FeTi-based intermetallic compounds for large-scale stationary hydrogen storage
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The intermittency of renewable sources requires the use of storage systems to balance energy production and demand. The hydrogen chain “production-storage-conversion” is considered as a key solution. It commonly comprises i) hydrogen production by water electrolysis, ii) hydrogen storage and iii) hydrogen conversion into electrical energy by means of a fuel cell. Hydrogen can be stored in different states: compressed gas, liquefied, or chemically bonded in solid compound such as metallic hydrides. The latter affords reversible hydrogen storage under mild thermodynamic conditions close to room temperature and atmospheric pressure. Metal hydrides offer safe, compact and long-term energy storage, making them well-adapted to stationary applications when using low-cost efficient intermetallic compounds and advanced system integration.
The European project HyCARE (www.hycare-project.eu), running from 2019 to 2022, aims to demonstrate the efficient use of metal hydrides, coupled to phase change materials, to store approx. 50 kg of hydrogen, the highest quantity ever accumulated in Europe following this solid-state approach and combined technology. Among the 10 partners integrating HyCARE, the CNRS leads the tailoring and optimization of the alloy composition work package. It comprises, alloy design, tuning to thermodynamic operation conditions, activation and kinetic issues, as well as to cycling stability, resistance to impurities and limited use of raw critical materials. Based on available data [1], low-cost TiFe-based intermetallic alloys have been selected. Composition and microstructure were optimized in terms of thermodynamics, activation, kinetics and cycle-life [2-3]. Thus, Ti-rich Mn-substituting compounds have been developed and their hydrogen properties deeply characterized by many-fold techniques, including analysis of reversible hydrogen uptake by in-situ neutron diffraction. Application of TiFe-based intermetallics in the HyCARE project will be presented together with future prospective for these materials.
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