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Dear Reader

Meanwhile the second year has passed since |
moved to Liége in Belgium, where the group is
slowly growing and the infrastructure is devel-
oping so that it can be used for our research.
For example, the single-drop cells are opera-
tional again, with the help from former cowork-
ers from Aachen and Graz, namely Andreas
Bednarz, Eva Kalvoda, and Markus Luckge, for
which we are quite thankful. Currently these
cells are also used by Ms. Marjan Mohammadi
Sarab Badieh, who is a guest from the Bu-Ali
Sina University in Iran, supervised by professor
Dr. Javad Saien.

After having moved to Liége, | am frequently
asked, if the research focus of my group has
changed. It is still solvent extraction, phase
separation, and exergetic evaluations of pro-
cesses, together with the corresponding fun-
damentals especially in mass transfer and
thermodynamics. In principle, also other ther-
mal separation processes can be treated as
well, as for example distillation of aqueous
systems in the past. We are applying our
methods especially for the development of
biobased processes, phosphorus recovery

from sewage sludge, and urban mining — to
mention just some topics.

Fig. 1: Invited to Bioeconomy Science Center
Symposium, 21.11. in Cologne (photo:

Forschungszentrum Jilich)

The second question usually asked relates to
the language, in which | am teaching: English.
That is part of my contract, thus this contribu-
tion to the internationalization of the University
of Liége was explicitly desired. On the other
hand and to calm those, with whom | am di-

rectly interacting at the university, | am very
well aware that | need to learn French, be-
cause Liege is — apparently — located in the
French-speaking part of Belgium, in Wallonia.
The progress is — also apparently — unfortu-
nately a question of available time.

Our campus is located in Liege, but at quite
some distance from the city center. The build-
ings of the campus are integrated into forests,
which are utilized as an outdoor museum (Le
Musée en Plein Air), where every some 100 m
along the trails some exhibit can be observed.
The interested reader can find a more detailed
description at http://www.museepla.ulg.ac.be/.
An example found near our offices is shown in
Fig. 2. At the same time the area is a nature
reserve.

Fig. 2: Art at the campus Sart-Tilman

In this inspiring environment, which invites to
extended contemplations, we are thus trying to
understand the behavior on the small scales of
chemical-engineering processes as basis for
large-scale equipment design. Some aspects
of our walk between the scales are presented
on the following pages, which can of course
only show a glimpse of the details regarded. In
parallel in a variety of direct interactions with
industry, we have transferred our knowledge
into the industrial realm, e.g. with dedicated
industry workshops. Finally, in this report also
some non-research topics are covered. Enjoy
reading!

Andreas Pfennig
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Department of Chemical Engineering

Our research group is embedded in the PEPs
group (Products, Environment, and Process-
es), which is one of the three groups in the
Department of Chemical Engineering, which is
part of the Faculty of Applied Sciences. The
research at the Department of Chemical Engi-
neering is covering the design and integration
of unit operations as well as the corresponding
fundamentals like mass transfer and reaction
kinetics, but also focusses on a variety of spe-
cific product-oriented themes like environment,
batteries and fuel cells. Research is organized
along three main axes:

e Cryotechnology (Cryo): The CRYO Group
is specialized on solving specific problems
for components or motors for the European
'Ariane’ cryogenic equipment. Test benches
are used, with the major characteristic of
complete instrumentation and very fast and
flexible data acquisition. One of these
benches is used to investigate dynamic
sealing relevant for the front-powered vinci,
the last stage of the future 'Ariane 6' en-
gine.

¢ Nanomaterials, Catalysis, Electrochemistry
(NCE): The NCE focusses on development
of nanostructured materials for various ap-
plications such as catalysis, electrochemis-
try and functionalized coating. The specific
strength of NCE research lies in its trans-
versality, integrating matters of material
science and chemical engineering. Major
research topics are the
- synthesis, formatting and pilot scale pro-
duction of nanostructured materials
- characterization and development of tools
for the characterization of nanostructured
materials
- application of nanostructured materials in

catalysis, electrochemistry and effluent
treatment
e Products, Environment, and Processes

(PEPs): The PEPs group deals with reactor
technology and separation processes as
well as the required fundamentals like fluid
dynamics, heat and mass transfer, and re-
action kinetics. The individual unit opera-

tions are integrated into processes aiming
at optimal products and process perfor-
mance. Areas of application are biobased
products, carbon capture and conversion,
as well as environmental issues like
wastewater treatment.

Fig. 1: Permanent members of the Depart-
ment of Chemical Engineering, from
left:

Benoit Heinrichs, Grégoire Léonard,
Angélique Léonard, Andreas Pfennig,
Dominique Toye, Nathalie Job,
Jean-Luc Bozet, Stéphanie Lambert,
Marie-Noélle Dumont, Cédric Gommes

In the PEPs group, we are active in the fields
of (bio-) chemical reaction engineering, thermal
and mechanical unit operations, process simu-
lation, low carbon energy systems and sus-
tainable development. This includes the corre-
sponding fundamentals, especially mass and
energy transfers, and multi-phase fluid dynam-
ics. A strength of our approach is to link the
different scales in time and space:

e starting from microscopic and even molecu-
lar level

e having a strong focus on the equipment
level in experiment as well as modelling

e reaching up to the simulation of entire pro-
cesses

e and evaluating the favored large-scale de-
ployment pathway.

This allows us to reliably describe and optimize
equipment performance based on physically
sound modelling, which even includes extrapo-
lation beyond the region of experiments. These
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tools permit a knowledge-based optimization of
equipment design and operation parameters,
as a basis for safe, sustainable and profitable
scale-up of the processes. Indeed, the simula-
tion of entire processes together with Life Cy-
cle Assessment (LCA) as eco-design support
guide the optimization on the process level,
where economic as well as environmental
parameters are included in the evaluation.

Experimental infrastructure is available for
model development and validation, covering a
wide range of applications, e.g.

e to study hydrodynamics in a various equip-
ment with x-ray tomography on large scale
and trajectography of drops and patrticles,

¢ to follow the microstructure of materials and
systems during their processing especially
in a product-oriented engineering approach
with (micro-) tomography,

e lab-scale measuring devices for characteri-
zation of behavior of drops and dispersions
as well as pilot-plant scale equipment for
various unit operations like drying and distil-
lation.

In addition, adequate chemical analysis equip-
ment is used to determine gas and liquid
phase compositions, including various chroma-
tography and X-ray devices.

Fig. 2: X-ray tomograph for equipment with up
to 45 cm diameter and 4 m length, and
a resolution of 0.5 mm
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The future perspective of our research — be-
sides further development of our fundamental
methods — is to get chemical-engineering de-
sign tools prepared for the future. Thus our
current research topics aim at allowing safe
design of sustainable chemical and biobased
processes, where process-specific material
and energy transformations imply properties
changes in the systems like e.g. increased
viscosity, posing challenges to the chemical
engineer. Similarly the recycle of used material
like recovery of phosphorus from sewage
sludge or the separation of rare earth elements
in urban mining create new and challenging
engineering tasks. In particular, main and al-
ternative routes have to be evaluated and
compared for sustainability and this can be
done with the methods we design.

