Course Package

Materials Science — Q4

Name module Materials Science — Q4

Educational programme MSc Chemical Science & Engineering
Period Second quartile of second semester — Q4
Study load 15 EC

Coordinator C. C. Diepenmaat

Materials Science
Quartile 1 Quartile 2 Quartile 3 Quartile 4
Polymer Synthesis:
Fundamentals, Advanced
Techniques, and Designing
Functional Materials
202001532 (5 EC)

Membrane Materials
201800331 (2,5 EC)

Process Optimization
202001581 (2,5 EC)

Materials Science of
Batteries
202400373 (2,5 EC)

Membrane Processes
201800330 (2,5 EC)

Required preliminary knowledge: Organic Chemistry; Mathematics (among other Statistics for Chem. Process
Analysis); Molecular Chemistry; Bachelor chemistry or Chemical Engineering; or Inorganic Chemistry course;
Statistical Thermodynamics or Statistical Physics; Electrochemistry Fundamentals.

202001532 - Polymer Synthesis: Fundamentals, Advanced Techniques, and Designing Functional Materials

This new lecture was developed in order to increase the molecular perspective of students to the field of polymers.
They shall learn polymers from the perspective of macro-molecules and will learn classical and state-of-the-art
synthesis protocols and theories for making all kinds of polymeric materials. This course builds on the basic principles
of polymerization reactions.

This course merely focuses on synthesis of polymers and how to control or tune the molecular structure of polymers.
This course will expand the current curriculum and enable the students to understand and plan synthesis routes to
sophisticated polymeric materials but also understand how and why certain polymers have entered the industrial
scale of up to 100 million tons per year.

201800331 - Membrane Materials

The different methods and materials for membrane fabrication will be discussed, including phase inversion,
interfacial polymerization (or localized reactions), sintering, crosslinking and coatings. These methods lead to porous,
dense, or ion selective membranes. Characterization techniques are presented crucial to define the separation
properties of membranes. The materials properties, combined with the fabrication method, results in a selective
transport medium, for which the transport theory is basically explained.

The modules are tentative and subject to change. Please check the website regularly.


https://www.utwente.nl/en/education/exchange-students/application-procedure/
https://www.utwente.nl/en/education/exchange-students/application-procedure/

202001581- Process Optimization

In this course we will learn that process systems can be viewed at different levels of detail (time and space) but that
they share the fact that they require input (or sources) and generate output (or sinks).

A process system could be a coffee machine, a photovoltaic cell, a human body, a hybrid car, an industrial plant, an
electrolysis unit, a network of power generators or a complete biobased supply chain.

Raw materials and energy move through process systems and have become one of the main needs of humankind.
The systematic generation, conversion, storage and distribution of it has become an urgent matter. In this course we
will pay attention to the analysis and design of process systems from a process systems engineering point of view.
We will translate our process systems in mathematical optimization models and solve them with the appropriate
tools.

202400373- Materials Science of Batteries

In this course, fundamental aspects such as (electro-)chemistry, modelling, synthesis and characterization of
materials as well as fabrication of different types of batteries will be discussed. The main focus will be on Li-ion
batteries, but other types such as Na-ion, all-solid-state, Li-S, and Zn-ion batteries which are close to market or in
development will be addressed as well. Basic processes in bulk and microstructure of electrodes as well as their
interfaces with electrolytes will be discussed in detail. Application of simulation and experimental (in situ and
operando) methods as well as post-mortem to characterize properties and performance of materials and batteries
will be addressed.

Contents

e Introduction: History, Types, Applications and markets, E-mobility, Stationary

e Working principles: Components: electrodes, electrolyte (solvent, salt, additive), separator, collector; Redox
(intercalation, absorption, chemical reaction); Charge/discharge process; SEl, CEl, Dendrite; Performance
(capacity, current, voltage, power, energy density, cycling and calendar life); Controlling parameters and
processes (ionic and electronic conductivity, electrode/electrolyte interactions, polarization, aging)

e Structure, composition, (electro)-chemistry, and performance of materials: Electrolyte (organic and aqueous
liquid, polymer, ceramic); Anode (2D and 3D: graphite, amorphous carbon Silicon, Tin, oxides); Cathode (2D
and 3D: layered oxides, LFP, NASSICON, Prussian) materials for LiBs; Specific full cells (NMC, LFP);

e Beyond LiBs: Na-ion Batteries, Li-S Batteries, Dual-ion, Zn

e Experiment and characterization: XRD, XPS, XANES, impedance spectroscopy, CV, SEM, TEM, operando
studies

e Modeling and simulation of battery materials.

The course is assessed by a short oral exam about the lecture contents, plus a small assignment to study a relevant
scientific problem in contemporary battery technology in some depth.

201800330 - Membrane Processes

The course contains aspects related to selective transport phenomena that are relevant for diverse applications and
processes. We will include processes utilizing porous, dense and ion selective membranes.

Transport theory will be derived for the different separation processes, including porous and dense membranes.
Module design and process related conditions are then highlighted to describe their influence on the separation
performance. Concepts like concentration polarization, boundary layer, limiting flux, and pressure ratio, will be
introduced and explained connected to their corresponding application.

The modules are tentative and subject to change. Please check the website regularly.
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