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Preface

Dear Reader,

The Department of Biochemical and Chemical Engineering (BCI) of TU Dortmund University presents the Scientific
Highlights of the year 2025 in this issue as a long going tradition since the Highlights of the year 2010. This is the first
issue that is created without the great help of Dr. Paul Kerzel. We wish him all the best for his retirement. The presented
engineering science that covers a broad range from catalysis, fluid and solid production processes and
separation, genetic engineering, computational engineering, drug discovery and formulation, and materials
science is a unique combination that also reflects the wide knowledge of our undergraduate and graduate
students who participated most in these investigations. As every year, we hope that the presented scientific success
attracts current and future collaboration partners from industry and academia.

Enjoy the reading

Prof. Joerg C. Tiller
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Numerical simulation of two-phase flow and temperature distribution in

microfluidic reactors.

Improved temperature measurement and two-phase capillary flow in microreactor systems.

Otto Mierka, Stefan Turek, Julia Surkamp, Lisa Schulz, Thorsten Réder, Norbert Kockmann

Numerical simulations give unrevealed details and enhanced understanding of complex technical systems. Simple
tasks as temperature measurement or mixing of components depend on transport of heat and mass, which can be
very complex, in particular on small length scales. Numerical simulations give detailed insights and can lead to

optimized and efficient technical solutions.

The exact measurement of the temperature in laboratory
continuous flow processes is of high importance for
many investigations. The smaller the technical systems
get, the less accurate the measurements will get and
external influences get more important. Since the
temperature is often the decisive parameter, accurate
measurement is essential. The inline temperature
measurement using a conventional Pt100 sensor with
1.6 mm outer diameter and 20 mm measuring length is
illustrated in Fig. 1 for a T-piece in a continuous flow

reactor on the micro-scale.
! g Pt100 % a::

Figure 1. Simulated temperature prof||es for S|de -on Pt100 positions
inside the T-piece without insulation. (a); CFD simulation of the fluid
flow velocity field at a flow rate of 5 mL min-1 for the side-on Pt100
position with a right-angle fluid flow. Flow direction is depicted by black
arrows. The red circles show an enlarged section of the flow around
the Pt100 (diameter: 1.6 mm) inside the channel for both side-on and
head-on position.

0

Extensive fluid flow and heat transfer simulation in
different flow configuration indicated the importance of
thermal insulation for the measurement accuracy. The
shown 90° installation in Fig 1 together with thermal
insulation result in the optimal temperature
measurement.

Mass transfer simulation is very demanding on small
scale due to the different time scale of momentum and
species transfer, described by the dimensionless
Schmidt number Sc. For gaseous flow, Sc=1 and can
easily simulated with CFD methods. For liquid flow, the
Sc number is approx. 3 orders of magnitude larger and
the simulations need a much higher temporal and spatial
resolution. Hence, fluid dynamic simulation coupled with
particle tracking methods give a good approximation of
mixing processes, as shown for the liquid phase in Fig. 2
for gas-liquid Taylor flow in 1.6 mm helical capillaries
with a 90° bend. This type of tubular reactor is called
Coiled Flow Inverter, which is a central
investigation object in the Laboratory of Equipment
Design. Together with the research group in numerical
mathematics, the dynamic behavior of the mixing was
described for the first time and gives unique insights
to the detailed local dispersion process, see Fig. 2.
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Figure 2. Dispersion analysis with the use of particle tracing method
demonstrated for the 2-phase CFI flow. The leftmost column shows
the particle dynamics in the physical geometry. The middle and right
columns show the particle dynamics in the “backtransformed”
geometry (with straight capillary display) in the axial and cross-
sectional direction, respectively, by tracking the initially seeded liquid
slug segment. The evolution of the particle distribution is visualized
in the top-to-bottom direction for the time levels 0.00s, 0.48 s, 0.95 s,
and 1.43 s.

The impact of secondary flow vortices of Dean and
Taylor nature on mixing and dispersion is very good to
observe with direct numerical simulation based on a
finite element method. The helical flow with the
influence of the centrifugal force and pitch (Dean flow)
as well as the capillary two-phase flow (Taylor bubble)
is described and characterized by particle dispersion in
the axial and radial direction. The full 3D resolution of
the flow field and detailed examination of particle
dispersion provides valuable insights into mixing
dynamics, in particular the deflection of flow velocity
from the center axis contributes is followed by tracking
of particle with defined starting positions, aiding in flow
visualization and dispersion characterization.

julia.surkamp@tu-dortmund.de
stefan.turek@tu-dortmund.de
norbert.kockmann@tu-dortmund.de

Publications:

Nuredin, V.; Schulz, L.; Kockmann, N.; Roder, T., Best practice
approach for temperature measurement in flow chemistry
based on CFD simulation. J. Flow Chem., 15, 47-58 (2025).

Mierka, O.; Miinster, R.; Surkamp, J.; Turek, S.; Kockmann, N.,
Direct numerical simulation of dispersion and mixing in gas-
liquid Dean-Taylor flow with influence of a 90° bend. Chem.
Eng. Sci. 301, 120691 (2025).
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Variations in modular crystallization and related process development.
The Plentitude, Abundance, and Wealth of Crystallization Equipment and Continuous Processes.

Laura Marsollek, P. L. Knappstein, M. Hubmann, Norbert Kockmann

Modular plants offer adaptable and efficient production systems enabling rapid process development through
interchangeable Process Equipment Assemblies (PEASs). In combination with crystallization, novel process concepts
can already be developed and validated on laboratory scale with consistent pathway to small-scale production.

To extend the modular concept to solid product
manufacturing, a lab-scale Draft Tube Baffle Crystallizer
(DTBC) with an inner volume of 2.1 L was modularized
for continuous evaporation crystallization (Fig. 1). A gate
system was developed for the reliable continuous solid
removal. The fine grain dissolution (FGD) had to be
adapted to the hydrostatic conditions in a scaled down
DTBC. By utilizing a geodetic height of 1.4 m, a small
operating window for the FGD was defined, achieving
dissolution of 98 % of fine particles < 90 ym and a solid
fraction of 0.5 wt%. The evaporation rate has a
significant influence on the crystallization kinetics and
were determined by thermal characterization of the lab-
scale DTBC. Together with classification behavior
studies under varying parameters such as rotation
speed of the stirrer and product removal rate, these
results form the basis for describing evaporation
crystallization in modular DTBC systems.
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Figure 1. Experimental setup of the DTBC with illustrated heat flows
(left) and modular division into various PEAs (right) [Marsollek et al.,
CIT, 2025]

More equipment studies can be found in Kockmann et
al., MDPI crystals journal in 2025.

Solubility data are the base for crystallization process
development. The study of solid—liquid equilibria for L-
tryptophan, which possesses an a-amino group, an a-
carboxylic acid group, and an indole compound,
presents significant challenges. Transitioning from batch
to continuous processes allows for improved scalability
and resource management. The solubility and cooling
crystallization characteristics of L-tryptophan from 1-
propanol/water and iso-propanol/water solvent mixtures
in the temperature range from 60 °C to 20 °C (Fig. 2).
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Figure 2. Comparison of the experimentally determined solubility

data (“this work” in the legend) and the literature data for the

solubilities of L-Trp in water/1-PrOH mixtures according to Chen et

al., Fluid Phase Equilib. 2012.

By adding the alcohols, the solubility can be drastically
increased by more than 100% compared to the
solubility in pure water. Lab-scale crystallization
experiments in both batch and continuous operation
allow for the assessment of the process feasibility and
solvent impacts on the process and product. The focus
is on process development that emphasizes material
savings through strategic solvent selection and co-
solvent choices.

laura.marsollek@tu-dortmund.de
norbert.kockmann@tu-dortmund.de

Publications:

Marsollek, L.; Knappstein, P.; Duncker, P.; Lamprecht, J.;
Westkamper, N.; Kockmann, N.

Conceptual Approach for Lab-Scale Vacuum DTB Crystallizer
with Online Monitoring and Flexible Process Functionalities for
Rapid Process Adjustment.

Chem. Ing. Technik, 97, 1103-1109 (2025).

Marsollek, L.; Hubmann, M.; Buchhorn, K.; Kockmann, N.
Automated and Selective Product Removal for Lab-Scale Draft
Tube Baffle Crystallizer Under Vacuum Operation.
MDPI-crystals, 15, 893 (2025).

Kockmann, N.; Schmalenberg, M.; Strakeljahn, B.;
Wohlgemuth, K.

Energy and Resource Efficient Continuous Cooling
Crystallization with Modular Lab-scale Equipment.
MDPI-crystals, 15, 421 (2025).

Hohmann, L.; Antpusat (née Hampel), R.; Kockmann, N.
Process Design for Continuous Crystallization of I-Tryptophan
in Water—Alcohol Solvent Mixtures.

MDPI-crystals, 15(4), 355 (2025).
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Research Data Management and Semantics for Smarter Catalysis Research.
Enhanced data interoperability and precise reaction classification through refined chemical ontologies.

Hendrik Borgelt, Frederick G. Kitel, Norbert Kockmann

Semantic analysis enhances catalysis research by refining and extending chemical ontologies, enabling automated
identification of functional groups and more generalized reaction classification. The main benefit for researchers is
improved data interoperability and usability through semantic structuring and a user-friendly interface that supports
precise querying and reasoning over complex catalytic reactions.

The Findability, Accessibility, Interoperability, and
Reusability (FAIR) [1] of research data is becoming
more important to accelerate research processes in
general. Metadata standards are important for research
data management derived from domain-specific
vocabulary. The Reac4Cat ontology established a
generic data pattern for modeling reactions and enabling
the classification of reactions occurring in a reaction
experiment, which is enlarged in this research. Based
on PubChem and KEGG as knowledge sources,
chemical reactions are described in machine- and
human-readable format, see the table in Figure 1, which
only shows some of the information provided from the
KEGG database.

Entry R12516 Reaction
Name 3-methylbutyl acetate acetohydrolase
Definition Isoamyl acetate + H20 <=> 3-Methylbutanol + Acetate

Equation C12296 + CO0001 <=>C07328 + CO0033

o (o]
)I\ /\)\ )I\ * /\)\
0 OH HO
C12296 C07328 €00033
H, H
\0/

00001

Figure 1. Sketch of a reaction entry in the KEGG reaction database.
In this case, the most relevant information from reaction R12516
[Genes, K. Genomes R12516-KEGG Entry] is depicted. The reactants
and products of the example reaction can be seen in the “equation”
row, with their respective KEGG-specific chemical IDs.

To differentiate between reference reactions and
experimental data, two distinct data patterns are
employed: chemical entities and their respective
functional group residues. Logical axioms and class
hierarchy represent the data pattern for reference
reactions, where new reference data should be
classified via axioms of the respective reaction classes.
This enables various permutations of a reaction to be
introduced and still classified as the same reaction.
Specifically, permutations of chemical entities are
presented by the axioms here.

Figure 2 presents the data pattern used for experimental
reactions. This model is derived from the Reac4Cat
ontology and is intentionally different from the reference
data pattern. For purposes of simplicity, Figure 2 only
sketches the design pattern. The primary objective of
this differentiation is to prevent the drawing of inferences
that should not be drawn. For reference reactions, it can
be assumed that all data are available. However,
experimental data may be incomplete. Reasoning based
on such incomplete information may cause

inconsistencies and should, therefore, be avoided. By
using different data patterns and thereby different
relations between instances describing reference
datasets and experimental datasets, the axioms and
thus the logic can differentiate between different data

Experimental
Reaction Data
Isoamyl
acetale
A Reactant Experimental Product
Wkt Mixture RM_E1 /47/ Reaction E1 Mixture PM_E1 Bousieraideisie

Figure 2. Depiction of the data pattern used for experimental
reactions. This pattern follows the Reac4Cat ontology [Behr et al.
Datenbank Spektrum 2024] data pattern and as such is only sketched
here. The data pattern differs from that of reference reactions in that
it includes instances that describe the reactant and product mixture
composition.

A key advantage of this approach is the direct link to
existing ontologies, as SHACL shapes represent an
artifact that can be imported into the OWL language,
unlike pure SPARQL queries. Two example reactions
were used to show how this can be applied. While this
methodology represents a continuation and refinement
of existing approaches to processing reaction datasets
in knowledge graphs, it is worth noting the approach’s
extensibility. Through more detailed reaction
descriptions, more complex modeling can be
implemented in both the OWL and the SHACL-
SPARQL query.

hendrik.borgelt@tu-dortmund.de
norbert.kockmann@tu-dortmund.de

Publications:

Borgelt, H.; Kitel, F.G.; Kockmann, N.
Ontology-Based Data Pipeline for Semantic Reaction
Classification and Research Data Management.
MDPI-computers,14, 311, (2025).

Stromert, P.; Borgelt, H.; Linke, D.; Doerr, M.; Katabathuni, B.;

Koepler, O.; Kockmann, N. ChemDCAT-AP: Enabling Semantic
Interoperability with a Contextual Extension of DCAT-AP.

19th International Conference on Metadata and Semantics
Research, December 16—19, 2025, MTSR2025, Thessaloniki,
Greece.



https://doi.org/10.3390/computers14080311
https://doi.org/10.48550/arXiv.2602.01822
mailto:hendrik.borgelt@tu-dortmund.de
mailto:norbert.kockmann@tu-dortmund.de

SCIENTIFIC HIGHLIGHTS 2025

Page 7

Stirred cell mini-reactor with modular setup for liquid-liquid reactions.
Modular reactor systems for development of continuous processes.

Mathias Schmitz, Lennart Regenitter, Anil Can Karsli, Neetika Sain, Norbert Kockmann

Modularization of chemical plants has gained increased interest due to its flexibility and shorter time-to-market. This
contribution resents a stirred-pulsed DN15 extraction cell (SPEC) operated as a continuous stirred-tank reactor
(CSTR) within a modular plant concept. The main objective is to demonstrate the transferability of an extraction
column to reaction processes and to showcase the associated service-based automation concept using Module Type

Package (MTP) principles.

The SPEC consists of six stirred compartments
separated by sieve plates and equipped with a pulsation
unit, conceptually resembling a cascade of CSTRs and
aiming to enhance mass transfer. Saponification of ethyl
acetate with sodium hydroxide is used as a test reaction,
which proceeds either as a single-phase second-order
reaction or as a two-phase pseudo-first-order reaction
depending on the reactant ratio. Conversion is
monitored via conductivity measurements, from which
kinetic parameters are derived and further processed for
simulation purposes. The experimental setup is divided
into several Process Equipment Assemblies (PEAs),
including a reactor PEA, three feeding PEAs, a
temperature PEA, and a pulsation PEA. For the different
PEAs were services as their base functionalities
defined. The services are orchestrated into different
recipes for the particular process, either extraction or
reaction.

a)

Top feed

Conductivity
sensors Q1 /A

Conductivity |
sensors Q2

Pulsation

Bottom
N outlet

Bottom feed

Figure 1. a) Stirred-pulsed extraction cell with inlet and outlet streams
and their respective direction for the extraction process. The pulsation
is connected in the bottom of the SPEC. The conductivity sensors are
at the bottom and head of the SPEC and between the compartments
and the inlet and outlets. b) Close-up of the internals inside of the
SPEC. c) Internals of the six compartments. Each compartment
consists of a stirrer and a sieve plate with 2-mm holes.

In contrast to the traditional CSTR the SPEC offers
multiple operation modes which are beneficial for
increased mass transport between two liquid phases.
Single- and two-phase operations in co-current and
counter-current modes are investigated, showing that
co-current operation provides more stable measurement
signals, while counter-current operation achieves faster
conversion but exhibits stronger fluctuations due to
phase separation effects. The flexible reconfiguration of

the PEAs depending on the selected operation mode is
also described.

a) 35

30

* Top sensor
& 25 ™
£ e 4 Bottom sensor
2 20 ¥
El x‘\
z 15 A
> ki
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Q 5 4
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Figure 2. Measured conductivity for a two-phase liquid-liquid
saponification in countercurrent operation mode. The experiment was
done three times and the mean values are plotted together with the
standard deviation.

The application of an extraction column as a CSTR was
demonstrated which is a sparsely used concept for a
reactor but exhibits promising results in comparison to
traditional STRs. This is especially interesting in terms
of modularization, as the same PEA can be used for
different unit operations. In addition, the allocation of
components to PEAs was discussed in order to
maximize  flexibility = and maintain modular
interoperability.

mathias.schmitz@tu-dortmund.de
norbert.kockmann@tu-dortmund.de

Publications:
Schmitz, M.; Regenitter, L.; Karsli, A.C.; Sain, N.; Kockmann, N.
Stirred cell mini-reactor with modular setup for liquid-liquid

reactions.
Chem. Ing. Technik, 97, 444-453 (2025).
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Al-assisted Image recognition for emulsion processes.
Modular sensor system for process development and production quality control.