Fig. 2: Technical hall for larger equipment

The majority of our methods and applications
is developed in cooperation or at least in close
contact with industry, including essentially all
major chemical companies and a variety of
local and European SMEs.

The University of Liége also has strong activi-
ties in the areas of biotechnology, microbiolo-
gy, and biological sciences, including agrono-
my, which is located at the Gembloux campus
and organized in the faculty Agro-Bio Tech.
The Department of Chemical Engineering has
established close links to Agro-Bio Tech.

Thus at the University of Liege we combine all
expertise required to design chemical-engi-
neering processes and equipment in detail and
as a whole, including environmental issues and
overall process optimization.

For further questions and comments, please
contact:

Andreas Pfennig

phone: +32 (0) 4 366-3521
andreas.pfennig@ulg.ac.be
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Modeling of Polydisperse Sedimentation
Using Alginate Gel Beads

David Leleu

Motivation

Separation of liquid-liquid dispersions with mul-
tiple phases involves different interactions be-
tween the different dispersed species present in
the system, which makes it difficult to predict
e.g. the separation behavior. Nevertheless such
systems are relevant in chemical engineering
e.g. for systems involving drops, gas bubbles
and simultaneously solid particles like in a fer-
mentation broth. Models for describing the sed-
imentation behavior as a basis for settler design
are available in principle, but have not been sys-
tematically validated for variation in size-distri-
bution and e.g. density differences between the
various species in the system. Thus, to design
technical separation equipment, the separation
process has to be better understood, which re-
quires the study of the sedimentation as a first
step.

F|g 1 Polydlsperse drop size dlstlbutlon in the
Henschke settling cell

This project is focused on the interactions,
which occur between each species during the
sedimentation like the effect of polydispersity on
sedimentation, as shown on Fig. 1 or the effect
of descending particles when they meet as-
cending drops. However, a proper study of the
sedimentation with fluid phases is difficult due
to other phenomena occurring simultaneously,
like coalescence. To overcome this issue, the
use of gel beads is proposed, which due to their

solid interface cannot coalesce. In addition, it is
easy to define their parameters, which are the
density, the hardness and the size distribution.
Besides, they can also be preserved during an
extended period of time, experiments can thus
be reproduced many times with identical beads.

First Results

The first part of the project focusses on produc-
tion and characterization of alginate gel beads.
Their production should be simple and repro-
ducible while allowing easy and flexible modifi-
cation of their properties.

The developed process allows changing the
color by adding pigments and the density by
adding e.g. copper powder or oil in the alginate
solution. The solution is injected through a nee-
dle to produce alginate drops. The drops are
then driven by an airflow surrounding the nee-
dle. Drops then enter into a calcium-chloride so-
lution leading to gelation. The size distribution
can be defined by changing the air flow rate and
the needle diameter.

Calibration experiments have been be per-
formed testing the different experimental pa-
rameters. These tests are useful to easily define
the bead parameters during their production. An
illustration of alginate copper beads is shown on
Fig. 2.

\v L
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Fig. 2: Copper-enriched beads, 2 mm dlameter
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In a next step, the gel beads need to be charac-
terized in term of density and size distribution.
The alginate-gel beads sediment very slowly,
which is an advantage regarding the sedimen-
tation studies, however in order to validate
mathematical models, the characterization
needs to be as precise as possible due to the
almost floating characteristics.

A picture analysis, running on Matlab, is used to
evaluate the particle size distribution. This tool
allows a precision of 0.2 mm on the beads di-
ameter and can analyze hundreds of particles in
one picture. The size distribution is so narrow
that the assumption of monodisperse drops is
justified.

The density is measured by transferring individ-
ual beads into a liquid of a known density, eval-
uated with a precision densimeter (DSA 5000M,
Anton Paar, Graz, Austria), which allows preci-
sion of 10-° g/cm3. The evaluation has to be per-
formed quickly, because otherwise the proper-
ties of the beads change due to the permeability
of gel structure, which allows mass transfer to
occur.

In a next step, a mathematical model, which de-
scribes sedimentation of polydisperse drops, is
to be validated, modified, or derived. Different
models exist and work perfectly for a swarm of
monodispersed particles, some of which are
presented in Fig. 3 for a particular spherical par-
ticle. A first step consists to choose and validate
the optimal model for monodispersed beads.
For this purpose, a sensitivity analysis has been
performed to choose the optimal bead charac-
teristics in terms of density and size, in order to
differentiate between the models for sedimenta-
tion velocity. The experimental validation is to
be performed in the Henschke settling cell.

The Henschke settling cell was developed
some time ago as a standard equipment used
to characterize settling in liquid-liquid disper-
sions (Henschke et al., 2002, Schlieper et al.,
2004). The cell consists of a double-walled
glass vessel of roughly one liter volume. The
dispersion is created with two counter-rotating
shafts with attached stirrers to avoid turbulence
when the engine is stopped. A gearbox links the
shafts to the engine. The latter allows a perfect
control of the stirrer speed.

In the future, a model accounting for the inter-
action between polydisperse particles needs to
be validated. In a system where ascending and
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descending particles are present, each type of
particles can be regarded as a polydisperse
swarm, where the sedimentation will be hin-
dered by particles moving in opposite direction.
These interactions should be described by the
seeked mathematical model.
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Fig. 3: Monodispersed swarm models.

The developed model will then be validated by
performing experiments in the settling cell. Dur-
ing an experiment, different kind of beads will be
mixed in the vessel. As each kind of particles is
essentially monodisperse, the tracking of the
sedimentation front will be sufficient to evaluate
the sedimentation velocity. In order to differenti-
ate and analyze each class of beads individu-
ally, they are colored with pigments, preferably
in black and white to improve the contrast. De-
pending on the lighting, one kind of beads can
be focused on. A numerical tool based on
Matlab has already been developed for the
evaluation of the velocities of each front rec-
orded on video.

References

Henschke, M., Schlieper, L.H., Pfennig, A.,
2002: Determination of a coalescence pa-
rameter from batch-settling experiments.
Chem. Eng. J. 85(2-3), 369-378.

Schlieper, L., Chatterjee, M., Henschke, M.,
Pfennig, A., 2004: Liquid-Liquid Phase Sep-
aration in Gravity Settler with Inclined Plates.
AIChE J., 50(4), 802-811.

For further questions and comments, please
contact:

David Leleu

phone: +32 (0) 4 366-3559
dleleu@ulg.ac.be
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Salt effect on the equilibrium system of
water + acetone + HMIMPFs ionic liquid

Marjan Mohammadi Sarab Badieh, Javad Saien

Motivation

Liquid—liquid extraction has frequently been
regarded as a desired process in many cases
for separation and purification. Traditional ex-
traction methods often use organic solvents in
contact with aqueous phases. Environmentally
safe technologies may reject such anachronis-
tic processes due to their toxicity, flammability
and volatile organic compounds (VOCSs).

