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e Structured catalyst supports with optimized and
tailor-made properties

« Additive manufacturing as enabling technology for
unlocking a new degree of freedom in design

o Combination of improved reactor performance with
operational flexibility

An intelligent matching of reaction and transport processes is
key to the design and operation of optimal catalytic reactors. For
the realization of optimal reaction and process conditions, the
system specific requirements regarding heat and mass transport
characteristics demand for suitable catalyst support materials and
reactor geometries. In this regard, additive manufacturing (AM)
techniques have emerged as enabling technology, which unlocks a
new degree of freedom in the design of structured reactors with
tailored properties. AM allows for the fabrication of open cellular
structures of nearly arbitrary geometrical complexity, and this in a
well-defined and highly reproducible manner.

In our work, we study periodic open cellular structures (POCS)
that were manufactured using different AM techniques such as
FDM or SLA for polymers and L-PBF or EB-PBF for metals. POCS
are promising novel catalyst supports as they offer clear advantages
over conventional randomly packed fixed-bed reactors in terms of
pressure drop [1-4] and heat management [5-9, 16-17] as well as
liquid distribution in multiphase applications [3, 10-11, 15]. In fact,
POCS combine the advantages of randomly packed beds (radial
mixing, tortuosity of the flow) and honeycombs (high geometric
specific surface area, low pressure drop) owing to their high
porosities and their characteristic 3D cellular architecture.

Based on extensive experimental investigations as well as
modeling and simulation, correlations for specific surface area,
pressure drop and heat transport for POCS were developed. These
models enable the design and optimization of POCS that are tailor-
made according to the needs of the reaction system. In our work,
such tailor-made POCS were manufactured, functionalized by
catalytic coating, and then applied in different catalytic reaction
systems with focus on the optimization of heat transport (for highly
exothermic gas phase reactions) and gas-liquid distribution and
mass transfer (in trickle-bed reactors), respectively.
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Figure 1. Scheme of the diamond unit cell interPOCS. Blue: fixed
structure, Orange: movable structure

To achieve even more flexibility with regard to transport
characteristics, we have recently proposed several novel variants of
POCS with unconventional unit cell design. One of them is a new
type of interpenetrating POCS (interPOCS) which are formed by
inserting a diamond unit cell based structure in the cavities of a
second diamond cell structure (see Figure 1). These interPOCS
allow for in operando flow field and mass transport adjustments by
shifting the (relative) position of the movable structure [4]. With

detailed computational fluid dynamics (CFD) simulations and an
additional in-house particle-tracking algorithm implementation
[12] we systematically investigated the flow field and mass
transport characteristics within the interPOCS in dependency of the
relative positioning of the movable structure [13]. The highly
adjustable structure allows for a broad variation of mass transport
characteristics in a catalytic reactor without changing the system’s
periphery. This functionality enables mass transport optimization
for a given system and represents a completely new application of
additively manufactured catalyst support structures for highly
flexible in operando tuning of flow field and mass transport
characteristics.

Further novel intelligent designs include the novel DiaKel
hybrid unit cell for improved liquid distribution in trickle bed
applications [10]. To enhance gas-solid mass transfer stretched unit
cells resulting in anisotropic POCS were proposed [14], while for
improving gas-liquid mass transfer a specially designed unit cell
that enforces meandering flow was developed [15]. To address the
challenge of realizing a perfect wall contact between structure and
wall in tubular reactors, yet with the possibility to exchange the
structured catalyst when deactivated, auxetic POCS made of shape
memory alloy were designed, manufactured and evaluated to enable
a reversible wall contact [16-17].

These novel support structures allow combining improved
performance with higher flexibility in their application, which is an
important next step for industrial implementation in catalysis and
separation processes [18].

I would like to acknowledge the long-standing and extremely
fruitful collaboration with my colleague and friend Professor
Wilhelm Schwieger at FAU Erlangen-Nirnberg in the common
pioneering work on POCS for reaction engineering applications.

References

[1] Inayat, A.; Schwerdtfeger, J.; Freund, H.; Koerner, C.; Singer, R.F,;
Schwieger, W.; Chem. Eng. Sci. 66(12) (2011) 2758-2763.

[2] Klumpp, M.; Inayat, A.; Schwerdtfeger, J.; Koerner, C.; Singer, R.F.;
Freund, H.; Schwieger, W.; Chem. Eng. J. 242 (2014) 364-378.

[3] L&mmermann, M.; Horak, G.; Schwieger, W.; Freund, H.; Chem. Eng.
Process. 126 (2018) 178-189.

[4] Do, G.; Geisselbrecht, M.; Schwieger, W.; Freund, H.; Chem. Eng.
Process. 148 (2020) 107786.

[5] Bianchi, E.; Schwieger, W.; Freund, H.; Adv. Eng. Mater. 18(4) (2016)
608-614.

[6] Busse, C.; Freund, H.; Schwieger, W.; Chem. Eng. Process. 124 (2018)
199-214.

[7] Ambrosetti, M.; Groppi, G.; Schwieger, W.; Tronconi, E.; Freund, H.;
Chem. Eng. Process. 155 (2020) 108057.

[8] Littwin, G.; Roder, S.; Freund, H.; Ind. Eng. Chem. Res. 60(18) (2021)
6753-6766.

[9] Busse, C.; Freund, H.; Schwieger, W.; Chem. Eng. J. 489 (2024)
151139.

[10] L&mmermann, M.; Schwieger, W.; Freund, H.; Catal. Today 273 (2016)
161-171.

[11]Littwin, G.; von Beyer, M.; Freund, H.; Chem. Eng. Process. 168
(2021) 108579.

[12] Trunk, S.; Brix, A.; Freund, H.; Chem. Eng. Sci. 244 (2021) 116768.

[13] Trunk, S.; Freund, H.; Chem. Eng. Process. 195 (2024) 109617.

[14] Ferroni, C.; Bracconi, M.; Ambrosetti, M.; Groppi, G.; Maestri, M.;
Freund, H.; Tronconi, E.; Chem. Eng. Process. 195 (2024) 109613.

[15] Held, H.; Freund, H.; Chem. Eng. Process. 204 (2024) 109930.

[16]Rudolf, D.; Fink, A.; Kdrner, C.; Freund, H.; Adv. Eng. Mater. 26
(2024) 2401717.

[17]Fink, A.; Rudolf, D.; Wahlmann, B.; Freund, H.; Kérner, C.; Adv. Eng.
Mater. 26 (2024) 2401310.

[18] Eckenddrfer, L.; Rudolf, D.; Brix, A.; Bérnhorst, M.; Freund, H., Annu.
Rev. Chem. Biomol. 15 (2024) 163-186.