Inga Burke-Oeing, Norbert Kockmann

The developed Al-based sensor system can monitor and optimize liquid—liquid mixing processes in real time, helping
produce emulsions such as those used in cosmetics. By combining image recognition with a dynamic micromixer,
the study showed how digital technologies enable faster, more efficient, and flexible small-scale emulsion production.

Smart sensor systems are increasingly important for
real-time process analysis in the chemical industry. An
image-based sensor integrated into an emulsification
setup was developed and evaluated using different
YOLO object detection models on an edge device. The
inclusion of digital images and synthetic datasets
improved model robustness. The potential of real-time
object detection was demonstrated for monitoring
liquid—liquid emulsification processes. An important
application for emulsions is cosmetics, which are shown
for small-scale-production in the following. The
laboratory setup including a detailed view of the
micromixer and the optical analysis method is presented
in Fig.1.

top view

o

preheating _
thermostats icro-gs ) =

i.. tro !
NICTOMMIXE

micromixer r

—_— control mixers
S—

Figure 1 Lab setup including a detailed view of the micromixer
and the optical analysis method including an optical
measurement flow cell and camera setup.

A modified, microstructured annular gear pump from
HNP Mikrotechnik, Schwerin, was investigated as an
active micromixer, allowing independent adjustment of
mixing power to study droplet size distribution under
varying process conditions. Using Al-based image
recognition for real-time emulsion characterization,
optimal operation ranges and design parameters for
liquid—liquid mixing can be rapidly identified and
optimized.

The dynamic micromixer was investigated for
continuous emulsification of almond oil-water, coconut
oil-water, and lotion with droplet sizes between 3 and
75 pm under varying process conditions. The defined
operation window with rotor speed of 6000—12000 min™,
a total flow rate of 0.5—-1.5 mL min™, and an oil fraction
of 10-18.4 wt% demonstrated the mixer’s suitability for
flexible emulsion production in rapidly changing
applications. Examples of the droplet size distribution is
shown in Fig. 2 as histogram and exemplarily Al-based
detected droplets in the flow cell.

(b) Coconut oil / T=45 *c  (C)
EEm Coconutoil /T=75 "C

Lotion / T= 75 °C
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10. 1.5.

Figure 2. The figure shows the droplet size distribution for different
process parameters at different temperature levels. Below, example
droplet images for the different process states after the Al-based
object detection. left: the substance system coconut oil-water and the
lotion. The light color indicates the results for TT = 45 °C and the dark
color for TT = 75 °C.
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The emulsification process produced stable droplets
within a broad size range, confirming efficient and
controllable mixing performance. The integration of Al-
based inline optical analysis enabled rapid and reliable
characterization of emulsions in real time. Overall, the
results demonstrated the general applicability of the
dynamic micromixer for continuous emulsion
production across various substance systems.

inga.burke@tu-dortmund.de
norbert.kockmann@tu-dortmund.de

Publications:

Burke-Oeing, I.; Derkum, S.; Olusanya, T.0.0.; Kockmann, N.
Al- and Image-Based Analysis of Emulsification Processes:
Opportunities and Challenges.

Chem. Ing. Technik, 97, 1070-1084 (2025).
https://doi.org/10.1002/cite.70018

Burke, l.; Brockerhoff, L.; Kockmann, N.

Fast liquid-liquid dispersion for low volumina in an active
micromixer — Al-based investigation.

Chem. Eng. & Proc.-Pl, 215, 110362 (2025).
https://doi.org/10.1016/j.cep.2025.110362
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Augmented reality and mobile teaching in fluid mechanical education.

Evaluating effectiveness and appeal of teaching units.

Konrad Boettcher, Alexander Sommer-Behr, Daniel Aurich

The works demonstrate how mobile virtual and augmented reality laboratories expand fluid-mechanics experiments
in a scalable, location-independent, and pedagogically effective way by making invisible flow phenomena visible and
linking real measurement data with interactive 3D simulations. Both approaches enhance motivation and conceptual
understanding by translating complex fluid-mechanics concepts into intuitive learning environments that can be

experienced directly.

To make invisible flow phenomena in real laboratory
experiments (Fig. 1) visible, CFD simulation data are
implemented in professional game engines and made
interactable. The current flow quantities in the wind
tunnel are measured and transmitted via WiFi to the AR
app. The associated teaching unit is designed on the
basis of constructive alignment, and the SOLO
taxonomy is used to identify the cognitive processes in
order to formulate learning objectives that promote deep
rather than surface learning.

Wind tunnel

/_h,\F low direction

User view ~~
QR Code

EguE

Airfoil

g - Arduino based
wind sensor

Precalculated
CFD Results

Smartphone

Figure 1. A wind tunnel with a dedicated measurement section is
used, and the operating principle is illustrated in the upper schematic.
An Arduino-based thermo-anemometer transmits the incoming flow
velocity via WiFi to the smartphone, which retrieves the corresponding
data. A QR code provides spatial registration. The streamlines are
projected into the smartphone’s camera view, enabling an intuitive
understanding of pressure fields, velocity distributions, and flow
separation.

The app AR-Flow (Fig. 2) enables students to
interactively explore small multi-scale flow phenomena
on their own mobile devices in fluid-mechanics
courses. It aims to foster functional understanding
through a modular, level-based learning design
that integrates digital lab manuals, AR
visualizations, and context-specific learning tasks.
The resulting environment combines script-based
learning with interactive laboratories in a quest-based
format that guides students from superficial
learning toward relational and extended-
abstract understanding (deep learning) of core fluid-
mechanics concepts. Student motivation is rated
highly positive, with an average of 4.42/5. In pre- and
post-tests targeting tasks at the extended-abstract
cognitive level, students achieved partially substantial
improvements, with effect sizes between d = 0.1 and d
=0.7.

Ovarview
[ Somrtvast e

7] Bt matar

Figure 2. AR-App experiment on turbulent flows and quest system
within the pump test rig level.
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2025

Peer Reviewed Journal Articles

Burke-Oeing, I.; Derkum, S.; Olusanya,
T.0.0.; Kockmann, N.

Al- and Image-Based Analysis of
Emulsification Processes:
Opportunities and Challenges.
Chem. Ing. Technik, 97, 1070-1084
(2025).
https://doi.org/10.1002/cite.70018

Marsollek, L.; Knappstein, P.; Duncker, P.;
Lamprecht, J.; Westkdmper, N.;
Kockmann, N.

Conceptual Approach for Lab-Scale
Vacuum DTB Crystallizer with Online
Monitoring and Flexible Process
Functionalities for Rapid Process
Adjustment.

Chem. Ing. Technik, 97, 1103-1109
(2025).
https://doi.org/10.1002/cite.70033

Marsollek, L.; Hubmann, M.; Buchhorn, K;
Kockmann, N.

Automated and Selective Product
Removal for Lab-Scale Draft Tube
Baffle Crystallizer Under Vacuum
Operation.

MDPI-crystals, 15, 893 (2025).
https://doi.org/10.3390/cryst15100893

Borgelt, H.; Kitel, F.G.; Kockmann, N.
Ontology-Based Data Pipeline for
Semantic Reaction Classification and
Research Data Management.
MDPI-computers, 14, 311, (2025).
https://doi.org/10.3390/computers14080311

Burke, |.; Brockerhoff, L.; Kockmann, N.
Fast liquid-liquid dispersion for low
volumina in an active micromixer — Al-
based investigation.

Chem. Eng. & Proc.-PI, 215, 110362
(2025).
https://doi.org/10.1016/j.cep.2025.110362

Kockmann, N.; Schmalenberg, M.;
Strakeljahn, B.; Wohlgemuth, K.

Energy and Resource Efficient
Continuous Cooling Crystallization with
Modular Lab-scale Equipment.
MDRPI-crystals, 15, 421 (2025).
https://doi.org/10.3390/cryst15050421

Hohmann, L.; Antpusat (née Hampel), R.;
Kockmann, N.

Process Design for Continuous
Crystallization of I-Tryptophan in
Water—Alcohol Solvent Mixtures.
MDPI-crystals, 15(4), 355 (2025).
https://doi.org/10.3390/cryst15040355

Schmitz, M.; Regenitter, L.; Karsli, A.C.;
Sain, N.; Kockmann, N.

Stirred cell mini-reactor with modular
setup for liquid-liquid reactions.
Chem. Ing. Technik, 97, 444-453 (2025).
https://doi.org/10.1002/cite.202400142

Nuredin, V.; Schulz, L.; Kockmann, N.;
Roéder, T.

Best practice approach for temperature
measurement in flow chemistry based
on CFD simulation.

J. Flow Chem., 15, 47-58 (2025).
https://doi.org/10.1007/s41981-024-00341-0

Mierka, O.; Minster, R.; Surkamp, J.;
Turek, S.; Kockmann, N.

Direct numerical simulation of
dispersion and mixing in gas-liquid
Dean-Taylor flow with influence of a 90°
bend.

Chem. Eng. Sci. 301, 120691 (2025).
https://doi.org/10.1016/j.ces.2024.120691

Peer-reviewed Conference
Contributions

Strémert, P.; Borgelt, H.; Linke, D.; Doerr,
M.; Katabathuni, B.; Koepler, O;
Kockmann, N. ChemDCAT-AP: Enabling
Semantic Interoperability with a
Contextual Extension of DCAT-AP.
19th International Conference on
Metadata and Semantics Research,
December 16—19, 2025, MTSR2025,
Thessaloniki, Greece.
https://doi.org/10.48550/arXiv.2602.01822
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2024

Peer Reviewed Journal Articles

Schulz, L.; Kockmann, N.; Roder, T.
Model-based scale-up of a
homogeneously catalysed Sonogashira
coupling reaction in a 3D printed
continuous-flow reactor.

ACS Engineering Au, 4, 519-523 (2024).
https://doi.org/10.1021/acsengineeringau.4
c00027

Marsollek, L.; Lamprecht, J.; Kockmann,
N.

Investigation of Al Algorithms for
Photometric Online Analysis in a Draft
Tube Baffle Crystallize.

MDPI-crystals, 14, 1045 (2024).
https://doi.org/10.3390/cryst14121045

Oldach, B.; Fortmann, R.; Pleie, T.; Timm,
P.; Kockmann, N.

Design and Rapid Prototyping of 3D-
Printed Microfluidic Systems for
Multiphase Flow.

MDPI-chemistry, 6, 1458—1476 (2024).
https://doi.org/10.3390/chemistry6060088

Burke, |.; Dhayaparan, T.; Youssef, A.S.;
Schmidt, K.; Kockmann, N.

Two deep learning methods in
comparison to characterize droplet
sizes in emulsification flow processes.
J. Flow Chem. 14, 597-613 (2024).
https://doi.org/10.1007/s41981-024-00330-3

Boga. B.; Baur, K.; Timis, E.-C.; Lund, H.;
Peppel, T.; Cristea, V.-M.; Kockmann, N.;
Steinfeldt, N.

Photocatalytic antibiotic degradation in
coated open microchannels by
applying 2D and 3D flow modeling with
kinetics.

J. Environmental Chem. Eng. 12(6),
114173 (2024).
https://doi.org/10.1016/j.jece.2024.114173

Behr, A.S.; Chernenko, D.; Komann, D.;
Neyyathala, A.; Hanf, S.; Schunk, S.A;;
Kockmann, N.

Generating knowledge graphs through
Al-assisted text mining of catalysis
research related literature.

Catalysis Science & Technology, 14,
5699-5713 (2024).
https://doi.org/10.1039/D4CY00369A

Oldach, B.; Wintermeyer, P.; Kockmann,
N.

Transfer of Periodic Phenomena in
Multiphase Capillary Flows to a Quasi-
Stationary Observation Using U-Net.
MDPI-computers, 13(9), 230 (2024).
https://doi.org/10.3390/computers 13090230

Surkamp, J.; Wellmann, L.; Litz, S.;
Rosenthal, K.; Kockmann, N.

Ethanol production using Zymomonas
mobilis and in situ extraction in a
capillary microreactor.
MDPI-micromachines, 15, 1255 (2024).
https://doi.org/10.3390/mi15101255

Burke, |.; Salzer, S.; Stein, S.; Olusanya,
T.0.0.; Thiel, O.F.; Kockmann, N.
Al-Based Integrated Smart Process
Sensor for Emulsion Control in
Industrial Application.
MDRPI-processes, 12(9), 1821 (2024).
https://doi.org/10.3390/pr12091821

Hoéving, S.; Ronnewinkel, P.; Kockmann,
N.

From Batch to Continuous Small-Scale
Production of Particles: Mixer Design
Methodology for Robust Operation.
MDPI-crystals, 14(5), 398 (2024).
https://doi.org/10.3390/cryst14050398

Oldach, B.; Chiang, Y.-Y.; Ben-Achour, L.;
Chen, T.-J.; Kockmann, N.

Performance of Different Microfluidic
Devices in Continuous Liquid-Liquid
Separation.

J. Flow Chem, 14, 547-557 (2024).
https://doi.org/10.1007/s41981-024-00326-z

Burke, I.; Assies, C.; Kockmann, N.
Rapid prototyping of a modular optical
flow cell for image-based droplet size
measurements in emulsification
processes.

J. Flow Chem, 14, 515-528 (2024).
https://doi.org/10.1007/s41981-024-00323-2
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Behr, A.S.; Borgelt, H.; Kockmann, N.
Reac4Cat-Ontology: Harnessing the
Power of Ontological Description Logic
in Catalysis Research as a Practical
Approach to Knowledge Inferences.
Datenbank-Spektrum, 24, 139-150 (2024).
https://doi.org/10.1007/s13222-024-00476-3

Boga, B. Baur, K.; Cristea, V.-M.;
Steinfeldt, N.; Kockmann, N.
Experimental and numerical
investigations of flow behavior in an
open falling film microreactor equipped
with curved flow splitting elements.
Chem. Eng. Sci., 298, 120338 (2024).
https://doi.org/10.1016/j.ces.2024.120338

Dinter, R.; Helwes, L.; de Vries, S.;
Jegatheeswaran, K.; Jibben, H.;
Kockmann, N.

3D-printed open-source sensor flow
cells for microfluidic temperature,
electrical conductivity, and pH value
determination.

J. Flow Chem, 14, 469-479 (2024).
https://doi.org/10.1007/s41981-024-00319-y

Behr, A.S.; Borgelt, H.; Kockmann, N.
Ontologies4Cat: Investigating the
Landscape of Ontologies for Catalysis
Research Data Management.

J. Cheminformatics, 16(1), 16 (2024).
https://doi.org/10.1186/s13321-024-00807-2

Behr, A.S.; Surkamp, J.; Abbaspour E.;
HauBler, M.; Lutz, S.; Pleiss, J.;
Kockmann, N.; Rosenthal, K.

Fluent Integration of Laboratory Data
into Biocatalytic Process Simulation
Using EnzymeML, DWSIM, and
Ontologies.

MDPI-processes, 12, 597 (2024).
https://doi.org/10.3390/pr12030597

2023

Peer Reviewed Journal Articles

Dinter, R.; Gotte, K.; Gronke, F.; Justen,
L.; Brunschweiger, A.; Kockmann, N.
Development of an Automated Flow
Chemistry Affinity-Based Purification
Process for DNA-Encoded Chemistry.

J. Flow Chem, 13, 361-373 (2023).
https://doi.org/10.1007/s41981-023-00282-0

Behr, A.S.; Volkenrath, M.; Kockmann, N.
Ontology extension with NLP-based
concept extraction for domain experts
in catalytic sciences.

Knowledge and Information Systems,
65(12), 5503-5522 (2023).
https://doi.org/10.21203/rs.3.rs-
3491129/v1

Neuendorf, L.M.; Khaydarov, V.;
Schlander, C.; Kock, T.; Fischer. J.; Urbas,
L.; Kockmann, N.

Artificial Intelligence-based Module
Type Package (MTP)-compatible Smart
Sensors in the Process Industry.

Chem. Ing. Technik, 95(10), 1546-1554
(2023).
https://doi.org/10.1002/cite.202300047

Dinter, R.; Willems, S.; Nissalk, T.;
Hastuerk, O.; Brunschweiger, A.;
Kockmann, N.

Development of a Microfluidic
Photochemical Flow Reactor Concept
by Rapid Prototyping.

frontiers in chemistry, 11, 1244043 (2023).
https://doi.org/10.3389/fchem.2023.1244043

Hoéving, S.; Schmidt, T.; Peters, M.;
Lapainis, H.; Kockmann, N.
Small-scale Solids Production Plant
with Cooling Crystallization, Washing,
and Drying in a Modular, Continuous
Plant.

