Temperature induced contact pressure changes in water electrolysis

Johanna Güttler (1,2), Lukas Ritz (1), Sonja Frerich (1), Martin Müller (1), Ralf Peters (1,2), Felix Lohmann-Richters (1)
(1) Institute of Energy Technologies, Electrochemical Process Engineering (IET-4),
Forschungszentrum Jülich GmbH;
(2) Faculty of Mechanical Engineering, Synthetic Fuels, Ruhr-Universität Bochum
Tel.: +49 2461/61-9074, Mobile: +4915231992700
j.guettler@fz-juelich.de

Abstract

Zero-gap cells used in electrochemical energy conversion experiments incorporate a variety of materials. Typically, these include metallic electrodes, polymeric gaskets and polymeric and/or ceramic separators. For alkaline water electrolysis, Zirfon diaphragms and nickel-based porous electrodes are commonly employed. In laboratory-scale setups, electrical contact is usually generated through mechanical compression of porous layers, which is determined by the thickness of the gasket. However, during thermal ramp-up, mismatches in the thermal expansion of polymers, metals, and ceramics can significantly impact the effective contact pressure. If the porous electrodes and separators do not provide sufficient mechanical compliance to buffer the elevated gasket expansion, the effective contact pressure can decrease as the system is heated up to operating conditions.
Our dedicated cell design enables in-operando monitoring and adjustment of the contact pressure on the active area. Measurements reveal that contact pressure fluctuates significantly with temperature; intrinsic performance gains at elevated temperatures can be offset by a simultaneous decrease in contact pressure. Comparative measurements of several electrode structures and gasket materials reveal markedly different thermomechanical contact pressure responses and how this influences the electrochemical performance is analyzed. This research highlights the importance of the thermomechanical properties of cell components for reliable electrochemical testing and cell design.
