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Master Thesis of Y, B.Sc.
Scalable Batch Precipitation of Fe/MgO Pre-Catalysts Considering Impeller Geometry and Transferability of Scale-up Criteria
Background:

Performance criteria of catalysts, such as activity, selectivity, and stability, are closely linked to material-specific parameters including crystallite size, phase composition, surface area, porosity, redox behavior, and metal-support interactions. Therefore, the synthesis method plays a decisive role in determining catalyst performance. Among established preparation routes, precipitation techniques are widely employed for catalyst synthesis in heterogeneous catalysis and enable the formation of multicomponent pre-catalysts with tailored physicochemical properties. Fe-based catalysts containing MgO as a support or structural stabilizer represent a relevant multicomponent catalyst system that can be prepared by precipitation-based synthesis routes. Since precipitation behavior and precursor formation strongly depend on the underlying chemical system, scale-up criteria may not necessarily be transferable from one catalyst synthesis to another. In addition, changes in reactor and impeller geometry significantly affect mixing behavior and local hydrodynamics and therefore need to be considered when transferring precipitation processes between different scales. The investigation of Fe/MgO therefore provides the opportunity to evaluate scale-up approaches previously studied for NiO/Al2O3 systems and to assess the transferability of characteristic process parameters and dimensionless numbers between different catalyst syntheses. 
Tasks and scheduled work:
· Literature review on precipitation-based synthesis routes for Fe/MgO pre-catalysts as well as scale-up approaches for precipitation and crystallization processes.
· Application and evaluation of the previously developed dimensionless scale-up approach of a Ni/Al2O3 catalyst for the Fe/MgO system.
· Investigation of the transferability of characteristic dimensionless numbers and scale-up criteria between both catalyst systems and identification of system-specific and system-independent relationships.
· Extension of the scale-up approach by investigating variations in impeller geometry and dimensions.
· Synthesis of Fe/MgO pre-catalysts via precipitation in reactors with volumes of 0.5, 2, 6, and 10 L, including subsequent aging, washing, drying, crushing, and calcination.
· Systematic investigation of selected impeller geometries and dimensions focusing on their influence on mixing behavior, precursor formation, and the resulting material properties across different process scales.
· Physicochemical characterization of the synthesized materials using XRD, N2 physisorption, analysis of the metal content, H2 TPR, and, for selected samples, additional characterization techniques.

· Comprehensive documentation of all experimental work using the digital laboratory notebook eLabFTW alongside implementation of new or modified synthesis procedures, process parameters, and characterization results.

· Further integration of Voc4Cat for standardized and machine-readable annotation of synthesis, process, and characterization data to further develop the digitalization framework.
The scope of the thesis includes regular presentation and discussion of results as well as research data management, a written report of max. 60 pages excl. references and appendix as well as a final presentation of the thesis (20 min) in the IKFT seminar. The rules of safeguarding good scientific practice of the German Research Foundation (Deutsche Forschungsgemeinschaft, DOI: 10.5281/zenodo.3923601) and the current regulation for the safeguarding of good scientific practice at KIT must be observed.
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