MDPI-processes, 11(8), 2457 (2023).
https://doi.org/10.3390/pr11082457

Klose, A.; Wagner-Stirz, D.; Neuendorf,
L.M.; Oeing, J.; Khaydarov, V.;
Schleehahn, M.; Kockmann, N.; Urbas, L.
Automated Evaluation of Biochemical
Plant KPIs based on DEXPI Information.
Chem. Ing. Technik, 95(7), 1165-1171
(2023).
https://doi.org/10.1002/cite.202200239

Oeing, J.; Brandt, K.; Wiedau, M.;
Tolksdorf, G.; Welscher, W.; Kockmann,
N.

Graph Learning in Machine-Readable
Plant Topology Data.
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Chem. Ing. Technik, 95(7), 1049-1060
(2023).
https://doi.org/10.1002/cite.202200223

Neuendorf, L.M.; HOving, S.; Bennemann,
L.; Kockmann, N.

Detecting crystals in suspensions:
convolutional neural networks vs. a
gravity based approach for size
distribution detection.

Chem. Ing. Technik, 95(7), 1146-1153
(2023).
https://doi.org/10.1002/cite.202200235

Oeing, J.; Holtermann, T.; Welscher, W.;
Kockmann, N.

preHAZOP: Graph-based safety
analysis for early integration into
automated engineering workflows.
Chem. Ing. Technik, 95(7), 1083-1095
(2023).
https://doi.org/10.1002/cite.202200222

Neuendorf, L.M.; Hammal, Z.; Fricke, A.;
Kockmann, N.

Al-based supervision for a stirred
extraction column assisted with
population balance-based simulation.
Chem. Ing. Technik, 95(7), 1134-1145
(2023).
https://doi.org/10.1002/cite.202200241

Bortz, M.; Dadhe, K.; Engell, S.; Gepert,
V.; Kockmann, N.; Muller-Pfefferkorn, R.;
Schindler, T.; Urbas, L.

Al in Process Industries — Current
Status and Future Prospects.

Chem. Ing. Technik, 95(7), 975-988
(2023).
https://doi.org/10.1002/cite.202200247

Dobler, T.; Hoving, S.; Dreiser, C.; Gleil3,
M.; Groschen, M.; Henkel, A.; Horne, M.;
Schafer, M.; Sonnenschein, J.; Wiese, G.;
Wohlgemuth, K.; Kockmann, N.; Nirschl,
H.

From Lab to Pilot Scale:
Commissioning of an Integrated Device
for the Generation of Crystals.

Chem Eng. & Technol., 46(7), 1511-1520
(2023).
https://doi.org/10.1002/ceat.202200616

Bittorf, L.; Oeing, J.; Kock, T.; Garreis, R.;
Kockmann, N.

Design of MTP services for modular
downstream units and process analytic
technology following VDI/VDE/NAMUR
2658.

Chem. Eng. & Technol., 46(7), 1502-1510
(2023).
https://doi.org/10.1002/ceat.202200390

Elhami, V.; Neuendorf, L.M.; Kock, T.;
Kockmann, N.; Schuur, B.

Separation of Crotonic Acid and 2-
Pentenoic Acid Obtained by Pyrolysis
of Bio-Based Polyhydroxyalkanoates
Using a Spinning Band Distillation
Column.

ACS Sustain. Chem. Eng., 11(12), 4699-
4706 (2023).
https://doi.org/10.1021/acssuschemeng.2c
07046

Dinter, R.; Willems, S.; Hachem, M.;
Streltsova, Y.; Brunschweiger, A.;
Kockmann, N.

Development of a two-phase flow
reaction system for DNA-encoded
amide coupling.

Reac. Chem. & Eng., 8, 1334-1340
(2023).
https://doi.org/10.1039/D3RE00020F

Frede, T.A.; Weber, C.; Christ, T.;
Brockhoff, T.; Ludwig, D.; Kockmann, N.
Data Management of a Microcalorimeter
Using a Modular Open-Source loT
Platform.

MDPI-processes, 11(1), 279 (2023).
https://doi.org/10.3390/pr11010279

Sakthithasan, P.; Orth, L.; Venhuis, M.;
Kockmann, N.

Design of a process intensified liquid-
liquid extraction cell for higher
temperature and pressure.

Chem. Eng. & Technol., 46(5), 882-890
(2023).
https://doi.org/10.1002/ceat.202200550

Hoving, S.; Bolien, P.; Siebers, P.;
Kockmann, N.

Simplified Approach to Characterize the
Cooling Crystallization in a Modular
Mini-Plant.
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MDPI-crystals, 13(1),147 (2023).
https://doi.org/10.3390/cryst13010147

Hoéving, S.; Neuendorf, L.M.; Betting, T.;
Kockmann, N.

Determination of Crystal Size
Distributions of Bulk Samples using
Micro-Computed Tomography and
Artificial Intelligence.

MDPI-materials, 16(3), 1002 (2023).
https://doi.org/10.3390/ma16031002

Korel, L.; Yorsh, U.; Behr, A.S.;
Kockmann, N.; Holeria, M.
Text-to-Ontology Mapping via Natural
Language Processing with Application
to Search for Relevant Ontologies in
Catalysis.

MDPI-computers, 12, 14 (2023).
https://doi.org/10.3390/computers12010014

Schulz, L.; Stahle, P.; Reining, S.; Sawall,
M.; Kockmann, N.; Roder, T.
Multivariate curve resolution for kinetic
modeling and scale-up prediction.

J. Flow Chem., 13, 13-19 (2023).
https://doi.org/10.1007/s41981-022-00252-y

Frede, T.A.; Nikbin, N.; Kockmann, N.;
Reactor Performance Estimation in
Microscale Flow Calorimeter for Rapid
Characterization of Exothermic
Reactions.

J. Flow Chem., 13, 31-44 (2023).
https://doi.org/10.1007/s41981-022-00251-z

Achternbosch, M.; Zibula, L.; Schmidt, A.;
Krieger, W.; Kockmann, N.; Strohmann, C.
Selective monosubstitution on a
trichlorosilane with highly reactive
organolithium compounds in a
microflow reactor.

J. Flow Chem., 13, 9-12 (2023).
https://doi.org/10.1007/s41981-022-00254-w

Peer-reviewed Conference
Contributions

Behr, A.S.; Abbaspour, E.; Rosenthal, K;;
Pleiss, J.; Kockmann, N.
Ontology-Based Laboratory Data
Acquisition with EnzymeML for Process
Simulation of Biocatalytic Reactors.

1st Conf. Research Data Infrastructure -
CoRDI, Karlsruhe, 12.-14.9.2023.
httos://doi.org/10.52825/cordi.v1i.324

Behr, A.S.; Borgelt, H.; Petrenko, T.; Dorr,
M.; Kockmann, N.

Investigating the Landscape of Ontologies
for Catalysis Research Data Management.
1st Conf. Research Data Infrastructure -
CoRDI, Karlsruhe, 12.-14.9.2023.
https.//doi.org/10.52825/cordi.v1i.232

Oldach, B.; Hoving, S.; Boettcher, KE.R,;
Kockmann, N.

Ultra-Concurrent Remote Laboratory for
Microfluidic Applications.

20th Intl. Conf. Remote Eng. & Virtual
Instrum., REV23, Thessaloniki, Greece,
1.-3.3.2023.

https./
doi.org/10.1007/978-3-031-42467-0 43

Behr, A.S.; Neuendorf, L.M.; Sakthithasan,
P.; Karan, M.; Fang, Q.; Boettcher, K.E.R;;
Terkowsky, C.; Kockmann, N.

Uniting Knowledge and Application in a
Hybrid Laboratory Experiment in Virtual
Reality - A Cross-Reality Laboratory with
Applications of Artificial Intelligence for
Industry 4.0.

20th Intl. Conf. Remote Eng. & Virtual
Instrum., REV23, Thessaloniki,
Greece,1.-3.3.2023.
https://doi.org/10.1007/978-3-031-42467-0 26

Books & Book chapters

Baerns, M.; Behr, A.; Brehm, A.; Gmehling,
J.; Hinrichsen, K.-O.; Hofmann, H.; Kleiber,
M.; Kockmann, N.; Onken, U.; Palkovits, R.;
Renken, A.; Vogt, D. Technische Chemie.
Wiley-VCH, Weinheim, 2023.

ISBN 978-3-527-34574-8

Kockmann, N.; Schuler, J.; Oldach, B. X-
Ray Based Investigations on Multiphase
Capillary Flows.

in G.H. Yeoh, J.B. Joshi (Eds.) Handbook of
Multiphase Flow Science and Technology,
SpringerNature, 2023. https://
doi.org/10.1007/978-981-4585-86-6_29-1
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Development of a Novel Rotor Design for Counter-Current Centrifugal
Extraction Based on Computational Fluid Dynamics Simulation.

Sophia Volpert, Lisa Nordhausen, Richard Alfsmann, Gerhard Schembecker

Counter-Current Centrifugal Extraction (CCE) is a novel concept for continuous multistage liquid—liquid extraction
that combines the benefits of mixer-settler cascades and centrifugal extractors in one compact apparatus. The
working principle builds on Centrifugal Partition Chromatography (CPC), where two immiscible liquid phases are
contacted inside a rotating rotor. Unlike the established Centrifugal Partition Extraction (CPE), both phases flow
alternately through a single duct connecting the chambers, eliminating the need for check valves. CFD simulations
using the Volume of Fluid method were used to validate the concept and develop an optimized chamber geometry,

confirming the hydrodynamic feasibility of CCE.

Continuous liquid-liquid extraction is a key unit
operation in downstream processing. Centrifugal
extractors accelerate phase separation by up to 300-fold
compared to static settlers, but are limited in the number
of achievable separation stages. The existing
Centrifugal  Partition Extraction (CPE) concept
addressed this by realizing a counter-current flow inside
a single rotating apparatus, but required crossing ducts
and numerous check valves inside the rotor, leading to
leakages and blockages.

The novel CCE concept replaces this complex design
with a single duct between chambers, adapted from
standard CPC rotor geometry. Three design require-
ments were formulated: (1) chamber volume must
greatly exceed duct volume; (2) dispersion must be
maximized to create a large interfacial area; (3)
chambers must be as compact as possible to enable
stacking of multiple rotors. Starting from the original
CPE chamber, a three-step CFD-guided optimization
was performed. First, the chamber height was halved
from 12 mm to 6 mm, improving the utilization as a
dispersion zone from ~45 % to 100 %. Second, due to
the Coriolis force acting on the inflowing lamellae, the
chambers were tilted by 35° to the radial direction, with
an inlet angle of 20° to ensure centered inflow in both
operating modes as shown in Figure 1.
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Figure 1. Determination of the inclining angle of the chamber. (A) An

example of the determination of the angle of the incoming lamella. (B)
Schematical inclination of the chamber.

Third, baffles were placed opposite each inlet to guide
flow centrally, reduce dead zones, and stabilize the

coalescence zone. The final geometry is shown in
Figure 2 as an elliptical chamber inclined at 35°, with a
height of 6 mm and a volume of 1.43 mL. A simulation
of five consecutive mode-switches confirmed the
feasibility: the phase ratio alternates stably between
a = 0.57 (ascending) and a = 0.48 (descending),
recovering reproducibly after each switch.

b)
t=2s

Figure 2. (A) Flow patterns for a chamber oriented at 35- with baffles
and an inlet angle of 20- in descending mode (top) and ascending
mode (bottom). (B) Velocity profiles represented by contours and
their direction shown as vectors.

Compared to CPE, the CCE eliminates all check
valves, doubles the achievable separation stages per
housing, and enables additive manufacturing of
modular rotors. Future work will include experimental
validation and first separation tests.

gerhard.schembecker@tu-dortmund.de
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Beyond Glass Transition and Melting: a-Relaxation as a Shape Memory
Trigger.
Achieving Reversible, Solid-State Morphological Changes in Crosslinked High-Density Polyethylene.

M. Maricanov, R. D. L. Jerusalem, C. Meykranz, L. Schultz, J. C. Tiller, F. Katzenberg

Shape memory polymers represent an important class of smart or adaptive materials. Typically, they are
mechanically transformed into a certain “programmed” shape, but they always remember their original shape. The
programmed shape is stabilized if the polymer is below its glass transition (T.) or melting temperature (Tn). Exceeding
this by heating results in a transformation back to the original shape. Since these temperatures are fix for each
polymer, every application requires a different polymer. Here, we demonstrate that it is feasible to use a the a-
relaxation of semi-crystalline thermoplastics as an independent trigger using crosslinked high-density polyethylene
(xHDPE). This establishes a-relaxation as a genuine switching mechanism, opening new possibilities for the design
of multi-shape memory materials.

Previous research on crosslinked low-density
polyethylene (xXLDPE) suggested that the a-relaxation
could serve as a shape memory trigger. However,
because the a-relaxation of xLDPE partially overlaps
with its melting range, the contribution of crystal melting
could not be completely ruled out. To clarify this, xHDPE
was investigated. Due to its higher melting temperature,
xHDPE allows for programming and triggering at a
temperature distinctively between T, and the onset of
melting.

L A6 . Ay=44
Figure 2. TEM-Images and corresponding SAXS patterns of xHDPE
in its intermediate shape (left), in its temporary shape (center), and
after switching to its new intermediate shape (right).

These imaging techniques confirm that the transition
between intermediate and temporary shapes is
accompanied by a reversible change in morphology.
Stretching the samples into their temporary shape
leads to a heavily distorted morphology and shearing of
the lamellae crystals. Upon reheating above T, the
material retracts to its intermediate shape, and a
stacked lamellae morphology is restored without
significant  distortions. Thermomechanical cycles
revealed that the programmed xHDPE samples exhibit
strain fixity ratios (Rr) close or equal to 100%. Similar to
XLDPE, a conditioning cycle is required to achieve full
1000 4 shape recovery. While the recovery ratio after the first
cycle is lower, the lamellar morphology reorganizes so
that subsequent cycles achieve recovery ratios
between 90% and 100%. This switching was efficiently
performed at T. + 15°C, well below the melting range.

Unlike LDPE, HDPE cannot be homogeneously
crosslinked by simply adding peroxides directly into the
extruder due to its higher processing temperature. To
overcome this, a specific swelling method was applied:
thin pieces of HDPE were first soaked in a di-tert-butyl
peroxide (DTBP) bath at room temperature to ensure a
uniform initial distribution. The DTBP-impregnated
HDPE was then extruded and subsequently cured in a
heating press at 160 °C under the exclusion of air,
resulting in successful chemical crosslinking.

This work firmly establishes a-relaxation as a novel,
genuine switching mechanism in semi-crystalline
SMPs. Remarkably, this morphological change and full
recovery of plastically deformed morphologies occur

Young's Modulus E [MPa]

‘k""‘-L’

- entirely in the solid state, without the need for any
0’150 100 150 200 250 melting and recrystallization cycles. Although the strain
Temperature T [°C] storage capacity (up to 30%) is lower than that of

conventional To- or Tm-switched SMPs, it provides a
valuable additional switching option within the
temperature range between T, and T,.

Figure 1. Young’s modulus versus temperature plot of
HDPE and xHDPE showing successful crosslinking.

To understand the structural changes during the shape michail.maricanov@tu-dortmund.de
memory cycle, TEM and SAXS measurements were frank.katzenberg@tu-dortmund.de
conducted.
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Maximizing strength and toughness of Poly(2-Ethyl-2-Oxazoline) based

double network hydrogels.

This is a new design principle for ultra-tough double network hydrogels, achieved through controlled network

architecture and polymerisation strategy.

Sebastian Weckes, Cornelius Rawert, Joerg C Tiller

Double network hydrogels (DNHs) are among the most mechanically resilient hydrogel systems. Although numerous
examples are found to literature, little is known on the influence of the architecture of the networks on their mechanical
performance. To shed some light on this, different cross-linking strategies and polymer synthesis methods were
applied to obtain similar DNHs with varying network architectures. The results clearly show that the way of the
synthesis of DNHs is crucial for their performance and dependent of the nature of the functional groups.

Two different primary networks were synthesized, an
end-group cross-linked low-molecular-weight PEtOx
and a backbone cross-linked high molecular weight
architecture (Figure 1)
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Figure 1. Overview of the synthesis routes for double network
hydrogels. The first network was either UV-cross-linked or backbone
cross-linked, while the second network was formed by UV (U) or
thermal (T) polymerization, yielding four network combinations.