To solve these problems, liquid-liquid extrac-
tion has been recently introduced with the aid
of specific green solvents such as room tem-
perature ionic liquids (RTILs or simply ILs). ILs
exhibit excellent properties such as negligible
vapor pressure, non-flammability and tunable
physiochemical properties; thus they have
been known as “designer solvents” for particu-
lar applications. Their negligible vapor pres-
sure permits the extracted products to be sep-
arated from ILs by conventional low-pressure
distillation. Nonvolatile or thermal sensitive
products could also be recovered from ILs by
supercritical carbon dioxide

One major requirement in evaluating the per-
formance of liquid-liquid extraction process is
the systems equilibrium data. Here, liquid-
liquid equilibrium (LLE) of ternary components,
containing ILs and organic molecules have
been studied. These mixtures are comprised of
one IL and two organic molecules that have
close boiling points or form an azeotrope, such
as IL + aromatic + aliphatic, IL + ether + alco-
hol, IL + alkane + alkene, and so on. The work
has been developed further for the mixture of
hydrophobic ILs in contact with agqueous solu-
tions containing organic solutes such as alco-
hols.

The aim of this work was utilizing an IL, formed
by 1-hexyl-3-methylimidazolium (HMIM™*) cati-
on and hexafluorophosphate (PFs~) anion in-
troduced as “HMIMPF¢” (see Fig. 1), in a lig-
uid-liquid extraction process in aqueous solu-
tions for the first time. The liquid-liquid equilib-

rium (LLE) of the ternary system water + ace-
tone + HMIMPFs and the quaternary system
water + acetone + HMIMPFe¢ + salt are studied
here.

PR
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N
Fig. 1: The chemical structure of HMIMPFs

First Results

First, we studied the LLE of the system water +
acetone + HMIMPFs ionic liquid. The high ca-
pability of this IL, as a green solvent, for ex-
traction of acetone from aqueous solutions was
explored. Acetone and water components have
been involved in one standard chemical test
system, recommended by the European Fed-
eration of Chemical Engineers (EFCE) for lig-
uid-liquid extraction studies.

Considering the inevitable presence of electro-
lytes and their important role in altering the
LLE of pure chemical systems, the influence of
two conventional water-present salts, with
monovalent (NaCl) and divalent (Na2SOa) ani-
ons from the Hofmeister series, on the men-
tioned ternary system was investigated. The
data for the salt-free system show that acetone
is more soluble in the IL phase than in the
aqueous phase, which may be due to hydro-
gen bonding between acetone and the IL. In-
deed, because of the salting-out effect, the
solubility of acetone in the aqueous phase
decreases in the presence of salts and, there-
fore, its extraction by the IL is significantly im-
proved. Results show that the salting-out effect
was significant. The stronger anion activity and
the lack of anion exchange with the used ionic
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liquid can be the reasons for the stronger effect
of the Na2S04 salt than the NaCl salt.

Figs. 2 and 3 indicate that a greater binary
region (shaded area) is achieved by the salt
addition due to the decreased tendency of
water-IL miscibility. Of course, solubility of the
IL in water is to some extent less than that of
water in the IL. Surely, the effect of salts on the
solubility of ILs follows the charge-density se-
ries (the Hofmeister series) because a higher
charge density results in stronger charge-
neutralizing ion pairs.

Binary regions, tie-line (A, e and
m)and solubility data (A, o and o) for
salt-free, 0.05 and 0.10 mass fractions
of NaCl.

Fig. 3: Binary regions, tie-line (A, e and m)
and solubility data (A, o and o) for salt-
free, 0.05 and 0.10 mass fractions of
NazS0a.
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The consistency of the experimental data were
examined with the improved Eisen-Joffe equa-
tion. For modeling the well known NRTL and
UNIQUAC thermodynamic models were em-
ployed and the interaction parameters were
determined using the Aspen Plus simulator.
Both models can satisfactorily be used to cor-
relate the LLE of the systems. The provided
data can be utilized in design and simulation of
liquid-liquid extraction processes when dealing
with salty water.
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For further questions and comments, please
contact:

Marjan Mohammadi Sarab Badieh

phone: +32 (0) 4 366-3521
marjan.mohammadisarabbadieh@
student.ulg.ac.be
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Extraction-Column Design
for Highly Viscous Systems

Maria Chiara Quaresima

Motivation

Change from fossil-based feedstock to bio-
based raw materials in chemical industry will
lead to changes in the molecular structure of re-
agents and products. The oxygen content in
bio-based feedstock is higher as compared to
fossil starting material. Processing a compo-
nent, which contains significant fractions of ox-
ygen on molecular level, will lead to intermedi-
ates and products rich in oxygen as well. As a
consequence, stronger molecular interactions
due to polar interactions and hydrogen bonding
will be present in mixtures. This in turn will lead
to lower vapor pressures and higher viscosity of
the systems. These changes in material proper-
ties need to be taken into account in process
and equipment design.

Regarding separation processes, liquid-based
separation such as extraction will foreseeably
increase in importance compared e.g. to distil-
lation. Solvent or liquid-liquid extraction is one
of the options especially suitable in pharmaceu-
tical and biotechnological engineering. In light of
the future change in chemical feedstock, where
bulk chemicals will increasingly be produced
from biomass, solvent extraction will thus be-
come more attractive for separation tasks. The
design of industrial extraction columns based
on lab-scale experiments and appropriate sim-
ulation tools allows reducing time and resources
needed as compared to the conventional design
based on pilot-plant experiments. The simula-
tions of course require a deep knowledge of the
details of the process.

Past achievement

Various phenomena and effects influence the
extraction process, which need to be described
accurately with appropriate mathematical mod-
els. This will allow predicting the behavior of the
entire extraction column. Such a simulation
needs to describe properly e.g. the concentra-
tion driving force between the continuous and
the dispersed phase and the resulting transfer

of the transferred component(s). The dispersed
phase is present in the column as drop swarms.
Within such a swarm, drops can coalesce and
split as they pass along the apparatus, leading
to variation of the drop-size distribution as a
function of column height. This in turn means
that the specific mass-transfer area will also
vary. Since the sedimentation velocity depends
on drop diameter as well, this also will vary,
where sedimentation velocity is a very important
parameter, because it determines the residence
time of the drops in the column.

In previous work, a design method for extraction
columns has been developed, which is based
on the fact that the behavior of individual drops
of the dispersed phase in an extraction column
is influenced by a limited number of elementary
processes, namely sedimentation, coalescence
and splitting, as well as mass transfer. All these
elementary processes interact and it is im-
portant to take these interactions properly into
account for reliable extraction column design.
Of course, the interactions among the droplets,
the so-called swarm effect, as well as the inter-
action with the column internals is accounted for
in the models. Also, the physical properties of
the system strongly influence the process. In
particular, the influence of viscosity has to be
taken into account. Beyond this the drop behav-
ior is also influenced by trace components. To
cope with this variability, the models applied
contain parameters that are fitted to results of
experiments with individual drops of the original
material system in dedicated lab-scale experi-
ments.

