using an ALM method
comprising:

depositing a layer of powdered material com-
prising γ’-strengthened superalloy having a γ’
solvus temperature on a base plate and fusing

at least a portion of said layer of powdered ma-
terial using an energy beam to form a first fused
layer of the component;
depositing a second layer of powdered material
comprising γ’-strengthened superalloy on the
first fused layer and fusing at least a portion of
said second layer of powdered material using
the energy beam to form a second fused layer
onto the first fused layer; and
depositing further layers of powdered material
comprising γ’-strengthened superalloy on the
second/subsequent fused layers and fusing at
least a portion of each of said further layers of
powdered material using the energy beam to
form third and subsequent fused layers of the
component until the desired three dimensional
component is obtained; and

processing the component using any one embodi-
ment of the processing method described above for
the first to third aspects.

[0055] The γ’-strengthened superalloy may be a nickel
superalloy. The superalloy may have a low carbon con-
tent e.g. between 0.03 to 0.08 %. The superalloy may be
CM247LC.
[0056] The powdered material may have a particle size
of between 15 and 60 microns. This has been found to
minimise surface roughness of the component which su-
presses crack initiation during the processing method.
[0057] The energy beam (e.g. laser) may be moved in
any known scan pattern. For example, the energy/laser
beam may be moved in a scan pattern and at a scan
speed as disclosed in GB2506494.
[0058] The component may be a turbine or compressor
component such as a blade or stator for use in a gas
turbine aero-engine.

Brief Description of the Drawings

[0059] Embodiments of the invention will now be de-
scribed by way of example with reference to the accom-
panying scanning electron microscope (SEM) images in
which:

Figures 1a and 1b show metallographic cross-sec-
tions of a component formed of CM247LC using an
ALM method and a prior art compressive stress/HIP
processing treatment;

Figures 2a and 2b show a comparison of the surface
of an ALM manufactured CM247LC component prior
to and post-surface finishing by grit blasting accord-
ing to an embodiment of the second aspect;

Figures 3a and 3b shows a recrystallized layer with
a fine grain structure obtained during grit blasting
according to an embodiment of the second aspect;
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Figure 4 shows serrated grain boundaries obtained
using the HIP and solution heat treatment steps ac-
cording to the first aspect of the present invention;
and

Figure 5 shows cuboidal morphology of γ’ precipi-
tates after the primary and secondary aging steps
according to the third aspect of the present invention.

Detailed Description and Further Optional Features of 
the Invention

[0060] A turbine or compressor component such as a
blade or stator for use in a gas turbine aero-engine is
manufactured using an ALM method in which a layer of
powdered CM247LC having a particle size of between
15 and 60 microns is deposited on a base plate and fused
into a 2D first fused layer using a scanning laser beam
to melt and fuse the powdered CM247LC. Next a second
layer of powdered CM247LC is deposited on the first
fused layer and fused into a 2D second fused layer using
the scanning laser beam, the second fused layer being
fused to the first fused layer.
[0061] The deposition and fusing of powdered
CM247LC is repeated until the desired 3D component is
formed from the 2D layers.
[0062] The component is first processed using a sur-
face finishing step which is applied to reduce the extent
of surface asperities which arise as a result of semi-fused
powdered CM247LC. If not reduced, the surface asper-
ities act as initiation sites for stress-assisted oxidation
during subsequent HIP of the component which results
in crack formation. Figure 1a shows a metallographic
cross-section through a CM247LC component formed
through ALM and then subjected to HIP (without the re-
duction of surface asperities). It can be seen that a crack
has initiated from a fissure in the component surface and
has grown as a result stress-assisted oxidation during
HIP. Although the vessel used for HIP is typically filled
with an inert gas such as argon, low (permitted) levels of
oxygen are typically present thus allowing the oxidative
process. Figure 1b shows the oxidation and void forma-
tion ahead of the crack tip under high resolution.
[0063] The surface finishing step also acts to clean the
component of loose powdered CM247LC.
[0064] The surface finishing comprises grit blasting us-
ing alumina particles having a particle size of 80-220
mesh at a pressure of 30 to 60 psi. This helps to minimise
distortion of the component. The grit is blasted at an angle
of 60 to 85 degrees normal to the surface of the compo-
nent. This has been shown to be effective in removal of
surface asperities but reduces compressive stress/cold
work on the surface.
[0065] Figures 2a and 2b are component cross sec-
tions showing a comparison of the surface of an ALM
manufactured CM247LC component prior to and post-
surface finishing by grit blasting. It can be seen that the
surface asperities are significantly reduced using the grit