Although both single networks showed similar swelling
and tensile properties, the backbone cross-linked
system exhibited a six-fold increase in fracture energy
and more than double the compressive strength,
attributed to a high density of trapped entanglements
that enhance energy dissipation. Based on this
architecture, double network hydrogels were prepared
using different acrylic second networks poly(acrylic acid)
(PAA), poly(acrylamide) (PAAm), and a co-polymer of 2-
hydroxyethylacrylamide and acrylamide (P(HEAAmgo-
co-AAm1o)), polymerized either by UV or thermal
initiation to directly assess the influence of radical
concentration and internetwork interactions. The results
reveal a pronounced monomer-specific effect of the
polymerization method. For PEtOX/PAA systems, UV-
induced polymerization significantly increased fracture
energy and compressive strength, reaching up to
48 MPa (Figure 2), likely due to additional inter-network
connections formed at high radical concentrations that
reinforce hydrogen bonding.
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Figure 2. Comparison of compressive strength (A) and fracture
energy (B) of all DNHs for each synthesis route. The second network
was polymerized either photochemically (U) or thermally (T).
Mechanical tests were performed on water-swollen samples at room
temperature (mean = SD, n = 4).

In contrast, PEtOx/PAAmM and PEtOx/P(HEAAmMgo-co-
AAmi1o) systems showed superior toughness and
strength when the secondary network was polymerized
thermally. Here, mechanical performance is governed
by entanglement-driven energy dissipation, while
additional covalent interconnections formed during UV
polymerization restrict network mobility and reduce
toughness.

Overall, this study establishes clear structure property
relationships for PEtOx-based double networks and
demonstrates that mechanical performance can be
maximized by deliberately tailoring backbone
entanglement and polymerization strategy. The
backbone cross-linking approach enables the design of
mechanically robust hydrogels for load-bearing and
advanced soft material applications.

sebastian.weckes@tu-dortmund.de
joerg.tiller@tu-dortmund.de
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Cross-Linked Shape Memory Polymer Blends with Tunable Heating Rate

Sensitivity.

Robert D.L. Jerusalem, Michail Maricanov, Frank Katzenberg, Joerg C Tiller

What if materials could anticipate change instead of merely reacting to it? This study presents cross-linked blends of
poly(vinylidene fluoride) (PVDF) and poly(2-ethyl-2-oxazoline) (PEtOx) that respond not only to temperature but also
to heating rate. By tailoring composition and crystallization kinetics, these predictive shape-memory polymers
translate thermal speed into mechanical behavior. They ‘read” their environment and adjust their recovery
accordingly a breakthrough toward self-requlating systems, adaptive actuators, and next-generation intelligent

matter.
This work introduces predictive shape-memory
polymers based on co-cross-linked blends of

semicrystalline PVDF and amorphous PEtOx. Unlike
traditional homopolymers such as syndiotactic
polypropylene or PET, these networks allow
independent tuning of glass transition (7g), melting (Tm),
and cold crystallization (Tcc) temperatures simply by
varying composition. Dynamic mechanical analysis
confirmed robust cross-linking with stable plateau
moduli above Tm. Differential scanning calorimetry
revealed that increasing PVDF content decreases both
Tg and Tec, enabling control over crystallization kinetics
from fully amorphous states to partially crystalline
morphologies.
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Figure 1. E' versus T plots of the three differently
composed PVDF/PEtOx networks. Samples heated with
a heating rate of 5 K min-'.

When programmed under strain and quenched below
Ty, the materials exhibit remarkable rate-dependent
recovery between 1-100 K min-!. Slow heating promotes
gradual relaxation; rapid heating shifts recovery onset
upward due to competing recrystallization processes
that stabilize intermediate shapes. Each blend
effectively encodes its thermal history within its
dimensional response acting as a physical “memory” of
environmental dynamics.

Wide-angle X-ray scattering confirmed the absence of
large crystals after quenching but indicated oriented
amorphous regions contributing to temporary shape
fixation. The interplay between relaxation-driven
retraction and crystallization-induced stabilization
defines the kinetic sensitivity range for each blend ratio.

By adjusting PVDF content, the responsive
temperature window can be finely tuned from around
120 °C to 150 °C.
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Figure 2. Measured recovery of the 60/40, 55/45 and
50/50 PVDF/PEtOx samples at a temperature of
120 °C, 130 °C and 150 °C respectively in dependence
on the applied heating rate.

Such tailored responsiveness transforms passive
SMPs into active sensors for kinetic stimuli. Predictive
polymer blends can be customized for specific
sensitivity ranges by adjusting network composition,
offering new design freedom for safety materials
detecting overheating rates or soft robotic components
requiring controlled actuation speed.

robert.jerusalem@tu-dortmund.de
michail.maricanov@tu-dortmund.de
frank.katzenberg@tu-dortmund.de
joerg.tiller@tu-dortmund.de
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Protection of the Mechanical Failure of an Acid-Based Hydrogel by pH

Changes.

Prevention of deprotonation of an acid within a double network hydrogel by structural optimization

Paola Benitez-Duif, Sebastian Weckes, Joerg C. Tiller

Cartilage is a hydrogel that has the compressive strength of concrete. Substituting such a material as artificial
cartilage is highly challenging from the perspective of polymer science as well as from that of biomaterials. We have
previously presented the first hydrogel, a double network hydrogel based on poly(2-methyl-oxazoline) (PMOx) and
poly(acrylic acid) (PAA), that truly possesses the mechanical properties and the biocompatibility of cartilage.
Downside of this hydrogel is the loss of its mechanical stability above pH 7.4. The present work shows an approach
to stabilize this hydrogel even in media of pH 9 by systematically varying the composition of the acrylate phase.

The cartilage-like double network hydrogel PMOx/PAA
DNH is presumed to derive its properties from the strong
hydrogen bonds between the protonated carboxylate
groups of PAA and the carbonyl function of PMOx.
Given the molecular structural differences between PAA
and PMOx it becomes clear that not all carboxylate
groups have a binding partner (see Figure 1). These
groups will eventually be easier, i.e., at lower pH values,
deprotonated than the groups that form the hydrogen
bonds with the PMOXx network. The concept of this study
is to exchange the excessive non-binding carboxylates
by another hydrogen donor monomer to obtain an even
higher shift in pKa of the PAA. As shown previously,
PAAm is suited as DNHs partner for PMOx networks.

PMOx/PAA PMOx/P(AA-co-AAm)
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Figure 1. Concept of the structure-induced higher pH-stability of
PMOx/PAA DNHSs by addition of a minor fraction acryl amide.

Therefore, we chose acryl amide as comonomer for
PAA to reduce the number of non-binding carboxic acid
groups in the DNH. To find the optimal composition, a
series of PMOx/P(AA-co-AAm) DHNs with varying ratios
of AA:AAm was prepared according to previously
published protocols. The resulting DNHs were studied
regarding their mechanical properties under
compression and strain in PBS buffer at different pH
values. The introduction of acryl amide groups leads to
somewhat decreased compressive strength at pH 7.4,
but the pH sensitivity is already improved at only 5 wt%
PAAM content and is highest at 10 wt%. Such DNHs are

nearly independent in their compressive strength even
up to pH 9.0. Higher PAAm contents afford a loss in pH
sensitivity. A similar picture is found for strainability and
toughness, measured as fractured energy (see Figure
2). DNHs with 10 wt% PAAm show nearly fully
protonated carboxylate at pH 9.0, which is remarkable
for acid groups that have a pKa value of 4.7
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Figure 2. Stress strain curves of A)PMOx/PAA, B) PMOx/P(AA95-

co-AAm5), C) PMOx/P(AA90-co-AAm10), D) PMOx/P(AA85-co-
AAmM15) and E) fracture energies of different PMOx/P(AA-co-AAm)
DNHs in PBS buffer with different pH at room temperature

The results show that a very narrow range of acryl
amide concentration peaking at 10 wt% in the AA
monomer is suited to stabilize the high compressive
strength and tensile toughness of PMOx/P(AA-co-
AAm) DHNSs to up to pH 9.0. This greatly improves the
applicability of such DNHs in biological applications. It
further shows, how much the mechanical properties of
POx-based non-ionic DNHs depend on the exact
matching between the two interpenetrating polymer
phases.
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Microtiter Plate Cultivation Systems Enable Chemically Diverse Metabolic
Footprints During Bacterial Natural Product Discovery.
Secondary metabolite production profiling in microbioreactor systems.

Anton Lindig, Georg Hubmann, Stephan Liitz

Many bacterial natural products (NPs) are repeatedly rediscovered. To enhance the discovery of novel NPs, a variety
of cultivation conditions can be tested in parallelized microtiter plate cultivation systems (MPCS). We compared the
growth and metabolic footprints of four bacterial species in MPCS, shake flasks, and stirred-tank bioreactors. Growth
was mostly consistent, but secondary metabolite (SM) formation varied considerably. Molecular networking
visualized unique mass features (MFs) and structural modifications across the different systems. Filamentous
bacteria exhibited greater variability than unicellular bacteria. MPCS produced fewer divergent SM profiles than
shake flasks, supporting scalability. This study highlights the impact of cultivation systems on bacterial metabolism.

This study systematically investigated the effect of
different cultivation systems on the growth dynamics
and SM production of four bacterial species: Bacillus
amyloliquefaciens, Corallococcus coralloides, Strepto-
myces griseochromogenes, and Streptomyces cattleya.
All strains were cultivated in a complex medium at 30°C
for five days using various formats, including shake
flasks (SF), baffled shake flasks (BSF), stirred-tank
bioreactors (STR), and MPCS, such as 24-deep well
plates (24 DWP), 48-flower plates (FP), and 96-deep
well plates (96 DWP). Biomass formation, glucose
consumption, and metabolic footprints were monitored
to evaluate the influence of system-specific parameters
on bacterial physiology and metabolite space.
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Figure 1. 'A journey through the metabolite space": The metabolic
footprint reflects the biochemical potential of bacteria. Combining
bioprocess engineering principles with insights into bacterial
metabolite space, optimized cultivation strategies can overcome
challenges in natural product discovery.

Although there was growth in all cultivation systems,
entry into the stationary phase, final biomass
concentrations, and residual glucose levels varied
substantially between systems. Filamentous bacteria (S.
griseochromogenes and S. cattleya) in particular
exhibited pronounced variability in growth kinetics and
morphology across systems; that is to say, they
displayed dispersed or pellet-forming growth patterns,
which were influenced by oxygen transfer capacity,
shear stress, vessel geometry, and material properties.
Metabolic footprint analysis revealed that cultivation
conditions strongly influence SM diversity and
abundance. Using untargeted LC-MS-based
metabolomics combined with molecular network

analysis, distinct sets of mass features (MFs) were
detected in each system. Hierarchical clustering
classified three temporal production profiles of SMs:
early production during exponential growth, production
and degradation throughout cultivation, and late
production associated with stationary-phase
metabolism. These profiles varied between systems,
even for identical metabolites such as desferrioxamines
or leupeptins, indicating that the cultivation system itself
modulates the metabolite space. Further molecular
network analysis elucidated the structural relationships
among the detected metabolites, revealing families of
related molecules that differ in terms of chain length
modifications, amino acid substitutions, or cyclisation
events. Such structural variations are known to
significantly alter biological activity.
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Figure 2. The utilization of microbioreactor cultivation systems in
the discovery of NPs expands the secondary metabolic footprint.

Overall, this work highlights the profound impact of
cultivation systems on bacterial metabolite space. In
particular, microtiter plate cultivation systems facilitate
the parallelization of bacterial cultivation and offer a
greater degree of comparability with stirred tank
bioreactors than shake flasks do.
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Molecular Interactions on Coinage Metal Surfaces: An Electrophilic Reactive
Carbene vs. a Nucleophilic Stable Carbene
Two very different flavours of carbene reactivity were studied via computer simulations.

Yining Liu, Joel Mieres-Perez, and Elsa Sanchez-Garcia

Carbenes play important roles in synthetic chemistry and material science, among other applications. The reactivity
and properties of carbenes highly depend on their environment and electronic structure. We studied the adsorption
of two carbenes: cyclopentadienylidene (CP) and imidazol-2-ylidene (IMI) on three coinage metal surfaces: Cu(111),
Ag(111), and Au(111), using plane-wave density functional theory. Our findings provide a foundation for on-surface
catalysis strategies based on tailored reactivity of surface-bound carbenes.

Imidazol-2-ylidene (IMI) is a stable carbene at room
temperature with a singlet ground spin-state.
Cyclopentadienylidene (CP) is, however, highly reactive
and has a triplet ground spin-state in the gas phase with
a singlet-triplet gap AEst of 4.5 kcal/mol. These two
molecules thus exemplify two extremes in carbene
chemistry. Our calculations show that, in the presence
of coinage metals, CP and IMI exhibit clear differences
in adsorption configuration, adsorption energy, and
charge transfer behavior.

CBE/BCI/TUDo

Figure 1. Adsorption of cyclopentadienylidene (CP, left) and imidazol-
2-ylidene (IMI, right) on a coinage metal (111) surface. CP adopts a
tilted adsorption geometry. IMI adsorbs perpendicularly to the on-top
sites on the surfaces.

CP adsorbs tilted on all three (111) metal surfaces at
hollow adsorption sites with strong carbene-surface
interaction, which is consistent with our previous studies
of fluorenylidene and diphenyl carbene on Ag(111)
surfaces. The adsorption energies of CP on these three
metal surfaces range from -77.2 kcal/mol (Ag) to -101.8
kcal/mol (Cu), with their modular values following the
trend: Cu > Au > Ag. These large adsorption energies
indicate the formation of strong bonds between
carbenes and the metal surface.

We found that CP shows the strongest adsorption on
Cu(111), exhibiting the shortest carbenic carbon—-metal
distance and the smallest adsorption angle amongst the
three metal surfaces. Notably, upon adsorption on the
(111) coinage metal surfaces, a spin-switching of CP
from triplet (in the gas phase) to singlet can be induced.

Bader charge analysis shows that CP acts as an
electron acceptor, withdrawing electron density from
the surface. Charge density difference maps indicate
that multiple metal atoms are involved in the interaction
with the surface.

By contrast, IMI adsorbs perpendicularly at on-top sites
with significantly smaller adsorption energies from
-45.0 kcal/mol (Ag) to —54.2 kcal/mol (Cu and Au). IMI
behaves as an electron donor. The interaction involved
mostly only one atom at the on-top site on the metal
surface.

The stronger binding of CP compared to that of IMI is
attributed to the tilted adsorption geometry of CP due
to its electrophilic properties, which enable multi-atom
surface interactions, while IMI primarily interacts via o-
donation from its lone pair.

Our study indicates that carbene philicities
fundamentally influence the adsorption mechanism,
charge redistribution, and surface binding strength.
Understanding these different adsorption behaviors
provides insights essential for fine-tuning surface-
bound carbene systems to design heterogeneous
catalytic processes and functional materials.
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Understanding the Role of Osmolytes in Biocatalysis
Computational and experimental studies address the effect of osmolytes on two biocatalytic systems.

Julio C. Vieyto-Nufiez, Julio A. Perez-Erviti, Joel Mieres-Perez, and Elsa Sanchez-Garcia

Osmolytes can reshape biomolecular function not only by “stabilizing proteins” in a generic sense, but also by
reorganizing local solvation. Here, we highlight two complementary studies that connect cosolvent organization at
the molecular level to experimentally measurable outcomes in (i) protein—ligand binding and (ii) enzyme catalysis.

Cells use osmolytes to keep their proteins functional
under stress, but the impact of osmolytes on ligand
binding is not fully understood. We studied the binding
of the competitive inhibitor proflavine to a-chymotrypsin
(a-CT) in the presence of several biologically relevant
osmolytes to resolve how distinct cosolvents modulate
binding thermodynamics and kinetics.

The study combined experimental results from
collaboration partners (R. Winter, CCB) with our
extensive molecular dynamics (MD) simulations. Ligand
dissociation kinetics were quantified computationally via
T-random acceleration molecular dynamics (TRAMD),
enabling the prediction of relative residence times of
proflavine at the catalytic site across different osmolyte
solutions. Figure 1 shows the comparison of
experimental ligand binding constants (Kb) with the
computed residence times across different osmolytes,
displaying a strong correlation between experiments
and simulations (R? = 0.89).

2.8 —B—K,: Experiments r12.0
264 —®@— fp: Simulations
r 10.0
24 4 7
L]
224 \ L 8.0
£ 20 4 /? )
z k6.0 <
T 1.8 4 /m =
" ottt | /1
-1 L a—" / [49
1
1.4 4 \ %
F 2.0
1.2 4
1.0 T T T T T 0.0
& (8] & & & &
F §v & F &y e
S & & &£ & & @
" - N
6:9 o Qﬁ; ';- -&"‘Q Q@ Q‘?.
A A
7

Figure 1. Computed residence times of proflavine in a-CT, in the
presence of osmolytes vs. experimentally determined binding
constants (Kp).