These models are then combined in a simula-
tion tool, called ReDrop (REpresentative
DROPs), which follows the behavior of individ-
ual drops along their path through the column,
taking the models and the parameters obtained
from the experiments into account (Altunok et
al., 2006). The main idea of ReDrop is to follow
a sufficiently large number of drops along their
path in the column accounting for all of the in-
terconnected phenomena described before.
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This approach is capable of describing extrac-
tion-column behavior to better than 10% accu-
racy, being time and resources saving com-
pared to pilot plant experiments.

Goal of the project and experimental plan

The goal of this project is to extend the capabil-
ities of ReDrop to account for the challenges de-
scribed above resulting from the foreseeable
shift towards bio-based feedstock. At first, the
increased viscosity is to be considered, where
the different models have to be validated and
further developed, e.g. on sedimentation and
mass transfer (Wagner et al., 2001). Validation
of the models will be performed with single-drop
experiments. Sedimentation velocity and mass
transfer occurring in a single drop will be inves-
tigated with a single-drop cell as shown in Fig.
1, where the central part consists of a conical
glass tube used to levitate the drop by a coun-
terflow of continuous phase.

Withdrawal of
disperse
phase

Inlet
continuous
phase

Funnel for drop
collection

Suspended
drop

Crop
generation

Outlet of the
continuous

phase
Inlet of the disperse phase

Fig. 1. Mass-transfer cell for single-drop ex-
periments

Suitable material systems will need to be cho-
sen. A standard EFCE system with low viscosity
will be used to validate the installation. After val-
idation, a system with higher viscosity will be in-
vestigated to analyze the effect of higher viscos-
ity. The viscosity will be increased by adding
suitable components like various polymers. As
a further challenge, transfer-component behav-
ior will be regarded as well, choosing compo-
nents either with specific molecular interactions
with the solvents or a higher molar mass. After
single-drop investigations, the parameters ob-
tained will be used in ReDrop simulations. As
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demonstrated in Fig. 2, ReDrop can solve the
drop-population balance for each height ele-
ment of an extraction column. For each height
element, the drop-size distribution, the local
hold up and the concentration of the transfer
component in both phases is obtained and can
be compared to corresponding column experi-
ments.

M= E3

** ReDrop-Extrakiionskolonnensimulation
Datei  Betrieb: r  Mumerische Parar

v Optionen

Fig.2: Example of ReDrop simulation

ReDrop also needs to be optimized, even if ma-
jor portions of the existing code can be reused.
The goal is to obtain a fast and reliable simula-
tion tool that allows e.g. systematic optimization
of operating parameters. A challenging task to
which ReDrop will then be applied is e.g. in-situ
extraction from fermentation broth where prod-
uct removal needs to be performed to avoid
product inhibition. Design of such kind of pro-
cesses with ReDrop is a big challenge and can
open interesting perspectives for separation-
process design.
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Last Three Ph.D. Theses Defenses at TU Graz

Andreas Pfennig

After roughly two years in Liége, still some
Ph.D. students were supervised at TU Graz,
who finally mastered their Ph.D. defenses on
November 11. Their major research findings
are described in the following in the order of
their defenses.

Dr.techn. Eva Kalvoda: Effect of Concentra-
tion Gradients on Drop Sedimentation and
Mass Transfer

Eva Kalvoda has been investigating the inter-
relation between mass transfer and sedimenta-
tion, especially in a lab-scale cell, in which a
concentration gradient in the continuous phase
could be realized. The setup, which she has
developed, realized, and used in her experi-
ments, combines elements of the mass-
transfer cell developed at RWTH Aachen and
that, which has formerly been used at TU
Graz. The Aachen cell, which is now also es-
tablished at the University of Liége (see p. 8),
is characterized by a generation of individual
drops of known volume with a nozzle and a
computer-driven syringe, which is then kept
floating for an arbitrary time in the counter-
current of the continuous phase. At TU Graz,
mass transfer had formerly been characterized
by drops, which were generated in series by a
pump in combination with a nozzle, which were
rising in a stagnant continuous phase. The
residence time could be adjusted by varying
the height of the sampling funnel.

In the cell of Eva Kalvoda, the drops were
generated individually by a nozzle-syringe
system, but were rising in a stagnant continu-
ous phase, which had been filled into the cell
with a dedicated concentration gradient (see
Fig. 1). She then investigated systematically
different cases of relative concentration gradi-
ents and evaluated the resulting drop concen-
trations in dependence on contact time and
drop diameter with appropriate models.

Eva Kalvoda could clearly show that mass
transfer behaves more complex as compared
to the simple models usually applied. She was
able to describe mass transfer inside the drop
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with a numerical shell model, where the effec-
tive diffusion coefficient depends on the sedi-
mentation velocity. If the concentration gradi-
ent encountered by the drop exceeds a certain
limit, mass-transfer rate is enhanced by a fac-
tor of 1.5. This significantly differs from the
model of Henschke, which has previously been
used in describing mass transfer in extraction
columns (see e.g. Ayesteran et al.,, 2015).
These observations nicely match findings by
others (e.g. Henschke et al., 1999, Wegener et
al., 2014), which indicate that mass-transfer
induced convection at the interface enhances
mass transfer and reduces sedimentation ve-
locity. This new model will be used ReDrop,
our simulation tool for extraction-column de-
sign, in the future, to better describe drop be-
havior.

#
8%
6%
a6 ——(——H_H
2% O H—H

Fig. 1: Single-drop mass-transfer cell of Eva
Kalvoda with concentration gradient.

Dr.techn. Jan Bernd Bol: Accounting for
Costs and Selectivity in Optimal Experi-
mental Design of Phyto-Extraction Experi-
ments

Jan Bernd Bol has started his work already in
Aachen, continuing on the topic of phyto ex-
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traction, building on the previous research by
Dirk Delinski. Here solids extraction or leaching
is applied to plant-based material, to recover
specific plant components like pharmaceutical-
ly active components or spices. The basic idea
of his thesis is that in applying ordinary model-
based experimental analysis (MEXA) it is as-
sumed that the parameters of the model are
actually the desired quantities. Thus, the accu-
racy of determining these parameters is taken
as measure in judging the uncertainty obtained
with the experiments.

