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Open-porous laser-based powder bed fusion 
(PBF-LB) metals – also called designed mate-
rials (DMs) – made from nickel-based super-
alloys offer attractive characteristics for high- 
temperature applications. In the following, 
some of the advantages of DMs compared 
with other open-porous metals and possible 
use cases are discussed.

Advantages of DMs. The most remarkable 
aspect of DMs is their easily adjustable mor-
phology. This can be achieved by varying the 
applied process parameters. That also offers 
the option to adjust the mechanical and 
functional properties precisely.

A further argument for DMs is their freedom 
in terms of manufacturable shapes. Changes 
in macro  sectional thickness, imprinted geo-
metric features (like chamfers, blends, and 
holes), and even overhanging surfaces (max-
imal angle depends on the selected DM 
process parameters) can be realized. Figure 1 
shows an example of a component with im -
printed DM that highlights these benefits.

Figure 1. Segmented micro computed tomography 
(µCT) scan with analyzed wall thicknesses of a 
bulk material component with implemented DM 
section.1

The option to print bulk material and DM in 
the same process is another advantage that 

is illustrated in Figure 1. Most other foam or 
sponge manufacturing techniques are not 
capable of producing both material types 
– bulk and porous – in one step: subsequent 
joining operations are not mandatory for 
printed DMs.

Furthermore, DMs can be built from a variety 
of materials and alloys that offer a broad 
range of potential applications. The manu-
facture of other conventional open- porous 
structures – for example, metal foams and 
sponges – is often limited to certain mate-
rials.

Another benefit of DMs compared with 
other printed open-porous constructs like 
lattice structures is that their volumetric 
build rate is much higher. The laser does not 
need to melt defined geometries in order to 
gene rate the porosity, and therefore it is 
faster. This implies another application: com-
ponent sections that do not require pre-
defined mechanical properties. This also 
means that business cases can be impacted 
positively.

All the advantages of DMs described above 
make them an attractive option for a variety 
of products in high-temperature applica-
tions. We will be introducing some of them 
in more detail.

Transpiration cooling applications. For 
decades, transpiration cooled components, 
as shown in Figure 2, have been dreamed of 
by gas turbine developers.

Transpiration cooling is highly efficient com-
pared with film or convectional cooling. It 
either requires less cooling air or allows 
en gine operation at higher temperatures: 
both are required to increase a gas turbine’s 
overall efficiency.[1–6]

To take advantage of the various benefits of 
DMs for transpiration cooling, several dif-
ferent components come into consideration. 
To achieve improved gas turbine efficiency, 
designers focus on increasing the com-
bustion temperature. Therefore, parts of the 
hot gas path – combustion and turbine sec-
tion – are mostly under review.[1, 4, 7]

1 Why use designed materials in 
high-temperature applications?

1 Component design was 
developed in collaboration 
with the Chair of Methods  
for Product Development  
and Mechatronics (Tech - 
nische Universität Berlin,  
tu.berlin/mpm) as part of  
the publicly funded ProFIT 
project HTA (ERDF,  
Application No. 10167478).
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2 Component design was 
developed in collaboration 
with the Chair of Methods for 
Product Development and 
Mechatronics (Technische 
Universität Berlin, tu.berlin/
mpm) as part of the publicly 
funded ProFIT project  
HTA (ERDF, Application 
No. 10167478).

3 Component design was 
developed as part of the 
publicly funded ProFIT  
project HTA (ERDF, Appli- 
cation No. 10167478).

 It is typically not beneficial to have a com-
ponent made entirely from porous materials 
due to their questionable mechanical integ-
rity. Furthermore, at physical connections to 
other components, DMs could be damaged. 
However, because DMs allow highly complex 
geometries, their uses are hence less re - 
stricted compared with other porous metals. 
In addition, they can be easily combined 
with bulk material. Figure 2 shows a compo-
nent with a combination of bulk material, 
lattice structure, and DM. Here, it is visible 
that DMs can be implemented internally and 
externally.

The precise adjustability of the properties  
of DMs means that they can be modified  
to exhibit different physical behaviors: for 
example, flow rate and mechanical proper-
ties can be adjusted to generate the best DM 
for each application.

As discussed, DMs can be built in various 
geometries. Figure 2 shows a component 
with a flow direction along the Z-axis. Appli-
cations that utilize multiple directions for 
their functional fulfillment are also feasible. 
Figure 3 shows a transpiration- cooled high- 
temperature application with a flow direction 
parallel to the build layer. Both component 
designs once again highlight DM’s geomet-
rical variability.