Our MD analysis also revealed how osmolytes reshape
the local solvent composition around both the ligand and
the catalytic site. Density maps and contact analyses
showed that some osmolytes (such as glycerol)
accumulate at (or near) the binding site, establishing
frequent noncovalent contacts with proflavine and key
active-site residues. By contrast, the altered local
solvent environment (for instance, in TMAQO) favors
faster dissociation of the ligand.

In another study, this time of the enzyme formate
dehydrogenase of Candida boidinii (CbFDH), we
investigated, in collaboration with G. Sadowski (BCI)
and R. Winter (CCB), the effects of the osmolytes
TMAO and sorbitol on enzymatic activity. A key
mechanistic distinction emerging from the molecular
dynamics simulations was that TMAO is excluded from
the protein surface while sorbitol interacts at the protein
surface (Figure 2). Sorbitol and TMAOQO reshaped active-
site water organization via differing mechanisms:
sorbitol boosts protein flexibility, water trafficking, and
formate residence times, whereas TMAO reduces
protein dynamics, water exchange, and ligand
residence times, with opposite effects on the catalytic
reaction.
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Figure 2. The analysis of our molecular dynamics simulations reveals
preferential accumulation of sorbitol at the protein surface (green
density) and preferential exclusion of TMAO from the surface (gold
density).

Together, these studies show how osmolytes modulate
biomolecular function via specific solvation and
changes in protein dynamics.
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SwarmGenomics: A Unified Pipeline for Individual-Based Whole-Genome

Analyses.

A scalable and user-friendly workflow for whole-genome data analysis.

Aure Kylmanen, Yu-Chi Chen, Sahar Javaheri Tehrani, Nikolas Vellnow, Justin J. S. Wilcox, & Toni I. Gossmann

Advances in sequencing technologies have made whole-genome data widely accessible, enabling research in
population genetics, evolutionary biology, and conservation. However, the increasing volume and complexity of
genomic data pose substantial challenges for reproducibility, scalability, and integration of analytical steps. Here, we
present SwarmGenomics, a unified, modular, and scalable pipeline designed to streamline reference-based genome
assembly and genomic analyses from raw sequencing reads to population genomic inference.

SwarmGenomics is a modular, user-friendly
bioinformatics pipeline for whole-genome sequencing
(WGS) analysis. It integrates tools for estimating
heterozygosity and runs of homozygosity to assess
genetic diversity and inbreeding, reconstructing
population history, detecting DNA contamination,
analyzing repetitive sequences, assembling
mitochondrial genomes, and identifying nuclear
mitochondrial DNA segments (NUMTs). Its modular
design allows users to run only the analyses relevant to
their research questions, providing flexibility without
sacrificing reproducibility. An overview of the workflow is
shown in Figure 1, with planned future modules
indicated in grey. Complete documentation, installation
instructions, and the pipeline are freely available on
GitHub:
https://github.com/AureKylmanen/Swarmgenomics

Figure 1. SwarmGenomics pipeline overview starting with reference
and species genomes in FASTA and FASTQ format, followed by
processing steps (in light blue) and modules for different genomic
analyses (in yellow), with possible future modules in grey. Each
module is numbered according to the corresponding page in the
SwarmGenomics GitHub repository.

By combining a reproducible workflow with a growing
dataset of analyzed genomes, SwarmGenomics
enables direct comparisons of key population genetics
metrics across species. For example, Figure 2 shows
the distribution of runs of homozygosity (RoHs) in giant
panda and lion genomes. The lion exhibits more long
RoHs than the giant panda, suggesting more recent
inbreeding in its population.
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Figure 2. Distribution of runs of homozygosity (RoHs), an indicator of
inbreeding, in giant panda and lion genome. The lion exhibits a large
amount of long RoHs in comparison to the giant panda, suggesting a
more recent inbreeding in the lion population.

Looking forward, SwarmGenomics aims to serve both
as a bioinformatics teaching platform and a
collaborative research resource. Its GitHub repository
provides everything needed to run analyses, with user-
friendly documentation supporting students and
researchers new to genomics. The pipeline is freely
available for university courses and self-guided
learning, and a dedicated website is in development to
centralize user-generated results.

toni.gossmann@tu-dortmund.de
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Formulating Cannabidiol by Spray Drying.

Exploring potential production routes for solid dosage forms containing Cannabidiol.

Enrico Ercolin, Fabian Schulte, Gerhard Schaldach, Oliver Kayser, Markus Thommes

Cannabidiol (CBD) shows various pharmacological effects for the treatment of medical conditions. Nevertheless, the
poor water-solubility and lipophilia result in a low oral bioavailability. To maximize its therapeutic potential, strategies
must be explored to enhance oral bioavailability. Therefore, this study aims to present and evaluate two solid

Cannabidiol formulations produced by spray drying.

This study investigates two strategies for the continuous
production of CBD formulations by spray drying that
exhibit high dissolution rates for immediate drug release.
The first strategy involves the reduction of the particle
size of the drug, which is done by obtaining a second
phase in an emulsion containing most of the drug prior
to the spray drying process. This emulsification is
continuous via a self-developed Swirl-Mixer and
produces small drug loaded droplets. In Figure 1, the
flow within the Swirl Mixer is color-visualized according
to the mass fraction of isopropanol in water in each
stream (isopropanol inlet (red) and a water inlet (blue)).
The Swirl-Mixer adds a swirl flow regime to the mixing
process, which intensifies the mixing and results in a
rather homogeneous concentration across the cross-
section plane at the outlet.

Mass Fraction

Isopropanol <
1.00

0.75 o

outlet plane

nnnnnn

Figure 1. CFD simulation of the Swirl-Mixer in regard of the mixing
quality via mass fraction distribution over various cross-sectional
planes. The color coding indicates the mass fraction of isopropanol in
each stream.

The produced droplets are embedded into a water-
soluble carrier via the spray dryer Mobile Minor by GEA,
Seborg, Denmark (see Fig. 2, left). The results are
composite particles (CP), which combine the
advantages of both small particles (i.e. their ability to
dissolve rapidly) and larger particles (i.e. their improved
handleability for further processing).

spray dryer

spray dryer
Figure 2. Production route via CP (left) and via ASD (right).

The second strategy under consideration is the
production of amorphous solid dispersions (ASD). The
drug is distributed molecularly in an amorphous carrier
through the process of spray drying (see Fig. 2, right).

Pure CBD shows a comparatively slow and incomplete
release within the investigated time frame, the physical
mixture enhances the release rate (see Fig.3). Notably,
the ASD with 1 wt.% CBD exhibits a faster release
profile, reaching 50% release within only 16 minutes.
The CP exhibits the most pronounced effect,
characterized by a clear change in release kinetics after
the initial phase. The rate of release of CBD is
accelerated significantly up to 20 minutes, with the
result that more than 75% of the substance is released.
By 85 minutes, the release of CBD from the CP is
complete.
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Figure 3. Normalized released mass over time of composite particles
(CP), amorphous solid dispersion (ASD), physical mixture (PM) and
pure CBD (various weight fractions, n=3, avis).

In conclusion, this study provides two production routes
via spray drying for solid formulations containing
cannabidiol. Especially, the route to composite particles
through the “Oiling-Out” phenomenon could be
applicable to other systems. The two presented
production routes via spray drying will help to produce
solid dosage forms of cannabidiol.

enrico.ercolin@tu-dortmund.de
fabian3.schulte@tu-dortmund.de
gerhard.schaldach@tu-dortmund.de
oliver.kayser@tu-dortmund.de
markus.thommes@tu-dortmund.de

Publications:
Ercolin, E.M.A; Schulte, F.; Schaldach, G.; Kayser, O.;

Thommes, M., Advanced Cannabidiol Formulations Produced
by Spray Drying. (submitted)



mailto:paola.benitez@tu-dortmund.de
mailto:sebastian.weckes@tu-dortmund.de
mailto:joerg.tiller@tu-dortmund.de
mailto:oliver.kayser@tu-dortmund.de
mailto:markus.thommes@tu-dortmund.de

SCIENTIFIC HIGHLIGHTS 2025

Page 44

Towards an autonomous powder compaction process.
In-situ monitoring of critical quality attributes of tablets via UV-Vis spectroscopy.

René Brands, Jens Bartsch, Markus Thommes

Powder compaction on a rotary tablet press is a dry granulation method to transfer powder materials consisting of
several components into compacts (tablets). Quality aftributes (weight fraction, mass, porosity, lubrication) are
maintained by adapting the internal process chain resulting in a complex control task. In this respect, the overall aim
is to develop an adaptive, data-driven predictive system replacing human intervention to reduce quality fluctuations.

The objective of the current study is to implement a
monitoring system for the in-situ determination of
product specifications enabling a real-time control via
critical process parameters as input variables (Fig. 1).

Powder compaction process

Figure 1. Schematic of an adaptive, data-driven predictive system for
autonomous control on powder compaction with a rotary tablet press.

The developed monitoring system is based on provided
machine data (ejection force as surrogate for lubrication,
pre-compression force as surrogate for mass) as well as
on UV-Vis spectroscopy (InSpectroX, ColVisTec, Berlin,
Germany). The probe was implemented in a rotary tablet
press (Fette 102i, Fette Compacting, Schwarzenbek,
Germany) in the ejection position (Fig. 2, left and middle)
aligned horizontally with the compacts at a distance of 4
mm. A number of 35 light flashes at 2 ms each were
emitted per measurement resulting in a sample rate of
1.5 Hz including the integration time. The set-up also
considered a gas jet to prevent particle deposition on the
glass fiber surface.

tablet
-

[UV/Vis probe] m UVVis pmbe
—~—

Figure 1. Schematic (left) and photo (middle) of developed set-up for
in-line UV-Vis monitoring. Representation of the VIS spectral data in
form of the CIELAB color space (right).

For the full determined UV-Vis spectra (224 — 820 nm),
the reflectance value as ratio of emitted light intensity to
reflected light intensity was utilized as surrogate for the
weight fraction of the active pharmaceutical ingredient
(API) on the one hand. On the other hand, the visible
range was utilized to calculate the coordinates of the
CIELAB-color room (Fig.1, right). The chroma value C*
representing the relative saturation of the sample color
was used for process monitoring of the porosity.

The developed set-up was applied in a systematic study
to identify the process parameter impact (compression
force, filling system speed) on the ejection force and

porosity for formulation pre-mixes with varying weight
fractions. The filling system is referred to as FOM.

API content [wt%] =

API content wt%] =13 e_force [N]

API content [wt%] = 10

| 300
280
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Figure 3. Multiple linear regression (a = 0.05) results as contour plots
for ejection force (e_force, top), chroma value (C-value, middle), and
reflectance value (reflec., bottom).

The results highlighted the capability of the developed
in-situ monitoring system to capture the product quality
in real-time and revealed the individual process
parameter impact. Also, the acquired data was suitable
for process model development in a follow-up study.
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Hot Melt Extrusion of Amorphous Solid Dispersions.

Mechanistic Insights into Formulation and Process Design.

Marvin Daalmann, Jana Kliippelberg, Markus Thommes, Judith Winck

The formulation of amorphous solid dispersions (ASDs) remains a key strategy to enhance the bioavailability of
poorly soluble drugs by molecularly dispersing them in amorphous carrier polymers. In hot melt extrusion, processing
time and temperature are critical parameters regarding the dissolution of the crystalline drug in the polymer. A
comprehensive understanding is essential for process design and thus for fully exploiting the potential of ASD

formulations in pharmaceutical applications.

An experimental setup was designed to implement inline
UV-Vis spectroscopy in small scale hot melt extrusion to
assess the drug dissolution behavior in a polymer at
early stages of formulation development with minimal
material quantities (Figure 1). The DSM Xplore micro
compounder is characterized by its small dimensions,
enabling the processing of 2.5 g of material
Furthermore, specific processing times can be adjusted
via the recirculation mode.

powder
r

Figure 1. Experimental setup with small scale compounder (left) and
alignment of UV-Vis spectroscopy at the die (right).

Two ASD formulations with different drug loads were
processed at varying processing times and
temperatures (exemplarily shown in Figure 2).
Griseofulvin (GRI) and ltraconazole (ITR) were used as
model drugs, whereas Copovidone (PVPVA) was
applied as polymeric carrier.

The extent of drug dissolution in the polymer for ASD
formation during hot melt extrusion was quantified
based on light scattering (lightness of CIELAB color
system) at the interphases of remaining drug crystals,
measured with an Inspectro X UV-Vis
spectrophotometer.

ITR/IPVPVA/0.30

time t / min
w

temperature T/ °C

Figure 2. Extrudates of ITR/PVPVA solid dispersions at 30 wt% drug
depending on processing time and temperature.

The processing temperature has a significant impact on
drug dissolution within the polymer matrix. Moreover,
complete drug dissolution shifted to lower temperatures
when longer residence times were applied (Figure 3,
left). Based on the courses of lightness over processing
times and temperatures, regime maps were modeled
that define the process conditions under which ASDs
can be successfully manufactured (Figure 3, right).
Depending on drug-polymer interactions and molecular
mobilities, the required processing time at the solubility
limit of the crystalline drug in the polymer varies for the
different formulations.
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Figure 3. Modeled dissolution profiles of GRI/PVPVA solid
dispersions at 15 wt% drug depending on processing time and
temperature (left) and dissolution regimes depending on processing
time and temperature in comparison to predicted phase diagrams
according to a proposed extended Flory-Huggins model (right).

These insights enable a mechanistic understanding of
process-structure-property  relationships in  ASD
manufacturing and support predictive design strategies
within pharmaceutical hot melt extrusion.
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Co-Oriented Fluid Functional Equation for Electrostatic interactions

(COFFEE).

Julia Amplatz, Joshua Marx, Kai Langenbach

Equation of States (EoS) are an established method in industry to predict the phase behavior of mixtures. The
prediction of mixtures of polar and nonpolar components is still challenging for classic EoS, since they do not consider
the orientation of the molecules. The Co-Orientated Fluid Functional Equation for Electrostatic interactions (COFFEE)
is an EoS, that explicitly considers the orientation of the molecules in terms of an Orientation Distribution Function
(ODF). In mixtures of differently polar components, the molecules compete for the energetically more favorable spots.
This leads to so-called multi-body repulsive effects that need to be considered in COFFEE.

In the perturbation theory, COFFEE, the perturbation
free energy is split into a near field and a far field free
energy. The structural effects due to preferential
orientations of polar molecules are considered in the
near field free energy, which is a functional of the ODF.
The ODF depends on three angles between two dipolar
molecules, as shown in Figure 1, and enables the
calculation of the probability of specific orientation. The
dipole moment in Figure 1 is depicted in center of mass
of the molecules, but it can be also shifted out of the
center of mass.

Figure 1. Vectors and angles between two dipolar molecules.

In Figure 2, a three-dimensional plot of the ODF is
shown. The colors are iso-surfaces for probabilities
equal to (green), 40% higher (red), and 40% lower (blue)
than the value corresponding to random orientation. The
surface areas represent the result of molecular dynamic
(MD) simulations and the gridlines represent the result
of COFFEE. In a binary mixture, four ODF exist due to
the different consideration as central and neighboring
molecule.

Figure 2. Orientation Distribution Function (ODF). Surface area: MD
simulation, gridlines: COFFEE, green: random orientation (100%), red
(140%), blue (60%).

A reduced, one-dimensional form of the ODF is the
angular distribution function (ADF). In mixtures with
differently polar components, the molecules compete for
the energetically more favorable spots. The molecules
with the higher dipole moment get the more favorable
places due to their higher electrostatic interactions,
while the molecules with the lower dipole moment are
displaced to the energetically less favorable spots. This

effect is called multi-body repulsive effects (MBRE) and
leads to a qualitatively wrong result in the ADF, if the
molecule with the lower dipole moment is considered
as the neighboring molecule. Even without MBRE,
COFFEE is shown to be better to predict mixtures of
differently polar components than common EoS.