This view unfortunately neglects that the model
parameters are rarely the final result to be
obtained. Instead, the models with their pa-
rameters are means to optimize performance
of processes with respect to the final product
costs. This of course has to be accounted for
in optimal experimental design. Jan Bernd Bol
showed that accounting for the accuracy of the
cost optimum leads to different optimal exper-
imental conditions as compared to those,
which optimize model-parameter accuracy.
One of the major challenges of this thesis was
to differentiate clearly between the parameters
of the lab-scale experiments performed in a
standardized setup (see Fig. 2) and those pa-
rameters found in the process of cost optimiza-
tion. For example the ratio between extractant
and plant material is relevant in the lab-scale
experiments but of course also in the optimized
technical process. The optimum for the indus-
trial-scale process generally will differ from that
obtained for the optimal lab-scale experiments.
This distinction led to quite some numerical
effort in the optimization procedure.

b

immersion
extractor

solvent reservoir

percolation
extractor

Fig. 2: Standardized lab-scale equipment for
design of solids extraction and leach-
ing processes.

Jan Bernd Bol argues that it is to be expected
that the difference in experimental conditions
optimized for parameter accuracy will differ
from those for cost optimality especially, if a
larger number of process variables are ac-
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counted for — as is usually the case. Finally he
also included selectivity into his considerations,
allowing to account for the details of the extrac-
tion process, i.e. differentiating between equi-
librium-based and kinetic selectivity.

Dr.techn. Anton Markus Reiter: Extending
the Method of Surrogates to Bio-Based
Fuels and Mixtures with Fossil Fuels

The basic idea of substituting fuel mixtures by
surrogates has been applied in the group of
Ass.Prof. Dr.techn. Thomas Wallek since quite
some time. The major idea is to use a mixture
of real components as a substitute for the very
complex mixture encountered in real diesel or
gasoline. Using a mixture of real components
instead of the frequently encountered pseudo-
components has the advantage that these
mixtures can be prepared and investigated in
the lab for their physical and combustion prop-
erties.

Challenges arise in selecting the optimal mix-
ture out of a given collection of candidate com-
ponents such that the desired physical and
combustion properties are optimally matched.
Unfortunately, the potential candidates are
limited in number, especially, if the price for
preparing the desired mixture is accounted for
as selection criterion. Especially, if the surro-
gate mixture is to be used in real motor tests,
large quantities are required, leading to certain
constraints.

Anton Reiter has first of all carefully selected
the methods, with which the physical proper-
ties are calculated so as to best match with
experimental results of pure components and
mixtures. In a next step an improved method
for selecting the components in the surrogate
mixture and for fitting their composition in that
mixture has been developed. Anton Reiter then
has been proven that this method results relia-
bly in the best optimum mixture of the candi-
date components for any predefined number of
surrogate components.

In applying his method to biodiesel he has
shown that biodiesel itself can be depicted with
a relatively small number of components main-
ly matching the basic molecular parameters
found e.g. in different FAME (fatty acid methyl
ether). In a last step, he demonstrates that also
the properties of mixtures between fossil and
biobased fuels can be described based on
surrogate mixtures.
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In cooperation with OMV, the Austrian compa-
ny in the area of oil and refinery including
gasoline stations, surrogates have been pre-
pared and their physical properties determined.
It turns out that the optimized surrogate for a
given fuel nicely matches with the predicted
properties like boiling-point curve and density,
but that these properties also match those of
the fuel that was to be mimicked. Thus, it has
been shown that the method of surrogate mix-
tures can accurately be applied to fossil and
biobased fuels as well as their mixtures.

The Stay in Graz

Of course, it has also been nice to be back in
Graz after some time. The city of Graz is very
active and emanates a very specific spirit of
creativity and liveliness. This led Graz to be-
come UNESCO City of Design in 2011.

‘Lf‘

Fig. 3: Grazer 'Schlossberg' with clock tower.

What is especially nice for visitors is the rela-
tively compact city center, where essentially
every point of interest (see e.g. Fig. 3) can be
reached by foot or by the tram, which in Graz
is called 'Bim’, presumably based on the ring-
ing of the tram, which one hears, whenever
some pedestrians do not leave the tracks
quickly enough, if the tram approaches. In the
innermost city center, the tram can even be
used free of charge.

With the defenses of Eva Kalvoda, Jan Bernd
Bol and Anton Reiter all Ph.D. students that |

—12 —

e PEPs

* @ CHEMICAL
e o @ ENGINEERING

still supervised at TU Graz have thus finished
their formal Ph.D. procedure. Nevertheless
close interaction still remains with TU Graz in
the area of molecular thermodynamics with
Ass.Prof. Dr.techn. Thomas Wallek, who is
developing a thermodynamic model for strong-
ly interacting molecules based on the concept
of discrete modelling, in which the discrete
state of individual molecules and their interac-
tions are taken into account when formulating
the thermodynamic relations. This method very
fundamentally considers all molecular interac-
tions in their full three-dimensional structure.
Thus several simultaneous interactions, which
may lead to especially strong association, can
be described in principle. Since this approach
very nicely complements my previous research
on 3D thermodynamics, this link to TU Graz
will remain strong — besides possible future
interactions in the context of projects, which
meanwhile have been submitted by colleagues
in the area of biotechnology.
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Advantages of Centrifugal Extraction

Andreas Pfennig

Challenges in Extraction

Due to the foreseeable change in feedstock for
chemical processes from fossil resources to bi-
obased starting material, it is to be expected
that the viscosity of intermediates and products
will increase. Also, since biomass is solid in na-
ture, remainders of the solid starting material
are expected also in subsequent process steps,
which typically may lead to problems like crud
formation. Since these systems will lead to in-
creasing problems with phase separation, ap-
plying centrifugal forces for enhancing phase
separation needs to be regarded. The simula-
tion tool currently developed by David Leleu
(see p. 4) does thus not only account for an ar-
bitrary number of dispersed phases with their in-
dividual drop- or particle-size distributions and a
variability in interactions that can be accounted
for, but has also be designed to account for cen-
trifugal forces as well.

First Results

As shown in Figs. 1 and 2 the simulation model
for settler design allows accounting for centrifu-
gal forces, drop-size distributions as well as co-
alescence already during sedimentation, which
was not the case in the original design tool de-
veloped by Henschke (Henschke et al., 2002).

Y

0)

local holdup:
1.000

[
a1
o

0.1000

0.01000

=
o
o

1.000E-03

height in mm

1.000E-04
50

1.000E-05

timeins

Fig. 1. Polydisperse drop-size distribution in a
centrifugal extractor at 1000 min-t and
200 mm rotor radius, of which only the
outer 100 mm are filled with liquid.
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Fig. 2 demonstrates that the current tool allows
also to evaluate the critical parameter of re-
maining dispersed-phase fraction in the exiting
continuous phase, which is a key design param-
eter. It turns out, as shown in Fig. 1, that it is
beneficial, to leave the inner volume of the rotor
empty, because then the dispersion experi-
ences stronger centrifugal forces. It turns out
that the throughput can even be higher, even
though the available cross-sectional area is re-
duced, because the residence time required for
complete separation is significantly reduced by
this measure.
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Fig. 2: Remaing fine dispersion after treatment
in gravity and centrifugal settlers
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Evaluation of Exergy Applied to
Alternative Biobased Processes

Background

Due to the international goal to reduce the use
of fossil resources and the currently relatively
large volatility of crude-oil price, biobased
chemical products may become increasingly
important in the future. Since a wide variety of
processes fundamentally differing in process
concept have been proposed, the question
arises, if it is possible to gain some fundamen-
tal insight into the efficiency of the proposed
processes. It appears that exergy may be a
variable, which allows such an evaluation on a
level of detail, which can be chosen freely.
Exergy is especially attractive for such an
evaluation, because it measures the value of
exergy and is thus closely related also to the
economic value of streams. Also exergy losses
in a process define the minimum energy re-
quired for operating the process.

