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Areas of expertise

The Institute of Process and Particle Engineering (IPPE,
ippt.tugraz.at) at Graz University of Technology consists
of five independent research areas, each committed to
high-level basic and applied research:

- Pharmaceutical engineering and particle technology
— Mechanical process engineering

—  Process evaluation

— Energetic biomass utilization, and

—  Zero emissions techniques and systems.

The research of these groups covers the areas of phar-
maceutical product and process development, particle
manufacturing and flow processes, sustainable regional
development, thermal biomass utilization and sustain-
able energy on the basis of renewable resources. We see
ourselves as the interface between nature, engineering
sciences, society and economics and are very much aware
of our responsibility for future generations — the human
being is always in the focus of our research.

Green process engineering

Process engineering is arguably one of the disciplines that
are at the frontline of human impact on the environment.
Green process engineering is therefore one of the most
important tasks of any process engineering research and
development institutions. This mission is a major pillar of
the activities of the IPPE.
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According to this mission, research at our institute
focuses in part on chemical and pharmaceutical pro-
cesses that are more intense, efficient and thus greener.
One pathway followed here is the development and appli-
cation of heterogeneous catalysis and micro-reactors that
are capable of intensifying reactions considerably in order
to achieve smaller footprints, to reduce costs, unwanted
byproducts and energy consumption. Research at IPPE is,
however, not restricted to the development of technolo-
gies that help to reduce the impact of process industries
on the environment. IPPE also provides strategic decision
support for industry to become greener. It also uses expe-
riences and methods from chemical engineering to help
beyond the confines of process engineering, providing
innovative solutions for smart cities and regions.

Continuous processes for APl production

The research of the group “Continuous Processes” focuses
on the synthesis and purification of active pharmaceutical
ingredients (APIs) and specialty chemistries in continuous
flow mode (Figure 1). In particular, the activities cover (a)
the preparation of heterogeneous catalysts, (b) the imple-
mentation of these catalysts into continuous flow processes
and (c) the development of functionalized monolithic sta-
tionary phases for continuous (electro-)chromatography.
In the area of heterogeneous catalysis, palladium
compounds and titanocenes are immobilized via organic
ligands on different solid supports, such as functional-
ized silica gel [1, 2], silicon wafers and particles as well
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Figure1 Scheme of the production of APIs in continuous flow mode.
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as modified cellulose. Additionally, palladium supported
cerium-tin-oxides (general formula CeSnPd . O,),
that can be easily prepared via solution-combustion syn-
thesis [3], have been established. The titanocenes are used
for the production of chiral amines via hydrosilylation of
imines [4], whereas the palladium compounds are used
for Suzuki-Miyaura cross-coupling reactions [5, 6].

In addition to recycling and heterogeneity studies in
batch experiments, the heterogeneous Pd-compounds
are implemented in a packed bed micro-reactor system.
The reactions are carried out in aqueous media at mod-
erate temperatures. The Pd-leaching into the product was
analyzed to be below the detection limit of inductively
coupled plasma optical emission spectrometry (ICP/OES).

Applied microreactor system

The applied microreactor system is the so-called plug
& play reactor, which was developed together with
the company OneA Engineering GmbH (Figure 2). The
system is a versatile tool that includes flexible modules
for heating/cooling and mixing as well as an exchange-
able reaction segment, which is a commercially available
HPLC column filled with the catalytic active particles. The
applications of the plug & play reactor include gas/solid,
liquid/solid as well as gas/liquid/solid reactions. Further-
more, it allows the monitoring of the reaction progress
and the reaction parameters in- and online and can be
easily implemented in existing (industrial) processes.

Heating/

media

Reaction

Cooling | |

DE GRUYTER

Additionally to the heterogeneous Suzuki-Miyaura
reactions, the performance of this new reactor is currently
tested for the continuous production of acetyl salicylic
acid (the API of aspirin) using a fixed bed of commercially
ion-exchange particles as heterogeneous catalysts.

Continuous (electro)-chromatography

Another research focus is the development of functional-
ized monolithic stationary phases for continuous (electro)-
chromatography. Chromatography is a powerful tool used
in analytical chemistry as well as in preparative purifica-
tion processes. However, chromatographic processes are
costly and are performed mostly as batch processes on an
industrial scale. One reason for that is the necessity to use
different stages in a chromatographic separation process
due to the high purification grade needed. To obtain a
more sustainable method, trends towards continuous
processes have emerged, such as simulated moving bed
chromatography (SMB) [7] and continuous annular chro-
matography (CAC) [8, 9].