To consider MBRE in COFFEE, a repulsive van der
Waals free energy functional can be added in the
perturbation theory. A local and non-local density
approach are tested within the theory. Both approaches
achieve qualitatively correct results. The result of an
ADF of a Lennard-Jones (LJ) Stockmayer (LJ + dipole
moment) mixture with the local density approach is
shown in Figure 3 compared to molecular simulation
results. The LJ molecule is considered as neighboring
molecule, which leads to strong MBRE. Since LJ
molecules have no dipole moment, COFFEE without
MBRE predicts their preferential orientation is the same
at every point. However, since the LJ molecules are
displaced to energetically less favorable places for the
Stockmayer molecule, the ADF takes on the shape
shown, which can be accurately predicted using the
extended version of COFFEE. With the new COFFEE
version, it becomes possible for the first time to
consider preferential orientations in an EoS in polar-
nonpolar mixtures.

Figure 3. Angular Distribution Function (ADF). u* = 2, * = 0,
p*=0.66, T"=1.9; x;=0.9, d; = 0.1; circles: MD simulation, red
dashes line: COFFEE without MBRE, green line: COFFEE with
MBRE.
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Strategic Network Design for the Chemical Recycling of Polyurethane Rigid

Foam Waste in Germany.

A MILP-Based Optimization Framework to Assess Economic Viability and Optimal System Layout.

Dalga Merve Ozkan, Sergio Lucia, Sebastian Engell

Transitioning to a circular economy is essential for sustainable resource management, yet many industries face
significant technical and economic barriers. This is particularly true for the plastics sector, where thermoset materials
such as polyurethane (PUR) rigid foams are still predominantly incinerated. While chemical recycling technologies
for PUR have advanced, their large-scale deployment requires careful planning of the entire reverse supply chain.
Here, we present an optimization framework that supports such planning, helping to identify economically viable
pathways for the chemical recycling of PUR rigid foam waste.

A multi-product, multi-echelon, multi-period mixed-
integer linear programming (MILP) model was
developed to design a reverse supply chain network that

maximizes annual gross profit. The framework
determines the optimal number, locations, and
capacities of collection, recovery, chemical and

downstream processing facilities, as well as the material
flows between them. Two waste sources are
considered: end-of-life (EoL) construction materials and
EoL cooling appliances. The applicability of the
framework is demonstrated through a case study on
PUR waste management in Germany, comparing
catalytic pyrolysis with conventional incineration.
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Figure 1. (a) Geographical distribution of PUR rigid foam waste in
Germany, with marker size indicating the relative amount of waste at
each point source. (b) Optimal material flows for the layout in which
both PUR and PIR are chemically recycled, from collection facilities to
recovery and treatment facilities (red), from there to the chemical
processing facility (blue), and from the second treatment facilities to
the chemical processing facility (cyan). (c) Total annual cost
breakdown for the same layout, decomposed into capital, operating,
transportation and incineration costs, and split by facility type.

In the baseline scenario, where only PUR is chemically
recycled, the system shows a negative annual profit, by
an amount equivalent to 29% of the annual revenue.
The optimal layout features a decentralized network of
collection facilities placed near the waste sources,
while capital-intensive recovery, chemical and
downstream processing facilities are centralized to
benefit from economies of scale (Figure 1). When
polyisocyanurate (PIR) waste is also redirected to
chemical recycling, the collection rate of construction-
derived waste rises from 65% to 99% and the net loss
drops to only 5.4% of the annual revenue, highlighting
the strong value-adding potential of co-processing PIR
alongside PUR.

A sensitivity analysis was carried out to test the
robustness of the system under changing market
conditions and policy parameters. Catalytic pyrolysis
consistently outperforms incineration in both scenarios
across the explored range of product prices and gate
fees. Incineration is only preferred in two narrow cases:
when product prices fall below 60% of their current
value in either scenario, or, when the gate fee for
incineration is reduced to 60% of its current value in the
baseline scenario. The PIR-inclusive scenario remains
robust against such gate-fee reductions, with waste
being directed to incineration only in remote areas
where collection costs would outweigh the recycling
benefits. The break-even point lies at a price increase
of about 50% when only PUR is recycled, but drops to
roughly 10% once PIR is included, bringing the system
within reach of current market conditions.

The framework provides strategic insights into the
economic and logistical trade-offs of plastic waste
recycling, and can serve as a decision-support tool for
policy-makers and industry stakeholders aiming to
establish sustainable waste valorization networks for
thermoset plastics.
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Combined Deactivation and Reaction Kinetics for CO. Methanation.
A Holistic Kinetic Model for Catalyst Lifetime Prediction under Dynamic Conditions.

Mathias Waldner, Moritz Langer, Hannsjérg Freund

Power-to-X technologies like CO, methanation play a crucial role in the energy transition by converting green
hydrogen into synthetic natural gas. However, catalyst deactivation under dynamic operation conditions poses
significant challenges for process design and economic viability. A holistic mathematical description of both
deactivation and reaction kinetics enables optimization of reactor design and operation over the entire catalyst lifetime -

yet such models remain scarce in literature.

In this work, we systematically investigated the
deactivation behavior of an industrial Ni/Al2O3 catalyst
for CO2 methanation across a broad range of operating
conditions (350 - 450 °C, 3 - 8 bar) using a Berty-type
reactor. This reactor type ensures gradient-less reaction
conditions, making it ideally suited for deactivation
studies. The experiments consist of a deactivation
period at constant temperature and pressure and a
kinetic period, conducting a temperature variation (cf.
Figure 1).

A
Deactivation period

Kinetic period

i
7
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Figure 1. The deactivation experiments consist of a deactivation
period at constant total pressure and temperature, and a kinetic
period. During the kinetic period, temperature is varied to obtain
information on temperature dependency.
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From the kinetic measurements and additional post-
mortem  catalyst characterization (physisorption,
chemisorption, TGA), we identified two distinct
deactivation mechanisms: 1) Hydrothermal sintering:
loss of active nickel surface through sintering of the
carrier and/or nickel nanoparticles, accelerated by water
presence at elevated temperatures. 2) CO-induced
restructuring: structural changes of nickel nanoparticles
at elevated CO partial pressures, likely through
formation of mobile nickel (sub)carbonyl species.
Importantly, we found that the reverse water-gas shift
(RWGS) reaction exhibits non-separable kinetics. Its
activation energy changes from 148 kJ mol-' for a fresh
catalyst to 83 kJ mol' for a deactivated catalyst. In
contrast, CO methanation shows separable kinetics with
constant activation energy throughout deactivation.
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Figure 2. Observed and predicted CO, conversion over time on
stream during deactivation. Experiments are conducted at
temperatures of 350, 400, and 450 °C using 50 mg of catalyst at 5 bar
reaction pressure (GHSV = 8 mLsre min' mg.”", feed

composition: H2:CO, = 4:1in 50% Ny).

Based on this insight, we developed a combined
deactivation and reaction kinetic model using general
power-law approaches including composition influence
terms. The model incorporates our previously
published quasi-steady-state reaction kinetics and is
extended by two additional variables, each describing
one of the two deactivation mechanisms. The complex
time course of these variables is described by 15 only
weakly correlated parameters. The model
accurately predicts both evolution of the reaction rates
(cf. Figure 2) over time as well as the kinetics of
the deactivated catalysts.

The model enables prediction of reactor behavior under
various conditions - from low to high conversions and
therefore different compositions. This capability is
particularly valuable for designing load-flexible Power-to-X
reactors, accommodating fluctuating hydrogen supply
from renewable sources, which can lead to potentially
deactivating  conditions. By integrating  catalyst
lifetime considerations into reactor simulations, the model
paves the way for economic optimization of process
design and operation strategies that minimize deactivation
while maintaining high productivity.
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Process Intensification in Falling Film Reactors.
How Structure-Induced Resonance Waves Intensify Mass Transfer in CO2 Capture Applications

Marion Bérnhorst

(In cooperation with Andrea Diill, Thomas Héber, Olaf Deutschmann, Karlsruher Institut flir Technologie)

Efficient solvent utilization is critical in energy-intensive processes such as solvent-based carbon capture, where
regeneration costs dominate operational expenses. Falling film absorbers offer advantages including thin liquid
layers, large interfacial areas, and low pressure drop, making them attractive for CO> capture applications. Surface
structuring has emerged as a promising process intensification strategy, yet the fundamental mechanisms linking
hydrodynamics and mass transfer enhancement remain poorly understood.

This work investigates how rectangular surface
corrugations intensify liquid-side mass transfer in falling
film CO2 absorbers through structure-induced wave
resonance effects. Using combined experimental and
numerical approaches, we demonstrate that carefully
tailored surface structures can increase the volumetric
mass transfer coefficient by up to a factor of four
compared to smooth reference surfaces.

High-speed imaging with an internally referenced light
absorption technique reveals that transient film
instabilities evolve from initially steady flow (Fig. 1), with
inertia-controlled liquid overshoot at structure element
edges playing a crucial role in flow destabilization. The
developed flow can be decomposed into steady and
time-oscillatory contributions exhibiting distinct spatial
characteristics.

CO2 absorption experiments across varying structure
dimensions and Reynolds numbers demonstrate that an
optimum exists where resonance-like conditions
maximize interfacial oscillations and mass transfer
enhancement. The observed structure-induced mass
transfer intensification correlates directly with film
waviness, quantified through standard deviation of local
film thickness measurements.
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Figure 1. Experimentally determined spatial distribution of the
interface elevation over the entire measurement domain (left) and in a
zoomed-in region of interest (right) for a film flow with Re = 382 and
rectangular structures of dimensions Ds =4 mm and Hs = 0.45 mm.

Complementary volume-of-fluid simulations including
species transport provide mechanistic insights: while
structure-induced interfacial area increases contribute
marginally, enhanced internal mixing dominates mass
transfer intensification. Convective mixing patterns in
steep wave humps transport COz-saturated liquid from
the interface toward less saturated bulk regions (Fig. 2).

The highly dynamic interface reconfiguration,
combined with interplay between large-scale and small-
scale mixing patterns, continuously disrupts the
concentration boundary layer, enabling substantially
larger liquid phase fractions to participate in absorption.
However, tracer simulations reveal broadened
residence time distributions, indicating potential

limitations where short contact times are required.
Cean -
0l 03 035 07 09

Figure 2. Spatial CO, concentration distribution reveals distinct
transport mechanisms. Left: Solitary waves on smooth surfaces
transport CO; in isolated clusters. Right: Structured surfaces (Ds = 4
mm, Hs = 0.45 mm) generate convective mixing zones that transport
saturated liquid toward bulk while wave humps continuously merge,
disrupting the concentration boundary layer. Re = 342.

These findings establish fundamental understanding of
structure-induced resonance wave effects in falling film
reactors, providing design guidelines for surface
structure optimization, e.g., in CO2 capture and related
mass transfer  applications. The  approach
demonstrates significant potential for process
intensification through passive flow manipulation
without requiring external energy input.
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Sweetening the Deal: Boosting Cannabinoid Bioavailability through Yeast-

Based Glycosylation.

Enzymatic glycosylation of phytocannabinoids utilizing a bioengineered Saccharomyces cerevisiae expression

platform.

Christina Schmidt, Astrid Maria Imann, Nikolay Vasilev, Oliver Kayser

Phytocannabinoids like cannabidiol (CBD) and A°-tetrahydrocannabinol (THC) hold immense pharmaceutical
promise, yet the clinical application of these terpenophenolic compounds is frequently hampered by high lipophilicity,
which severely limits their bioavailability in the human body. Glycosylation, the enzymatic attachment of sugar
moieties, offers a solution by dramatically increasing the water solubility and stability of these molecules, potentially

transforming them into more effective prodrugs.

In this study, the group explored the potential of the
UDP-glycosyltransferase  CrUGT74AN3 from the
Madagascar periwinkle (Catharanthus roseus). The
researchers demonstrated that this enzyme is a
versatile biocatalyst, and in its extracted and purified
form successfully glycosylates 12 different cannabinoids
and two biosynthetic intermediates (Fig. 1). The highest
activity was observed with CBD, achieving a remarkable
97% conversion rate and while neutral forms like CBD
and cannabigerol (CBG) were easily converted, the
enzyme struggled with acidic precursors (e.g.,
cannabigerolic acid), suggesting that an additional
carboxyl group hinders proper binding in the catalytic
pocket of the enzyme.

Conversion [%]

0 0 0
CBD CBG CBE CBC CBL CBN THC €BD-C3 CBDC1 CBD-CO CBDA  CBGA oA oL

Substrate Substrate Substrate Substrate

Figure 1. Conversion of different cannabinoids and cannabinoid
biosynthesis intermediates by CrUGT74AN3. (A) Cannabinoids, (B)
Cannabidiol derivatives with decreasing alkyl chain length, (C) Acidic
cannabinoids CBDA and CBGA, (D) Cannabinoid biosynthesis
intermediates OA and OL.

The team moved beyond in vitro enzyme assays to
develop a whole-cell biotransformation platform using
bioengineered Saccharomyces  cerevisiae. By
identifying and overcoming metabolic bottlenecks,
significant production milestones were achieved. The
study identified the supply of UDP-glucose as the
primary limiting factor for in vivo production. This was
shown by producing the heterologous strain yGLY13
expressing CrUGT74AN3 with additional modifications,

including overexpression of internal UDP-glucose
biosynthesis genes (PGM2 and UGP1) and knocking
out endogenous glucosidases (EXG1, SPR1, and
EGH1). The results showed an overall increase in
internal UDP-glucose concentration, a 1.3-fold
increase in CBD-diglycoside production, and complete
conversion of CBD to glycosylated moieties within 24
hours (Fig. 2).
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Figure 2. Biotransformation of CBD to CBD-monoglycoside (CBD-
MG) and CBD-diglycoside (CBD-DG) using S. cerevisiae cells
expressing CrUGT74AN3. (A) Schematic overview of the
bioengineered yGLY13 strain. (B) Biotransformation experiment
using strain yGLY13.

Perhaps the most striking breakthrough of this study
was the co-expression of CrUGT74AN3 with a
cyclodextrin glycosyltransferase (BICGTase) from
Bacillus licheniformis. This "tag-team" approach
allowed the yeast to build extended sugar chains,
producing CBD-glycosides with up to six glucose
moieties. This significantly increases the potential for
tailored solubility and the development of targeted drug
delivery systems.

These findings provide a robust foundation for the
industrial-scale production of bioavailable, water-
soluble cannabinoids. Future research will focus on
selective production strategies and further enzyme
engineering to optimize these microscopic factories for
a broader range of pharmaceutical aglycones.
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Genome reduction of Myxococcus xanthus.
Toward the development of a versatile host for heterologous natural product biosynthesis

Dustin Joshua Vollmann, Lucia Lernoud, Markus Nett

The myxobacterium Myxococcus xanthus is an attractive host for the recombinant generation of bioactive small
molecules, including the new antibiotic corallopyronin A and the cholinesterase inhibitor physostigmine. Since the
selection of the correct host strain is of utmost importance to achieve high product titers in heterologous systems, we
previously analyzed different strains of M. xanthus with regard to their growth characteristics and genetic amenability.
A non-motile derivative of the type strain FB was found to exhibit particularly short generation times and to be highly
susceptible to transformation procedures. This strain, NM, was now selected as a starting point for the development

of a genome reduced platform organism.

M. xanthus NM possesses a comparatively large
genome of about 9.3 Mb. Bioinformatic analyses
revealed the presence of 31 biosynthetic gene clusters
(BGCs), of which 11 could be associated with the
production of known natural products (Figure 1). We
hypothesized that the deletion of these loci could
improve the biotechnological performance of M. xanthus
by economizing the cellular metabolite flux and
liberating biosynthetic resources. Moreover, we
anticipated that the abolishment of the natural
secondary metabolome in M. xanthus would facilitate
the recovery and purification of recombinantly generated
natural products.
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Figure 1. Graphical display of the M. xanthus NM chromosome. The
inner ring shows a normalized plot of G+C content (blue). The outer
two rings show predicted open reading frames on the reverse (dark

red) and forward strands (light red), respectively. Boxes indicate the
location of biosynthetic loci.
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To test our hypothesis, we focused our efforts on the
characterized BGCs 1-11, all of which were individually
deleted from the M. xanthus chromosome. Since all
single deletion strains were viable, the next step was to
construct a genome-reduced strain by successive BGC
removal. Unexpectedly, the combined deletion of certain
BGCs was not tolerated by M. xanthus. Despite these

difficulties, we eventually generated a strain, which
lacks seven BGCs of the parental NM strain
corresponding to 230 kb or 2.5% of the original
genome. To explore the biotechnological performance
of the genome-reduced strains, they were individually
transformed with a previously constructed expression
plasmid, which enabled them to synthesize a
caboxamycin-type benzoxazole. A comparative
analysis of all generated strains showed that the
accumulation of BGC deletions was initially
accompanied by increasing titers of the recombinantly
produced benzoxazole (Figure 2).
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Figure 2. Production titer of the heterologously produced
benzoxazole in M. xanthus NM and genome-reduced strains A-1 to
A-7. The bars represent the mean value + standard deviation (n = 3);

n.d. = not determined. Independent t test: *, p < 0.025. n.s., no
significant difference (p > 0.2).