Sealing applications. Another use case for 
DMs is given in sealing applications. Figure 4 
shows a component design using DMs to seal 
hot gases and prevent them from exiting the 
specified flow passage. A sealing fin cuts into 
the DM that serves as an abradable. The porous 
structure attached to the stator component 
seals the gap to the rotating sealing fin.[8]

 These use cases predominantly exist in the 
turbine and compressor sections of gas tur-
bines, but they can also be applied to steam 
turbines for axial sealing of the rotor and 
stator. DMs can therefore be considered as a 
substitute method for conventionally joined 
honeycomb sealings or sprayed layers. A 
variety of DM thicknesses can be utilized.[8]

Damping applications. Another DM applica-
tion that is also familiar from other open- 
porous structures is damping. Different 
types of oscillation can be addressed, for 
example, mechanical or acoustic vibration. 
Figure 5 shows a component for high- fre-
quency damping of flame- introduced osci l - 
lation. Once again, the option to combine 
DM and bulk materials is beneficial because 
both are needed to support the component’s 
integrity. This application also demonstrates 
that multiple valuable DM functions can be 
utilized in one design – in this case, acoustic 
damping and transpiration cooling.[5]

Figure 2. Section of a high-temperature  com - 
 ponent with transpiration-cooled tip made from 
DMs.2

Figure 3. Section of a high-temperature  com- 
ponent with a transpiration-cooled portion by  
means of made from DMs.3

Figure 4. Section of a high-temperature com -
ponent for sealing purposes made from DMs.
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Other applications. There are multiple other 
uses for DMs. The open porosity can function 
as a bonding layer between bulk and other 
subsequently introduced materials like poly-
mers. Application in heat exchangers and 
filters may also be possible. In addition, the 
reduced density of DMs is ideal for light-
weight designs.[5]

Figure 5. Section of a high-temperature compo-
nent for acoustic damping made from DMs.

2 What are designed materials, 
and how are they produced?

Definition. DMs are open-porous media pro - 
duced by the laser -based powder bed fusion 
of metals (PBF-LB/M). Their random structure 
is not geometrically defined. An example of 
a DM is shown in Figure 6.[9, 10]

Production. To create open-porous DMs via 
PBF-LB/M, the standard process is modified: 
the powder feedstock and / or the process 
parameters need to be adjusted in order to 
create the required pores.[9–25]

A commonly used approach is to adjust the 
process parameters. Compared with powder 
feedstock modifications, here the ability to 
produce bulk and porous materials in a single 
process is the advantageous factor. The 
volume energy is reduced, resulting in custo-
mizable open porosity. To lower the intro-
duced energy, the laser power can be 
reduced, or scan speed, hatch distance and 
the layer thickness increased. Other process 
parameters like laser pulsing, beam dia meter, 
and scan strategies can also be altered to 
change DM’s morphology.[9, 10, 12–17, 19–25]

After using PBF-LB4  / M to process DMs, the 
appropriate post-processing is important. 
One task is the depowdering of even the 
smallest voids. Vibrating and simultaneous ly 
rotating depowdering machines have showed 
promising results.[9, 10]

Base materials. Various materials are pro-
cessable to create DMs. Titanium and copper 
alloys, magnesium, tool and stainless steels, 
and nickel-based superalloys have been 
studied.[9, 10, 12–17, 19–25]

4 µCT investigations on DMs 
were part of the publicly 
funded ProFIT project HTA 
(European Regional Develop-
ment Fund (ERDF), Application 
No. 10167478).

Figure 6. µCT scan of a DM.4
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Characterization methods for DMs are as 
diverse as the potential parameter settings. 
This publication focuses on three major anal-
ysis categories that are described in detail 
below. The characterization selected is strongly 
dependent on the targeted DM application.