Exergy as Measure of Efficiency

Dr.-Ing. Philipp Frenzel has shown in his stud-
ies that chemical exergy is the major contribu-
tion to the exergy of streams and that for such
fluxes it is a state variable. Conversion be-
tween different chemical compounds can thus
be described primarily by the net change in
chemical exergy of the reaction. The chemical
exergy is thus shown in Fig. 1 for various com-
ponents. It is obvious that biobased compo-
nents, which are higher in oxygen content as
shown in Fig. 2, have a lower chemical exergy
than fossil counterparts. Philipp Frenzel has
also shown that chemical reactions are ex-
ergetically especially feasible, if the net change
of exergy across the reaction is zero or nega-
tive. Thus, it is to be expected that in the future
also intermediates and products will become
increasingly important, which have higher oxy-
gen content on molecular level.

Fig. 2 shows that todays' products as black
circles, where the size of each circle is propor-
tional to the production rate of that component,
very nicely match with that of fossil resources.
On the other hand, if these products are to be
obtained from biobased feedstock, oxygen has
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to be removed. Fig. 2 also indicates options to
achieve this, where the most promising option
is to add the energy-rich hydrogen followed by
splitting off water. This is the only step, which
does not lose the carbon, which has just been
collected via the biomass, nor does it lead to
components close to the carbon corner, which
would mimic the composition of coal.
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Fig. 1. Chemical exergy for various compo-
nents.
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Fig. 2: Mass-based composition of various
components with respect to CHO.
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On a next level of refinement, exergy can be
used to evaluate processes also accounting for
process losses. Philipp Frenzel has evaluated
a variety of processes for conversion of bio-
mass to various polymers, because they are
the largest products of chemical industry. The
comparison was performed with ExergySim, a
tool he developed based on Matlab. He has
compared the processes with those starting
out from fossil resources and shown that some
of the biobased processes lead to similar exer-
gy losses as compared to the fossil counter-
parts. This applies especially for polymers with
some oxygen content like PET (polyethylene
terephthalate) or PLA (polylactic acid). On the
other hand, biobased processes for production
of e.g. polyethylene (PE) require significantly
more energy as compared to fossil-based op-
tions. Nevertheless, the exergy required for the
oxygen-containing polymers is always higher
than that of e.g. PE from crude oil. Since as
argued above, an increase in oxygen content
of products is to be expected in the future, this
means that the overall energy demand of the
chemical industry will increase.

Since it is quite tedious to evaluate the exergy
losses for real chemical processes, accounting
for all changes in composition, temperature,
and pressure, Philipp Frenzel has also devel-
oped a short-cut method, which allows deter-
mination of an approximate exergy loss of a
process. To derive this short-cut method, sim-
plifying assumptions had to be made, e.g. as-
suming ideal heat integration and that the sep-
aration of mixtures can be performed with
some pre-defined simplified separation se-
guences. Philipp Frenzel has shown that this
short-cut method may lead to some deviation
of the absolute value of exergy loss for a re-
garded process. On the other hand, comparing
the relative exergy losses between competing
processes, it turned out that the order re-
mained unchanged for the examples investi-
gated. Thus, this short-cut method allows fast
evaluation of process options with respect to
exergy losses. Due to the assumptions made
for deriving this short-cut method, this can only
be used to eliminate obviously inefficient alter-
natives from the list of available options.

Thus it turns out that exergy can be applied on
various levels of detail:

e starting out from a very general perspec-
tive, regarding only the molecular oxygen
content in the evaluation,
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e accounting for the chemical exergy of indi-
vidual components,

e considering additionally estimated process
losses based on a short-cut method,

e evaluation of the process losses based on a
first sketch of the unit operations combined
in the process with estimated temperatures
and pressures,

e and finally the exact evaluation of exergy
losses also taking into account the losses of
individual pieces of equipment.

This shows the versatility of the exergy evalua-
tions.

Also, Philipp Frenzel evaluated the land area,
which is required in developed countries to
produce the required biomass for supplying
typical amounts of chemical products and
found that roughly 300 to 600 m2/capita are
required, which appears manageable but is
significant as compared to today's world aver-
age value of 7000 m?/capita for food produc-
tion.
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Cascaded Option Trees used
for Systematic Selection of Reactive Extractants

Starting Point

In several projects in cooperation with industry
and colleagues from other universities, the
goal was to select and design optimal down-
stream processing options after a fermentation
step for primary product recovery. This first
downstream operation should preferably be
performed in-situ to reduce significantly the
product concentration to avoid the typical
product inhibition. The resulting challenge in
the cooperation projects BISON, Carboxyfun,
and others was to efficiently and systematically
evaluate the very many different options and to
find a way to clearly communicate the results
to the project partners. This led to the deriva-
tion of the method of cascaded option trees.

The Method

An example option tree is shown in Fig. 1,
where the option-tree method is applied to an
extractive purification step. First, the various
options are explicitly noted and then evaluated
systematically with respect to feasibility, where
a color code simplifies presenting and discuss-
ing the results. As shown, different levels can
be regarded, where only two levels are shown,
including the principal distinction between
physical and reactive extraction on one level
and the selection of reactive extractant in com-
bination with the diluent as second level. The
individual criteria, with respect to which the
various options have been evaluated, are as-
sociated with the columns, in which the result
is depicted as color code. The overall feasibility
of an option is noted to the left of that option
with the same color code. Any option, which is
infeasible with respect to a criterion, can be
excluded from all future evaluations. It is also
apparent, which options remain feasible, and
some idea on the overall feasibility is easily
recognized.