The biotechnological capacity of the M. xanthus
deletion mutants peaked at the A-5 strain. Here about
1.7% of the genome were removed. The considerable
titer increase that was achieved with the genome-
reduced A-5 strain, together with its robust growth
profile, should make it a promising host for the
heterologous production of bioactive small molecules.
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Continuous Production of Renewable Platform Chemicals.
Producing ester-aldehydes from Plant Oils by Cyclodextrin-Mediated Hydroformylation in Water

Thomas Friedrich Hubertus Roth, Tobias Averbeck, Marvin Daalmann, Dieter Vogt and Thomas Seidensticker

Renewable “platform” chemicals that can replace fossil-based monomers are in high demand. One promising route
starts from plant-oil molecules with a carbon—carbon double bond. Using a rhodium catalyst in a water-and-oil (two-
phase) system—assisted by cyclodextrins—a formyl group can be added in a highly selective way (hydroformylation)
to make useful ester-aldehydes. These products can then be turned into important building blocks for biobased
plastics, such as amino/hydroxy esters and dicarboxylic acids. Because the process must be cost-effective, recycling
the catalyst is essential. In this work, methyl 10-undecenoate (from castor oil) and methyl 9-decenoate (from
rapeseed oil) are converted into methyl 12-oxododecanoate and methyl 11-oxoundecanoate, respectively, in high

yield and with high productivity.

A technically viable route to renewable, bifunctional
platform chemicals was established by combining
regioselective hydroformylation of plant-oil-derived
terminally unsaturated esters with an aqueous biphasic
catalyst-recycling concept. Methyl 10-undecenoate
(from castor oil) and methyl 9-decenoate (from
rapeseed-oil-derived streams) were selected as
representative feedstocks, and the corresponding linear
ester-aldehydes methyl 12-oxododecanoate and methyl
11-oxoundecanoate were targeted. These products
were positioned as versatile intermediates for
subsequent conversion into w-functional building blocks
relevant to bio-based aliphatic polycondensates (Figure

1).
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Figure 1: Linear, aliphatic ester-aldehydes as renewable platform
chemicals derived from the hydroformylation of unsaturated
oleochemicals offer a broad field of application in different
polycondensates.

The central limitation addressed was the trade-off
between the high performance of homogeneous
rhodium catalysis and economically feasible catalyst
recovery. A cyclodextrin-mediated aqueous biphasic
system was therefore implemented in which a
sulfonated Rh—sulfoXantphos catalyst was retained in
the polar phase while substrate and products formed a
separate organic phase. Randomly methylated B-
cyclodextrins were applied as phase-transfer
intensifiers; inclusion-complex formation was exploited
to enhance the effective availability of hydrophobic
substrates in the aqueous catalyst phase without
compromising macroscopic phase separation. The
mechanistic concept and recycle-oriented flowsheet are
summarized in Figure 2.
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Figure 2. Postulated mechanism in the cyclodextrin-mediated
biphasic reaction system (left. A basic flow sheet for the recycling of
homogeneous catalysts in aqueous biphasic reaction systems is
used in this work (right).

i

Reaction conditions were optimized using a tailored
Design-of-Experiments  strategy = combined  with
Gaussian-process regression. A composite objective
function integrating selectivity, space—time yield (STY),
turnover number (TON), and rhodium leaching was
defined to reflect the multi-criteria requirements of
continuous processing. A decisive lever was the strong
increase of the cyclodextrin-to-rhodium ratio (within
viscosity-imposed operability limits), enabling a marked
reduction in catalyst concentration together with higher
substrate loading and thus higher productivity. When
the parameter set was transferred to methyl 9-
decenoate, comparable performance was obtained,
indicating robustness across relevant substrates.

The optimized conditions were subsequently
transferred to continuous miniplant operation. As full
conversion could not be reached in continuously stirred
tank reactors at practical residence times, the
residence time was set to 3 h. In continuous operation,
yields of up to 65% were achieved with aldehyde
selectivities close to 90%. Overall, competitive
continuous productivity and efficient homogeneous
catalyst recycling were demonstrated for bio-based
ester-aldehydes as renewable platform chemicals.
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Waste-Free Isolation of High-Purity Amines.
Selective Ammonium Carbamate Crystallization for Isolating Primary Amines from Amine and Reaction Mixtures.

Bernd Rienhoff, Dilara Mede, Mara Schéler, Dieter Vogt, Thomas Seidensticker

Amines are widely used to produce fine chemicals, dyes, agrochemicals, pharmaceuticals, and polymers. Primary
aliphatic amines present especially valuable intermediates, but their high reactivity yields product mixtures with
secondary and tertiary amine species that require energy-intensive separation. The utilization of homogeneous
catalysis presents a selective alternative, although the challenging separation of product and catalyst arises. In this
work, CO2 is used to reversibly form solid ammonium carbamate salts, demonstrating purification of amine mixtures
and separation of product and homogeneous catalyst mixtures by crystallization.

Separating primary from secondary and tertiary amines
is a persistent bottleneck for sustainable amine
production, as many established purification routes are
multistep, energy-intensive, or generate substantial
waste (Figure 1). Here, we describe selective
ammonium carbamate crystallization (SACC), an
efficient separation strategy exploiting solubility
differences of ammonium carbamate species formed via
reversible, waste-free salt formation of amines with
CO2. As CO2 addition and release is reversible, it acts
as a clean, switchable agent enabling selective
crystallization of primary amine species without
stoichiometric waste formation (Figure 2).
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Figure 1. lllustration of standard primary amine purification strategies
and selective ammonium carbamate crystallization (SACC, this work).

SACC demonstrated the purification of challenging
amine mixtures. Starting from feeds with only 35%
primary amine content, it achieved up to 94% isolated
yield with >99% purity. Beyond primary amine isolation,
it also enables secondary/tertiary separation (up to 86%
yield, 91% purity) and fractional crystallization of
mixtures containing all three amine classes, producing
fractions with 83-94% vyields and ~90% to >99%
purities. Notably, the method can also enrich
unsaturated, cis fatty amines by preferential
crystallization of saturated and trans-configured
components.
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Figure 2. lllustration of the selective ammonium carbamate
crystallization (SACC) comprising of the steps (A-D) for primary
amine isolation.

Furthermore, SACC was also implemented in the
alcohol amination reaction as an isolation strategy from
homogeneously catalyzed reaction mixtures. High
isolation performances were achieved with primary
amine yields up to 84% and purities exceeding 99%.
Catalyst losses indicated by the ruthenium and
phosphorus contents in the final product are minimal,
averaging <1% of initially utilized amounts.

Overall, SACC indicated high potential as a versatile
purification and isolation method that improves
separations and supports scalable, lower-free primary
amine production. Ongoing work will broaden
compatible reactions and further assess catalyst
stability and recyclability.
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Efficient Product-Catalyst Separation in Homogeneous Catalysis.
Selective Separation of Tertiary Amines via a COz-Induced Polarity Switch

Tim Benjamin Riemer, Milan Danilo Kula$ , Ma-Azou Baba, Dieter Vogt, and Thomas Seidensticker

Amines appear in many everyday products, from medicines and crop-protection agents to solvents, plastics, and
detergents. They can be made efficiently by homogeneous catalysis, which often gives high selectivity under mild
conditions, but catalyst—product separation is difficult. In switchable systems, reactions are run as one phase for high
productivity, then shifted to two phases so products and catalyst separate easily. In thermomorphic multiphase
systems, the mixture is uniform when hot and splits on cooling into a polar catalyst phase and a nonpolar product
phase. One option is reversible binding of amines with CO, to form water-soluble ammonium bicarbonates. Usually
the amines are part of the solvent system. Here the amines are targeted as the product.

In this article we introduce Switchable Hydrophilicity
Amine Product Extraction (SHAPE) as an integrated
downstream concept for homogeneously catalyzed
tertiary amine synthesis, with the explicit objective of
replacing energy-intensive distillation by a phase-
switching work-up. The separation principle was based
on a reversible CO,-triggered polarity switch: after
catalytic formation in a nonpolar organic phase, the
tertiary amine product was converted into a polar
ammonium bicarbonate upon CO, loading and was
thereby transferred selectively into an aqueous phase
by reactive extraction. Subsequent CO, stripping
regenerated the free amine, which then phase-
separated from water and was recovered by simple
decantation.

Reactive Extraction

CO, Stripping

Fine.. 3 Puri
‘\c}o;,; Sors E

Figure 1. General concept of Switchable Hydrophilicity Amine Product
Extraction (SHAPE): consisting of reaction (A), reactive extraction via
CO; (B) and stripping of CO, (C) for pure amine recovery.

A systematic solvent screening, performed with N,N-
dimethylbenzylamine (DMBA) as a model product,
demonstrated that solvent polarity governed both
extraction kinetics and the final phase distribution. More
polar solvents accelerated equilibration - consistent with
improved CO,/carbonic-acid availability and mass
transfer - but retained larger fractions of protonated
amine in the organic phase. Highly nonpolar solvents
minimized organic retention of the protonated species
but exhibited slower approach to equilibrium. Anisole
was identified as the best compromise, providing
efficient extraction and favorable partitioning. Beyond
technical performance, anisole was also preferred over
other nonpolar solvents such as n-heptane and
cyclohexane due to their ecotoxicology. Operating
parameters were then optimized for both steps of the

switchable sequence.

Applicability to catalytic systems was assessed
thereafter. Reductive amination was reported to be
poorly compatible with nonpolar aprotic solvents,
whereas alcohol amination provided a better match to
the solvent environment preferred for SHAPE.
Consequently, Ru-catalyzed alcohol amination of
benzyl alcohol in anisole was used as the model
synthesis route (Figure 2).

Reductive amination:

o \N/

| H [Rh/Xantphos]
+ N —_— + H,0

Alcohol amination:

OH
[Ru/Xantphos] T

Figure 2. Main reaction paths in reductive amination and alcohol
amination for the production of N,N-dimethylbenzylamine (DMBA).

After reaction and SHAPE work-up, DMBA was isolated
in 84.9% vyield at 91.8 wt% purity, with residual
impurities dominated by water and minor anisole.
Catalyst retention was high, as only 0.09 wt% of Ru was
detected in the product phase. Finally, SHAPE was
combined with thermomorphic multiphase systems
(TMS) to enable a staged “catalyst separation + amine
isolation” strategy; several aliphatic tertiary amines
were recovered from complex mixtures with purities up
to 97.3 wt%, while nonpolar byproducts were largely
retained in the solvent phase. This highlights SHAPE
as a robust alternative to distillation for high-boiling
product streams.
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Process Intensification for Continuous Multiphase Reactions.

Coupling Gas Permeation with Gas-Consuming Reactions in Slug-Flow Capillaries for Continuous, Selective
Biodiesel Hydrogenation

Florian Lehmann, Niclas von Vietinghoff, Peter Pey, Karl Steffen Wulle, Thomas Seidensticker

Multiphase reactions are often rate-limited by mass transfer resistances; therefore, reactor design for optimal mixing
is crucial. Capillary reactors enable slug flow, where alternating liquid and gas segments create strong internal mixing
with a defined residence time, and a high surface-to-volume ratio that improves mass and heat transfer. For gas-
liquid reactions, low gas solubility and rapid consumption often lead to shrinking gas segments, disrupting the flow
pattern, and changing residence times, which can reduce selectivity when follow-up reactions occur. Continuous gas
replenishment into slug flow by permeation through fluorinated capillary walls was already demonstrated, but it has
rarely been applied together with catalytic reactions. Selective partial hydrogenation towards monounsaturated
species is a useful exemplary gas-liquid reaction, where full saturation must be avoided.
Here, gas permeation is integrated into a capillary slug-flow reactor for continuous selective partial hydrogenation of
fatty acid methyl esters, and the influence of gas supply and operating mode is evaluated.

A capillary slug-flow reactor concept with integrated
hydrogen permeation to enable stable continuous
operation of gas-consuming multiphase reactions is
presented using the selective partial hydrogenation of

a stable two-phase slug flow.

Applying  hydrogen  permeation, the product
composition remained essentially unchanged relative

soybean-derived fatty acid methyl esters as a model
gas-liquid reaction. The key challenge addressed is that
hydrogen consumption in conventional reactive slug

to slug flow without permeation, but flow stability
improved, with more uniform slug sizes and reduced
residence time, consistent with mitigated bubble

flow causes gas-bubble shrinkage, destabilizing ~ shrinkage.

segmentation and altering residence time. To overcome
this, hydrogen is continuously replenished through the
gas-permeable fluoropolymer capillary wall, maintaining
a stable flow regime. Several different reactor concepts
and operating modes apart from a batch reaction are
investigated and are summarized in Figure 1, including
the presence or absence of additional gas slugs.

Kinetic evaluation indicated a >9-fold rate increase for
the formation of the monounsaturated compound from
the twice unsaturated one relative to a batch reaction
under the same conditions and a TOF20-equivalent of
257,000 h™". No mass-transport limitations are
observable anymore under these conditions. At the
same time, capillary slug flow without permeation still
leads to an intensified reaction compared to batch.

H, FAME  Pd (8 phase)
slugs (b)

Overall, reaction gas permeation was established as a
mn O J— practical tool to stabilize reactive slug flow and intensify
FAME s the selective hydrogenation of a renewable feedstock,
offering transferability of the concept to any other mass-

ey, ] A & geith transport-limited gas/liquid reaction in a slug-flow
2 FAME 2 permeation (d) regime
HZ
""""""""""""""""""""" florian.lehmann@tu-dortmund.de
batch (a) woivente P4 FAME oty sermeaton 0 thomas.seidensticker@tu-dortmund.de
—— Publications:
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Seidensticker, T., "Integrating Gas Permeation with Gas-

Figure 1. Schematic and enlarged (not to scale) possibilities of Consuming Reactions in Slug-Flow Capillaries: Continuous

investigated reactor concepts. (a) Batch reaction with one or two liquid
phases and one gas phase. (b) Reaction in capillary with three phases,
shrinking gas slugs and without additional solvent. (c) Reaction in
capillary with two phases, shrinking gas slugs, and additional solvent.
(d) Reaction in capillary with two phases, additional solvent, and gas
replenishment by permeation leading to gas slugs with roughly
constant size. (e) Reaction in capillary with one phase, additional
solvent, and permeation, without additional gas slugs.

and Selective Hydrogenation of Biodiesel”, ACS Sustainable
Chem. Eng. 2025, 13, 20242-20252,

A solvent-stabilized Pd nanoparticle catalyst in
propylene carbonate is employed, and conditions are
optimized to favor the formation of the monounsaturated
compound while suppressing overhydrogenation. Direct
transfer of a typical batch protocol to the capillary setup
necessitates the use of an additional solvent to establish
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Sustainable Transfer Hydrogenation.

Formic Acid from Waste-Derived Aqueous Streams as a Hydrogen Donor, Catalysed by the SulfoShvo Catalyst

Justus Diekamp, Milan D. Kulas, Jakob Albert, and Thomas Seidensticker

As the chemical industry shifts from fossil to renewable feedstocks, more reduction reactions will be needed because
many bio-based molecules are oxygen-rich. While electrolysis-derived hydrogen will likely dominate, storage and
safety issues - plus the chance to use waste streams - make liquid hydrogen carriers attractive. Formic acid is a
promising hydrogen surrogate, especially when produced from biomass via the commercial OxFA process, which
can use varied carbon sources and delivers a 50—60 wt% aqueous formic acid solution that is usually concentrated
before use. Direct use of this crude aqueous solution would avoid resource-intensive separation, but many
homogeneous transfer-hydrogenation catalysts are not compatible with water and acidic conditions. Here, this
limitation is addressed using a highly water-soluble Shvo-type catalyst (sulfoShvo) that operates without added base
and is better suited to acidic media, enabling direct application of OxFA formic acid in transfer hydrogenation.

In this article, the direct use of waste-derived aqueous
formic acid (FA) solutions as a hydrogen donor for
catalytic transfer hydrogenation was demonstrated,
thereby avoiding the energy- and resource-intensive
concentration and purification steps typically required to
obtain commercial-grade FA. The study was motivated
by the OxFA process, which generated crude FA
streams of roughly 50-60 wt% in water from biomass-
derived byproducts (e.g., raw glycerol), but for which
classical downstream separation would normally
dominate process burdens. A decisive enabling element
was the highly hydrophilic and acid-stable sulfoShvo
catalyst, which remained active at pH = 1 and did not
require base activation, making direct utilization of
strongly acidic, aqueous FA realistic. The integrated
valorization concept which linkis biomass oxidation
(OxFA) to catalytic reduction without external H, is
outlined in Figure 1. Direct conversion of oxidized
feedstocks into reduced, bio-based platform chemicals
is depicted, with CO, arising as the benign byproduct of
FA dehydrogenation.