1) Morphological testing. A broad overview 
of a DM’s morphology can be generated by 
µCT scans. For instance, µCT delivers infor-
mation about pore diameter, strut diameter, 
and surface ratio. Other properties can also 
be derived from the volumetric data. Never-
theless, experience shows that it is beneficial 
to also manually measure the relative den-
sity; this makes the µCT data calibration 
more robust.[9, 10]

Figure 8 shows samples of DM morphologies 
build with distinct volume energies that 
result in different pore diameters and relative 
densities.[9, 10]

2) Mechanical testing. A component’s 
mechanical integrity is important in nearly 
every application. DMs produced with dif-
fer ent process parameter settings demon-
strate that their mechanical properties 
strong ly depend on the volume energy input; 

Process parameter development. As men-
tioned above, process parameter ad justments 
are required. The modification of process 
parameters for DMs is driven by two limits: 
1) overly dense structures, or 2) overly porous 
material that is unstable. These limits need to 
be identified in a process parameter study. 
Figure 7 shows samples that exhibit issues at 
the lower process limit.[9]

Identifying the upper process limit is more 
application-driven, because build stability is 
not a problem as the structure converges 
towards bulk material. The most critical issue 
is that depowdering is not always effective in 
overly dense structures. However, some use 
cases do not require, for example, a fluid 
flowing through them and so will be less 
affected by insufficiently depowdered pores. 
Building DMs for these applications can then 
be focused on reducing build time or weight. 

In such cases, the non-melted powder is 
trapped in the closed porosity. But residual 
powder particles are also sintered to the DM 
during heat treatment.[9]

3 How are designed materials 
 characterized?

5 J. Albert, O. Hermann, 
S.  Purschke, D. Rule, C. Fleck. 
Investigation on process 
stability and part positioning 
influence on the relative 
density of designed materials 
via laser-based powder bed 
fusion of metals on a multi-
laser machine, Adv. Eng. 
Mater. (2021).[9] Copyright 
Wiley-VCH GmbH. Reproduced 
with permission.

6 µCT investigations of DMs 
were part of the publicly 
funded ProFIT project HTA 
(ERDF, Application No. 
10167478).

Figure 7. Four DM samples built using various  
pro cess parameters for different buildability levels 
that illustrate issues at the lower process 
boundary.5

Figure 8. Segmented µCT scans indicating the 
pore diameter in X-Y plane for various parameter 
settings, and pore diameter relative to the applied 
volume energy.⁶
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Figure 9 illustrates this behavior using the 
example of ultimate tensile strength (σ

U
). 

Build direction is also a considerable factor. 
Horizontal test bars (0°) deliver better results 
compared to vertically (90°) built ones.

3) Functional testing. Even more important 
than morphological and mechanical properties 

are the DM’s functional attributes. Depend- 
ing on the application type, these can be fea-
tures like permeability and heat transfer. 
Figure 10 shows the correlation between dis-
charge coefficient C

D
 – a flow value – and the 

volume energy. This result is connected to 
DM’s morphological changes that are also 
influenced by the applied energy input.

Figure 9. Ultimate tensile strength σ
U
 relative  

to volume energy in DM samples in two orien-
tations.⁷

Figure 10. Discharge coefficient C
D
 relative to  

the applied volume energy in DM samples in two 
orientations.

7 Tensile testing was performed 
in collaboration with the Chair 
of Materials Engineering 
(Technische Universität Berlin, 
fgwtberlin.tu-berlin.de).

4 What are future development 
trends for designed materials?

Designed material composites (DMCs). 
Figure 10 shows that if higher discharge 
coefficients are required and the geometry is 
fixed, the volume energy input needs to be 
reduced. Figure 9 shows that this approach 
goes hand-in-hand with reduced mechanical 
strength. This means that either the load on 
the component needs to be reduced or the 
geometry modified. DMCs offer the option to 
increase mechanical strength by introducing 
lattice structures and at the same time low-
ering the discharge coefficient to a consider-
able extent. Figure 11 shows a DMC for a 
specific DM and cubic lattice structure. But 
lattice structure design is not limited to 
straight struts: far more complex and appli-
cation-driven designs are possible.

Transition between DM and bulk mate-
rial. It has been shown that in most cases, 
the transition between DM and bulk mate-
rial is highly loaded due to rapid density 
changes. This may also be addressed with 
DMCs. Other surface-increasing geometric 

elements can also be applied in addition to 
lattice structures. More options are available –
for example, less rapid density changes – that 
can be realized by multiple series-connected 
DMs. Combinations of the two approaches 
can also be beneficial.

Figure 11. µCT scan of a DMC displaying different 
strut diameters.
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DM support structures. Another application 
of DMs that has not been fully investigated 
are support structures. Two approaches were 
primarily studied: very porous DMs that can 

be easily removed and higher density DMs 
that build up  very fast. Both showed benefits 
and dis advantages that need to be further 
assessed.
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