The systematic progressing through the criteria
also allows optimally structuring the work ef-
forts for evaluating the criteria, since first,
those criteria should be evaluated, which will
presumably lead to the most restrictive results.
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In the case regarded, i.e. where reactive ex-
tractants for product removal from a fermenta-
tion broth were regarded, the most critical crite-
rion is the separation behavior of the two
phases after the extraction step. It turned out
that in one of four cases, to which this method
was applied, it was not possible to find a pro-
cess window that would allow a continuous
operation of the extraction process.

criterion 3: phase separation
criterion 2: extraction
[criterion 1: toxicity

kerosene [ ]
bis(2-ethylhexyl)-phtalate [l | ]
lbenzyl benzoate

imethyl laurate

cis-9-octadecene-1-ol
lbis(2-ethylhexyl)-phtalate

kerosens
benzyl benzoale
[methyllavrate |

| [cis-0-cctadecene-1-ol |
bis(2-ethylhexyl-phtalate

physical
extraction

extractant
DEHPA

liquid-liquid
extraction

reactive
exiraction

alternative
extractant

evaluation:

E not tested

good
acceptable

Fig. 1. Cascaded option tree applied to ex-

traction from a fermentation broth

infeasible

Unfortunately, the phase-separation behavior
strongly depends on pH, where the extraction
is performed, where pH in turn is a key param-
eter in the extraction performance as shown in
Fig. 2. At the same time the concentration of
D2EHPA (di-(2-ethylhexyl) phosphoric acid) in
the diluent kerosene determines the pH at
which essentially complete extraction is
achieved. Thus in a first step, the pH-range
has to be determined, in which the extraction is
feasible. Since in-situ separation is desired, the
pH should lie in a range around 7, because this
is feasible for the microorganisms. Then the
concentration of D2EHPA in the diluent can be
selected, where increasing the concentration
increases also the capacity, where a higher
capacity allows lower flowrates of the reactive
extractant. As can be seen in Fig. 2, any
D2EHPA concentration above 2.5% will lead to
essentially complete extraction in the desired
pH-window. Higher D2EHPA concentrations,
while being beneficial for the capacity, will lead
to lower pH required for re-extraction, meaning
larger amounts of acid and base to shift be-
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tween the pH-values of extraction and re-
extraction. Since higher concentrations of
D2EHPA also lead to higher viscosity of the
extraction phase, the operation of the extractor
and especially the phase separation will in
general become more difficult. This shows that
the designing engineer has to choose the con-
centration of D2EHPA as well as the corre-
sponding pH-values for extraction and re-
extraction by finding an optimal compromise
between process feasibility and economic per-
formance.
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Fig. 2: Reactive extraction of a diamine from
fermentation broth with D2EHPA in
kerosene as reactive extractant

After these first fundamental choices with re-
spect to reactive extractant, diluent, and pH-
range have been guided by the option-tree
method, the method can be used cascading
through all levels of process and equipment
design. On the next level of detail, also differ-
ent options for the direction of dispersion, the
flow rates, the extractor type, and other pro-
cess parameters can be regarded. More crite-
ria can be evaluated as well, which at later
stages of process design include the fate of all
components participating in the process, so
that e.g. the reactants stay in the fermentation
broth and only the product is removed.

One strength of this method is the flexibility
with respect to the methods used for the indi-
vidual evaluations of the criteria. This can
range from expert opinions to detailed simula-
tions or experiments. Another strength is the
ease with which it allows very clear presenta-
tion of the remaining feasible options to project
partners, which forms a good basis for further
discussions in a project or process-design
team. As described, the option trees can be
used stepping through different levels of detail.
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This cascading way of applying the option
trees has the advantage that even if under
certain conditions one option should later turn
out to be infeasible, the second-best option on
the next higher level can directly be realized
and then worked out further.

The clarity of the graphic representation of the
results also eases discussions in a project
team with respect to very fundamental options.
Often, first microbiology and biotechnology
experts have worked out a production process
to a certain level of detail, before the engineer
responsible for the downstream process is
consulted. This leads to the situation that all
biotechnological parameters are essentially
fixed, even though parameters like nutrient
composition or buffer system in the fermenta-
tion will have a fundamental influence e.g. on
phase separation. Thus, it may be required to
convince the biotechnologist to consider e.g. a
different buffer system. In that situation the
representation with the option trees allows to
clearly visualize the situation and the chances
for alternative options.

Meanwhile the cascaded option trees have
also been used in quite different contexts, i.e.
for systematic model design in our own work.
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Teaching and Research on YouTube

Andreas Pfennig

Motivation

In the past, for the various lectures held at the
various universities individual lecture manu-
scripts have been worked out, which is appar-
ently quite some effort. Most of the material
developed during the last years has been in
English. At the same time, expert topics have
been dealt with in workshops, for which corre-
sponding educational manuscripts have been
written. But unfortunately, many research re-
sults are presented solely in scientific publica-
tions, which have their very specific style. This
style is of course required for ensuring high
scientific standards. On the other hand, much
information is actually lost, which results e.g.
from tests that have been performed but failed,
just to mention one example. Thus actually a
big book of knowledge is desired, which com-
bines the fundamental basics, which are taught
in standard textbooks, but which also accounts
for the most recent findings, including the in-
sights usually not communicated in scientific
publications.

To this end, several chapters on thermal sepa-
ration processes from different manuscripts
have been combined, which deliver the very
basics found in any textbook, but at the same
time cover also our latest results in research.
This textbook is continually growing as we
work through the chapters bringing them into a
sort of final form. Besides the very fundamental
chapters on distillation, extraction, absorption,
etc. also more specialized topics like simulat-
ed-moving bed chromatography, various hybrid
processes, and drop-based design of extrac-
tion equipment are included. The goal of this
effort is to publish the individual chapters
online on our website.

Such a public availability of course requires
careful consideration of copyright issues, which
apparently slows down the publication process
somewhat. Here actually active input and sup-
port from companies, which can supply corre-
sponding photographs or diagrams, which are
suitable for teaching purposes in visualizing
e.g. column internals, equipment in operation,
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and also more complex aspects like internals
after some operation would be highly welcome.
For the latter aspect, we can also guarantee
that we do not mention the source, if desired...

One specialty of the course material is some
focus on generalized description of separation
processes. This chapter resulted from the real-
ization that an increasing number of topics
should be included even in the most basic
lecture on separation processes. This can only
be achieved, if some generalization is realized,
which can then be applied to many unit opera-
tions. This chapter thus among others de-
scribes the basis for the McCabe-Thiele meth-
od in a very generalized way, which allows
easy description of counter-current processes
with a wide variety of special features like side
withdrawals, various types of specific feed
options, etc.

In interaction with some companies, it has e.g.
been found that it is important to stress the
fundamental assumptions, which are required
to derive the linear operating lines of the
McCabe-Thiele method. It has e.g. to be en-
sured that the flow rates of the phases regard-
ed are constant along any process section and
that the flowrate of a regarded component is
described by this flowrate multiplied with the
chosen concentration measure. Thus, in one
case overall flowrates and mole or mass frac-
tions are appropriate, while in other cases the
carrier flowrates together with loads of transfer
component in either phase have to be regard-
ed to ensure that the assumptions are fulfilled.
Also, the choice of molar or mass-based de-
scription may be guided by considering the
assumptions. Even a volumetric description in
combination with (volume-) concentrations may
be the appropriate choice in some cases. Only
after appropriately choosing this ‘reference
system of variables', the operating lines are
straight so that the usual step construction can
easily be realized — which of course requires
that in describing the equilibrium the corre-
sponding concentration measures are applied.
If the assumptions are not fulfilled, in some
unfortunate case grossly wrong numbers of
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theoretical stages may result — as was the
case in one of the practical applications.