blasting method of the second aspect of the invention.
Figure 2b shows a greatly improved surface finish.
[0066] Any portions of the component surface that are
not easily accessible e.g. internal bores may be surface
finished by abrasive flow machining.
[0067] Figures 3 and 3b show cross-sections through
the component before surface finishing and after surface
finishing according to the method of the second aspect
of the present invention. As can be seen in Figure 3b, a
recrystallized layer having a fine grain structure is pro-
duced at the surface (after subsequent HIP). The depth
of this layer (which has found to be non-load bearing) is
reduced to approximately 100 microns. Prior art peening
processes result in much greater plastic deformation at
the surface which increases the depth of the recrystal-
lized layer.
[0068] Next, the surface-finished component is sub-
jected to hot isostatic pressing (HIP) at a temperature
below the γ’ solvus temperature. The HIP is carried out
at a temperature of between 1190 and 1230°C over a
time period of 1-4 hours at a pressure of 100-150 MPa.
The lower end of this pressure range is preferred as this
minimises oxygen content which helps minimise stress
assisted oxidation. The heating rate is preferably be-
tween 50-100°C/min but lower heating rates of the known
commercial HIP vessels (e.g. around 3°C/min) may be
used.
[0069] The inventors have found that hot isostatic
pressing of the component at a temperature below the γ’
solvus temperature results in the closing of internal ab-
normalities such as cracks and voids without the risk of
incipient melting.
[0070] Next the component undergoes solution heat
treatment above the γ’ solvus temperature i.e. at or above
1260°C for 2 hours but below the solidus temperature (to
avoid incipient melting).
[0071] The heat solution treatment dissolves the γ’
phase and results in a recrystallized and homogenised
microstructure with randomly oriented grains. The micro-
structure obtained has been found to have serrated grain
boundaries which are known to improve crack growth
resistance of superalloys. The serrated grain boundaries
are clearing seen in Figure 4.
[0072] The solution heat treatment of the component
is followed by a primary aging at a primary aging tem-
perature for a first aging time. The primary aging temper-
ature is 980-1100°C and the primary aging time is around
4 hours.
[0073] The inventors have found that the primary aging
step produces cuboidal γ’ precipitates as shown in Figure
5 and which is known to improve creep rupture of nickel
superalloys.
[0074] Finally, the component is subjected to a sec-
ondary aging by cooling to a secondary aging tempera-
ture for a second aging time. The secondary aging tem-
perature is 870°C and the secondary aging time is 16-20
hours.
[0075] The secondary aging step produces finer γ’ pre-

9 10 



EP 3 357 605 A1

7

5

10

15

20

25

30

35

40

45

50

55

cipitates within the matrix formed by the larger cuboidal
γ’ precipitates. This has been found to increase elevated
temperature (>750°C) creep ductility by raising total plas-
tic strain to > 1% at failure.
[0076] While the invention has been described in con-
junction with the exemplary embodiments described
above, many equivalent modifications and variations will
be apparent to those skilled in the art when given this
disclosure. Accordingly, the exemplary embodiments of
the invention set forth above are considered to be illus-
trative and not limiting. Various changes to the described
embodiments may be made without departing from the
spirit and scope of the invention.
[0077] All references referred to above are hereby in-
corporated by reference.

Claims

1. A processing method for processing a component
formed by an ALM method using a γ’-strengthened
superalloy having a γ’ solvus temperature, the
processing method comprising:

1) surface finishing of the component by blasting
with a blasting media at a pressure below 90 psi
and/or at an angle less than 85 degrees to the
surface of the component;
2) hot isostatic pressing of the component at a
temperature below the γ’ solvus temperature;
3) solution heat treating the component at a tem-
perature at or above the γ’ solvus temperature
but below the solidus temperature;
4) primary aging of the component at a primary
aging temperature for a first aging time; and
5) secondary aging of the component at a sec-
ondary aging temperature for a second aging
time, wherein the primary aging temperature is
higher than the secondary aging temperature.

2. A processing method according to claim 1 wherein
the pressure is 30-60 psi.

3. A processing method according to claim 1 or 2
wherein the angle is 60-65 degrees to the surface of
the component.

4. A processing method according to any one of the
preceding claims wherein the blasting media has a
particle size of 80-220 mesh.

5. A processing method according to any one of the
preceding claims wherein the hot isostatic pressing
(HIP) of the component is carried out at a tempera-
ture of 10-70°C below the γ’ solvus temperature.

6. A processing method according to claim 5 wherein
the hot isostatic pressing (HIP) of the component is

carried out at a temperature of between 1110 to
1300°C.

7. A processing method according to any one of the
preceding claims wherein the primary aging temper-
ature is between 950-1120°C.

8. A processing method according to any one of the
preceding claims wherein the secondary aging tem-
perature is lower than the primary aging tempera-
ture, and is between 750-980°C.

9. A processing method according to any one of the
preceding claims wherein the first aging time is short-
er than the second aging time.

10. A method of manufacturing a component compris-
ing:

manufacturing the component using an ALM
method comprising:

depositing a layer of powdered material
comprising γ’-strengthened superalloy hav-
ing a γ’ solvus temperature on a base plate
and fusing at least a portion of said layer of
powdered material using an energy beam
to form a first fused layer of the component;
depositing a second layer of powdered ma-
terial comprising γ’-strengthened superal-
loy on the first fused layer and fusing at least
a portion of said second layer of powdered
material using the energy beam to form a
second fused layer onto the first fused layer;
and
depositing further layers of powdered ma-
terial comprising γ’-strengthened superal-
loy on the second/subsequent fused layers
and fusing at least a portion of each of said
further layers of powdered material using
the energy beam to form third and subse-
quent fused layers of the component until
the desired three dimensional component
is obtained; and

processing the component using the processing
method according to any one of the preceding
claims.

11. A method according to claim 10 wherein the γ’-
strengthened superalloy is a nickel superalloy.

12. A method according to claim 10 or 11 wherein the
powdered material has a particle size of between 15
and 60 microns.

13. A method according to any one of the preceding
claims wherein the component is a turbine or com-
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pressor component for use in a gas turbine aero-
engine.
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