Raw OxFA Solution
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Figure 1. Flow scheme of the production of reduced, bio-based

platform chemicals through utilisation of the raw OxFA solution without
an external hydrogen source as proposed in this publication.

Levulinic acid (LA) was selected as a model substrate
because its  hydrogenation intermediate  (4-
hydroxyvaleric acid) rapidly cyclized under acidic
conditions to y-valerolactone (GVL), providing a robust
readout for conversion and selectivity. To operate above
the boiling points of water and FA, reactions were
performed in pressure autoclaves, and a temperature
screening (70-170 °C) identified 130 °C as an effective
compromise between activity and catalyst integrity. At
higher temperatures (=150 °C), the formation of black
Ru-containing particles indicated catalyst

decomposition. Under optimized conditions, catalyst
loadings as low as 0.2 mol% enabled rapid full
conversion at 130 °C. Importantly, a crude glycerol-
derived OxFA solution exhibited performance
comparable to an artificial 55 wt% FA/H,O mixture,
indicating substantial tolerance toward typical OxFA
impurities and supporting the premise that FA
purification was not mandatory for high catalytic
performance.

The impact of headspace composition was also
assessed. When N, was replaced by CO, pressure,
still a high yield with a reduced rate was observed,
consistent with partial inhibition or altered gas—liquid
equilibria in the closed system. Catalyst stability was
evaluated by recycling and low-loading studies: while
recycling at 130 °C showed pronounced deactivation,
markedly improved long-term performance was
obtained at 100 °C.

Finally, a broader substrate scope was demonstrated
for several water-soluble carbonyl and olefinic
compounds, underscoring the general applicability of
the OxFA/sulfoShvo system for sustainable reductions
that upgrade diluted, waste-derived FA streams into
valuable products without external hydrogen supply.
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The more the better? — Vitamin E TPGS as release enhancer for

Ritonavir/PVPVA ASDs

Ineke Fahrig’, Stefanie Walter?, Samuel Kyeremateng?, Matthias Degenhardt?, Gabriele Sadowski’, Christoph

Brandenbusch’

" TU Dortmund, Department of Biochemical and Chemical Engineering, Laboratory of Thermodynamics

2 AbbVie Deutschland GmbH & Co. KG, Development Sciences, R&D

Amorphous solid dispersions (ASDs) are state-of-the-art formulation strategies for improving the solubility and
release of poorly water-soluble small-molecule active pharmaceutical ingredients (APIs). Yet elevated drug loads
(DLs) frequently result in a loss of release (LoR). This study delivers a mechanistic insight on the concentration-
dependent role of Vitamin E TPGS in high DL ritonavir (RIT)/poly(vinyl pyrrolidone-co-vinyl acetate) (PVPVA) ASDs.
The results reveal the existence of a distinct design window in which TPGS effectively stabilizes the formulation and
preserves release performance. However, excessive TPGS amounts re-promote destabilization and LoR. Using a
thermodynamics-based design approach, rather than a “the more the better” principle, this work provides a rational

framework for optimizing next-generation high-DL ASDs.

At low DL (~ 20 wt.% in the system studied here), ASDs
typically demonstrate complete release of both the API
and the polymer (see Figure 1A). However, at higher
DLs (> 30 wt.%), the API release drops significantly,
leading to an incomplete or collapsed API release.
Phase separation within the ASD hinders APl release by
forming a continuous API-rich phase (see Figure 1B).
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Figure 1. Release profiles and schematic illustration of the phase
separation in ASDs with complete release (A) and minimal release
behavior (B).

Adding 3 wt.% Vitamin E TPGS increases the release,
with both RIT and PVPVA released completely.
However, at 40 wt.% DL, even high Vitamin E TPGS
concentrations (up to 10 wt.%) fail to achieve full
release. Our results suggest, that appropriate
concentrations of Vitamin E TPGS stabilize discrete
API-rich domains and hinder their coalescence during
phase separation in the ASD, enabling complete
release. However, excessive Vitamin E TPGS reduces
this stabilization potential.

The system can no longer maintain its two-phase liquid-
liquid phase behavior. Instead, an even more complex

three-phase demixing occurs (see Figure 2), where
API, polymer, and surfactant separate into distinct
phases:

an APIl-rich phase, a polymer-rich phase and a
surfactant-rich phase. This disrupts the established
stabilization mechanism, resulting in incomplete RIT
release.

water
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Figure 2. Schematic pseudo ternary phase diagram for the system
of RIT/PVPVA at fixed ratio of RIT to PVPVA 40:60 (ASD 40), Vitamin
E TPGS, and water (left) and schematic illustration of the three-phase
demixing in ASDs (right) above a threshold concentration of Vitamin
E TPGS.

Overall, this study highlights the critical role of
surfactants like Vitamin E TPGS in optimizing ASD
formulations, while emphasizing challenges that arise
at high surfactant concentrations. These insights are
valuable for the development of formulations where
optimizing API release must be balanced with other
critical factors, such as long-term stability or
manufacturability.
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Predicting solvation properties of ions in mixed solvents.
Further advancing the electrolyte equation of state ePC-SAFT

Paul Figiel, Gangqiang Yu, Christoph Held

Electrolyte solutions are omnipresent in the chemical industry, biotechnology and in the energy sector. They are used
in batteries, electrolysis and carbon capture, and many more. Electrolyte solutions involve both, aqueous and organic
solvent systems which often consist of mixtures of different solvents. However, literature data for mixed solvent
electrolyte solutions is scarce. Modeling tools such as ePC-SAFT can help to minimize the required experimental
effort by predicting thermodynamic properties of these solutions. In this work, the ion-dipolar interactions (the Born
term) within ePC-SAFT are characterized more quantitatively correct in order to be able to predict crucial properties

of mixed solvent electrolyte systems very accurately.

ePC-SAFT is an equation of state that incorporates
Helmholtz-energy contributions based on physical
molecular interactions. The ion-dipolar Born-energy
contribution within the ePC-SAFT framework has a very
strong influence on the results of the modeled
thermodynamic properties of ions at infinite dilution. In
previous works, an ion-specific diameter as well as an
averaged dielectric constant of the bulk liquid phase
were introduced as input into the Born term. In this work,
modifications to the averaging mixing rule and to the
Born term on the modeling results were explored. We
found that a very easy mixing rule for the relative
dielectric constant ¢r allows describing the experimental
data of different salts in water, methanol and ethanol
surprisingly well. The results of the new mixing rule for
gr are compared to the results with the mixing rule for &
of previous works in Figure 1.
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Figure 1. Relative dielectric constant & of aqueous electrolyte
solutions at 298.15 K and 1 bar. Solid line: old mixing rule; dashed line:
new mixing rule; symbols: experimental data points taken from
literature (details: see publication).

Further, the Born term was modified by considering two
additional effects in the ion solvation. The first effect is
the formation of a solvation shell of solvent molecules
around an ion. This was implemented in the Born term
by considering the solvation-shell diameter instead of
the Born diameter, since the latter neglects the kind of
the solvating molecules. The second modification deals
with the dielectric constant within the solvation shell,
where a lower dielectric constant compared to the bulk
phase is expected. This effect is called dielectric

saturation and was considered in ePC-SAFT.

These developments allowed for quantitative
descriptions of electrolyte solutions at infinite dilution in
pure solvents as well as for accurate predictions in
mixed-solvent systems. The results of the Gibbs energy
of transfer from water to water-methanol mixtures for
the potassium ion is shown in Figure 2.
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Figure 2. Gibbs energy of transfer from water to water-methanol
mixtures of the potassium ion at infinite dilution at 298.15K and 1 bar.
The circles are data taken from the literature (details: see publication)
and the line was predicted using ePC-SAFT.

Additionally, properties of concentrated solutions (e.g.
activity coefficients) of electrolytes in mixed solvent
systems were predicted. The predictions were in good
agreement with literature data. Overall, the
modifications to ePC-SAFT allowed for better
description of properties of electrolyte solutions at
infinite dilution while retaining the ability of ePC-SAFT
to predict properties of concentrated electrolyte
systems.
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Predicting solubilization of hydrophobic compounds by surfactants
A new thermodynamic modelling framework showing nearly quantitative predictive capabilities

Milan Vélkel, Gabriele Sadowski

The amphiphilic nature of surfactant molecules enables the solubilization of hydrophobic compounds via micellar
aggregate formation once the critical micelle concentration (CMC) is exceeded. This is of particular interest for
pharmaceutical formulations in which oil-swollen surfactant aggregates serve as effective carrier systems for poorly
water-soluble drugs. We present a new thermodynamic approach for modelling micellar solubilization, which has
been shown to accurately predict the drastic improvement in water solubility of long-chain hydrocarbons by

surfactants.

In the new modelling approach, we apply a mass-action
law describing the formation of mixed aggregates
comprising surfactants and solute molecules. The
aggregation equilibrium is described via an infinite
number of parallel reactions according to the formalism
depicted in Figure 1.
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Figure 1. Equilibrium between free surfactants and solute molecules
in the aqueous bulk phase and their corresponding mixed aggregates

The chemical potentials of all involved components are
calculated using the PC-SAFT equation of state. Herein,
mixed aggregates are treated as distinct species, which
are allowed to vary in both size and composition.
Conformational changes, steric effects, and Gibbs
energies of mixing inside the aggregates are considered
as additional contributions to the mixed aggregates’
chemical potentials, such that effects of their size,
geometry, and composition are explicitly accounted for.

This allowed for almost-quantitative predictions
(Figure 2) of liquid-liquid equilibria (LLEs) in ternary
systems containing water, polyethoxylated alkyl ethers
(CiEj) as surfactants, and linear hydrocarbons as
hydrophobic components.
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Figure 2. LLE of the system water + CgEg + n-dodecane at 298.15 K.
Green circles and half-black circles: Experimental binodal curve and
mixing points, respectively (ref. for exp. data see publication). Orange
and grey lines: Predicted binodal curve and tie lines, respectively.

Our approach is furthermore capable of quantitatively
modelling the CMC which is predicted as the decisive
threshold beyond which the solutes’ aqueous solubility
increases sharply (Figure 3).
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Figure 3. Equilibrium compositions of the aqueous phases in the
systems water + C4E¢ + n-decane (a) and water + C4Eg + n-decane
(b) all at 298.15 K. Green circles: Experimental data (for ref. see
publication). Orange lines: Model predictions. Vertical dotted lines
mark the CMC. Horizontal dashed lines mark the solubility of n-
decane in surfactant-free water.

The novel approach provides a predictive design tool
for surfactant formulations as a mean to overcome
solubility limitations of poorly water-soluble target
compounds. It therefore represents a promising step
towards in-silico screening methods of surfactants as
suitable solubilizing agents.
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Lithium extraction from salt-lake brines using dicationic ionic liquids.
ePC-SAFT modeling and molecular mechanisms.

Gangqiang Yu, Paul Figiel, Christoph Held

This work proposes a novel strategy for enhancing Li* extraction from salt-lake brines with the high Mg?*/Li* ratio
using dicatonic ionic liquid (DIL)-based extractants. The ternary mixture of the DIL [DOMIM][Tf.N]>, tributyl phosphate
(TBP) and dichloromethane (DCM) as a diluent achieved a higher single-stage Li+ extraction efficiency
((ELi+=86.40%) and separation selectivity of Li*/Mg?* (=302.37) compared with the ternary mixture based on
monocationic IL [OMIM][Tf:N] instead of the DIL. ePC-SAFT was used to qualitatively predict activity coefficients of
Li* and Mg?* in the organic phase of the so-called “organic—inorganic complex strong electrolyte system”. The DIL-
enhanced extraction mechanisms at the molecular level (i.e., Li* extracted the form of 2Li*+3TBP+2[TfoN} complex)

was revealed by slope analysis spectrum characters and quantum chemical (QC) calculations.

The IGM analyses were performed to further understand
the molecular-level mechanism for Li* extraction. The Li*
-[Tf2N]- system, the Li*---O=S interactions can present
between Li* and oxygens of O=S groups. It can be
visually observed that Li*-[Tf2N]- has two interaction
sites, while 2Li*-2[Tf2N] has six interaction sites, which
results in the DIL -based extractant has the stronger
affinity with Li*. Meanwhile, the similar phenomena are
also presented in the IGM distributions of H20-[OMIM]*
and 2H20- [DOMIMJ?* indicating the DIL can increase

affinity with H20 to improve the cation exchange for Li*
extraction.
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In ePC-SAFT modeling, Mg?*-related binary interaction
parameters were set to zero. The inverse infinite- dilution

Sﬁ{i‘g%or‘f%%fggﬁ{‘y t‘l r)ed| ?ed Iu???y” valu s %nnt
well with experimental distribution ratios (Dui+) for both
ions. With increasing ViL and Vree extraction increased
significantly before leveling off, whereas Mg?* extraction
showed a continuous increasing trend. These results
confirm that ePC-SAFT can qualitatively describe the

thermodynamics of this complex organic—inorganic
electrolyte system using minimal interaction parameters.
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Figure 2. Comparison of the calculated (lines) and experimental
(points) on the effects of the volume fraction of DIL(V\) (Mg?*/Li* =
46:1; and pH = 7 and V. = 0-30%) (a) and the TBP volume
concertation(Vsgp) (Mg?*/Li* = 46:1; and pH = 7 and Vrgp= 0-100%)(b)
on Li* extraction efficiency with [DOMIM][Tf.N], + TBP+DCM as
extraction system and the parameters were fitted to E i+ at O/A = 1:1
and 298.15 K, i.e., all other modeling lines are predictions.

To conclude, integrating experimental validation with
ePC-SAFT predictions and quantum chemical
calculations demonstrates that the novel
[DOMIM][TfN]>based system significantly enhances
Li* extraction via a stable 2Li*+3TBP+2[Tf,N]- complex,
offering superior selectivity and for complex brine
treatment compared to monocationic analogues.
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An extended approach to multiscale simulation of structured heat
exchang-ers for enhanced battery cooling.

Simon Baier, Michael-David Fischer, Norbert Kockmann, Alba Dieguez-Alonso

In recent years, EV battery demand experienced rapid growth. To avoid accelerated aging of widely used lithium-ion
packs, temperatures must be maintained within roughly 15-35 °C. This paper develops a multiscale simulation ap-
proach that couples CFD and FEM on representative unit cells, requiring only the flow pattern and inlet temperature
to compute detailed temperature and pressure fields for an entire battery pack. Applied to a 448-cell 18650 pack
with sinusoidal cooling channels, the model reproduces full-scale heat-flow and pressure-drop results within about
3% and 1 %, respectively, showing both its accuracy and computational efficiency.

The multiscale simulation framework divides the battery-
pack heat-exchanger into representative “unit cells” and
models them individually using CFD-FEM; each unit cell
comprises 16 18650 lithium-ion battery cells
(18 mm x 65 mm), thermally conductive paste, and a si-
nusoidally corrugated aluminum cooling plate, yielding a
balanced compromise between heat-transfer enhance-
ment and pressure drop. A two-dimensional finite-differ-
ence sub-model solves the temperature field within a cy-
lindrical battery cell, allowing the detailed unit-cell model
to be reduced to the coolant, plate and the thermal
paste; results from these unit-cell simulations are then
linked to construct a large-scale battery-pack model.
The unit-cell model was evaluated over multiple geome-
tries and inlet temperatures, revealing fully developed
flow within half a unit cell, detachment vortices at chan-
nel extrema producing local hot spots, and a pressure
drop of roughly 11 Pa per cell.
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Figure 1. Model scheme of the multiscale simulation method intro-
duced in this work.

By interconnecting 32 unit cells in a large-scale model
the entire battery pack was simulated. This multiscale
approach was validated using a full-scale CFD-FEM

simulation, showing temperature fields within 0.5 % er-
ror and cooling-power and pressure-drop predictions
within about 3 %, with discrepancies mainly at channel
bends.
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Figure 1. lllustration of the large-scale integration procedure used to
describe the entire battery pack.

Parametric studies indicated that battery temperatures
are most sensitive to heat generation; increasing cool-
ant flow raises the heat-transfer coefficient but also the
pressure drop, and adjusting inlet temperature and flow
enables pack designs that keep cell temperatures in the
required 15-35 °C range while balancing thermal and
hydraulic performance.
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alba.dieguez@tu-dortmund.de
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