At the same time, it has been realized that on
the one hand it is desired by students to have
videos of the lectures available. On the other
hand, supplying just video recordings of the
lectures will lead to a bad quality of the videos,
but nevertheless results in some effort. As a
consequence, the lectures are now recorded in
good quality together with the IFRES (Institut
de Formation et de Recherche en Ensei-
gnement Supérieur), who supply a proper stu-
dio environment as shown in Fig. 1. Is has
proven beneficial to display the PowerPoint
slides on a large TV-screen, with which the
lecturer can easily and directly interact, directly
pointing and explaining the slides. On the other
hand, derivations formerly reproduced on the
blackboard are now written on the convertible
notebook with a digital pen and the Windows
journal program. This also sufficiently slows
down the derivations, so that even students
who learn by taking detailed notes are sup-
ported in their learning efforts. The voice is
recorded with a clip-on microphone and a digi-
tal 24bit-recorder, which eases level adjust-
ment and maximizes signal-to-noise ratio.

Studio environment for lecture record-
ing (photo reproduced with permission:
© Olivier Borsu, IFRES - ULg, 2016)

Fig. 1:

The videos are then edited and uploaded to
YouTube, where they are included in proper
order in a playlist, to which the link is given in
the references. An impression of the final result
is presented in Fig. 2, which nicely shows how
easily the interaction with the presented picture
is possible. Especially problems with illumina-
tion and exposure, which are typical in other
recording settings, are avoided. The videos
until now cover more than ten hours of lectur-
ing, where especially those lectures have been
left out, which contain e.g. pictures from col-
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umn internals, for which clarifying the copyright
issues needs time. Some companies have
already supplied corresponding picture materi-
al, for which they grant the right to include
them in the manuscript as well as in the
YouTube videos. We are currently trying to
obtain more material, which may also include
videos, which are shown in the lecture videos.

alembic for vodka distillation
=

Fig. 2: Snapshot from an edited video

A side effect of these recordings is that also
the slides are carefully checked and as far as
possible inconsistencies removed. This in-
cludes also careful rethinking of the logical
order of the material presented. This does not
mean that the previous lecture material con-
tained errors, but the consistency was not al-
ways optimal. Thus, also the 'ordinary' lectur-
ing strongly benefits from this recording effort.
The manuscript is correspondingly optimized
chapter by chapter along the way and will be
supplied on our new website, which is currently
under construction.

As already mentioned, contributions of photos
and videos are welcome. Finally it should be
mentioned that it is desired to include also
expert knowledge in guest videos.
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Lecturing in Bangkok and Oman

Andreas Pfennig

Meanwhile it is a good tradition to teach in
Oman and Bangkok. These teaching and train-
ing visits have been realized also in 2016.

TGGS in Bangkok

The first teaching visit this year was to the
Thai-German Graduate School (TGGS) in
Bangkok, which started end of March. The
contact to TGGS is well established and origi-
nates from the time in Aachen, from where
TGGS was initiated. TGGS is realized as a
faculty within KMUTNB (King Mongkuts Uni-
versity of Technology North Bangkok) with a
variety of different specializations, one of which
is Chemical and Process Engineering (CPE).

At TGGS, the course delivered for students
focused on advanced separation processes
like reactive extraction and rectification, but
also included such topics at drop-based model-
ling of separation processes (see Fig. 1). This
course was then followed by an industry work-
shop, in which also demanding design chal-
lenges in chemical engineering were discussed
(see Fig. 2).

Fig. 1. Advanced-separation course at TGGS
in Bangkok

The stay in Bangkok was perfectly organized
by Dr. Tawiwan Kangsadan, head of the CPE
department. What is special about the stays at
CPE is the always very friendly atmosphere as
well as the very supportive environment, which
is highly appreciated.

—20-—

Fig. 2: Thumbs up after the industry workshop

GUtech in Oman

The second visit was in May 2016 to the Ger-
man University of Technology in Oman, which
is another offshoot of RWTH Aachen, which is
headed by a close former colleague, Prof.
Michael Modigell. At GUtech the fundamental
course on thermal separation processes was
presented. As can be seen in Fig. 3, it is char-
acteristic in Oman that mostly women are seen
in the lectures, even if also some men are
taking the course. The organization of all the
details by Dr. Najah Al Mhanna was perfect, so
that also the visit to GUtech was very agreea-
ble and will be repeated.

Fig. 3: Explaining the Ponchon-Savarit meth-
od in Oman

For further questions and comments, please
contact:

Andreas Pfennig

phone: +32 (0) 4 366-3521
andreas.pfennig@ulg.ac.be
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The Schnapps Project

Andreas Pfennig

Integrated Project

The curriculum for chemical engineers at the
University of Liége includes an integrated pro-
ject already in the Bachelor studies. The goal
of the integrated project is to acquire and train
soft skills as well as to join the knowledge ob-
tained from different courses of the curriculum
to solve a practical challenge. Since this
course is included in the Bachelor studies, the
level of the problem to be solved should be
manageable. Thus, it appeared that the
Branntwein AG, developed originally at RWTH
Aachen many years ago, could be a case-
model to be adopted as schnapps project to
meet all requirements to be met by the inte-
grated project.

Schnapps Project

First, the formal requirements were checked,
i.e. the administration of Liege approached for
clarifying the tax requirements. After this had
been favorably decided, the project could start.
Since this was the first implementation of the
schnapps project at the University of Liége,
some additional hurdles had to be mastered,
like also getting the university administration,
which is responsible internally for such tax
issues, to support the schnapps team. We also
thankfully acknowledge financial support re-
ceived from the Faculty of Applied Sciences for
equipment and consumables. The schnapps
team was then formed, the tasks explained,
and then the sub-teams could start working.

Fig. 1: Working in the schnapps lab

After having organized a schnapps project
already at different universities, it is interesting
to realize the very different attitude of the stu-
dents to the challenges. While in Aachen the
students were eagerly applying chemical engi-
neering principles, in Graz the students of
course knew how to distill schnapps from prac-
tical experience at home. Thus, it required
significant effort in Graz to get the students to
first properly design the process before realiz-
ing it. In Liege on the other hand, the students
are quite careful in applying their knowledge
and tend to be relatively cautious. This of
course results from the integrated project being
scheduled quite early in the curriculum. Thus in
Liege the integrated project indeed supports
that the students learn to gain confidence in
what they learned and its application.

Fig. 2: The final product

The students decided to produce the schnapps
from apples, properly performed the fermenta-
tion and afterwards the wine was distilled
twice. Finally, the students also had to docu-
ment the project. Quasi as a substitute for the
project report a website has been created,
which can be found at
schnapsteam.wixsite.com/integrated-project

For further questions and comments, please
contact:

Andreas Pfennig

phone: +32 (0) 4 366-3521
andreas.pfennig@ulg.ac.be
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