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Project description:

Anion exchange membrane water electrolyzers (AEMWE) are electrochemical devices that split the
water molecule into H; and O, when a DC current is applied. AEMWE are a novel yet promising
technology for hydrogen production due to their low cost and relatively high efficiency. A simple
representation of the AEMWE cells is shown in figure 1, where the membrane is situated between the
anode and the cathode, each containing a catalyst layer (CL) and a porous transport layer (PTL). The CL
is where the electrochemical reaction happens (half-cell reaction equations written in figure 1), while
the PTLs are responsible for evacuating the produced gases from the cell.

As part of HyPrAEM [1], a European project of the Horizon Europe initiative, the objective is to image
different PTL samples using computed micro-tomography, then to retreive the imaged PTL samples,
compute their microstructural properties (using an in-house-developed code) and use them in a CFD
study. The study includes simulating the 2-phase flow in the electrodes and finding the most important
PTL parameters that contribute to the bubble evacuation. Then, a PTL porosity gradient needs to be
investigated (figure 2), to study non-homogenious PTL structructes. In the end, the goal is optimize the
PTL microstructure. To achieve this goal, an existing multi-physics model developed in the lab needs
to be improved to account for non-homogeneities and different PTL microstructures.
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Figure 1: AEMWE cell structure with half-cell reactions [2] Figure 2: Non-homogeneous PTL microstructure [3]

Your tasks:

The student tasks for this project are:
1. Import the imaged samples from the computed micro-tomography into COMSOL

2. Compute the microstructural properties of the samples
3. Conduct a CFD study using the different imaged samples
4. Simulate non-homogeneous PTL structrures

5. Optimize PTL microstructure
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