A novel approach in this area includes continuous
annular electro-chromatography, which combines the
advantages of HPLC and electrophoresis, thus achieving
high theoretical plates and high throughput. As a con-
sortium member of the FP 7 project “Continuous Annular
Electro-chromatography (CAEC)” (https://caec.bci.tu-dort-
mund.de/), we developed functionalized monolithic sta-
tionary phases for the CAEC prototype (Figure 3). The novel
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Figure 2 Pictures and scheme of the plug & play reactor.
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Figure 3 Pictures of a CEC capillary (right), the planar test system (middle) and the annular prototype (left) filled with monolithic stationary

phase.

materials were successfully implemented in (a) capillaries
for capillary electro-chromatography (CEC), (b) a planar
test cell and (c) a prototype for CAEC. Although these
geometries implied a scale-up of the filling procedure by
the factor of 40, very homogeneous stationary phases
without any shrinkage or cracks could be produced. The
reversed phase materials were tested for the separation of
different model compounds, such as polycyclic aromatic
hydrocarbons, alkylbenzenes and phenols, and high sepa-
ration performances with theoretical plate numbers of up
to 30.000 m* could be achieved at every scale.

All in all, the approaches including the applications
of recyclable, non-leaching heterogeneous catalysts for
continuous flow chemistry in an aqueous environment as
well as the reduction of the amounts of organic solvents
used for purification approaches definitely contribute to a
“green processing” of APIs.

Process analysis and emerging
technologies for material and
energy efficiency in production
processes

Research on climate change showed that industry has to
contribute to a reduction of 80% of the emissions of green-
house gases until 2050.

In order to reach this ambitious goal the following
approaches have to be made [10]:
— increase in the efficiency of energy use
- shift to renewable forms of energy sources
—  new process units

— change the products to lower energy consumption
and longer lifetime.

The research group focusses on the analysis and evalu-
ation of production processes as a basis for the follow-
ing [11]: process modifications, process integration and
process intensification. In order to enable the access to
the latest developments, a database (wiki.zero-emissions.
at) has been designed and is continuously updated with
the results of different projects [12]. The database includes
basic production data, benchmarking numbers and latest
developments in energy efficiency for important produc-
tion processes. The main activities are currently in food
industry within the Intelligent Energy Europe project
Greenfoods (www.green-foods.eu). Examples of organic
waste from food industry are shown in Figure 4 [13].
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Figure 4 Organic waste from food industry prepared for biogas tests.
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Other international projects are the ASEN-Uninet
with the Ho Chi Minh University in Saigon, Vietnam, on
water and energy issues as well as two TEMPUS projects:
GIEP (www.giep.eu) and TRINEX (www.trinex.eu). Similar
process optimisations focus on membrane distillation in
wastewater cleaning.

Smart energy systems and
ecological evaluation

Energy and greenhouse gas emissions are however
not only problems for process industry, they are also of
general importance to society on its way towards sustain-
able development. Process engineering is not only a part
of the solution by greening industrial production but also
by providing planning and decision support methods that
may be used in other areas way beyond the confines of the
process engineering discipline [14].

A research group at IPPE therefore focuses on the
planning of optimal energy systems as well as on the
exploitation of renewable resources in smart cities and
regions of the future, drawing on the experiences with
process synthesis in chemical engineering [15]. Using
Process Network Synthesis methods based on the bi-
parted graph representation of industrial processes spear-
headed by Friedler et al. [16], the group helps regions and
cities to develop optimal energy systems that combine
greenhouse gas reductions with exploitation of local/
regional renewable resources and economic benefits.
Particular interest is put on the integration of industries
into the energy systems of cities and regions. The software
package RegiOpt, developed in cooperation with the Uni-
versity of Pannonia in Hungary and accessible from www.
fussabdrucksrechner.at allows lay persons to estimate the
optimal energy system for their particular regional setting.

Decisions towards sustainable development in indus-
try as well as in other areas requires solid knowledge
about ecological performance from the vantage point
of sustainability. The Sustainable Process Index (SPI)
developed by this research group at IPPE allows the com-
prehensive evaluation of ecological sustainability with
an ecological footprint that also takes into account the
difference between fossil, nuclear and renewable energy
forms and the impact of emissions [17]. This measure has
been successfully applied to many industrial processes
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over the course of the last 20 years. It has been applied
however also outside the process industry to agriculture,
energy systems, even to life styles, regions and cities.
The SPI is the base of the freely available software SPlo-
nWEB (www.SPIonWEB.tugraz.at) that allows process
engineers to evaluate their processes based on mass and
energy balances, drawing on a large database of pro-
cesses to allow for life cycle assessment. More software
on the SPI as well as case studies and literature can be
taken from this web page and the web page www.fussab-
drucksrechner.at.
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