The Cubic Metallic Phase of Aluminum Hydride shows Improved Hydrogen Desorption and can be Dynamically Stabilized at Ambient Pressure
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AlH3, with its large gravimetric hydrogen density of 10 wt.%, represents a very promising prospective approach towards high-capacity H-storage. However, for AlH3, as for many other materials, hydrogen is bound too strongly and hence there exists a sizable barrier for hydrogen desorption which obstructs fast kinetics. The Al-H bonds would be significantly weakened if one could induce an insulator-metal transition in AlH3. Recently, a new high-pressure phase for AlH3 with metallic nature and cubic structure was first predicted from theory [1] and subsequently discovered experimentally [2]. We have investigated this metallic phase of AlH3 and found a greatly reduced hydrogen binding energy [3]. As a result of this lower barrier, the kinetics of hydrogen desorption in AlH3 are significantly improved. For such potential applications, this new phase would however need to be stabilized at ambient conditions. In our study, we employ state-of-the-art density functional theory calculations to assess the mechanical and dynamical stability of cubic AlH3 from first principles. We discovered that below a critical pressure, lattice instabilities can occur due to phonon softening. The mechanism driving the softening of the phonon mode is closely related with an electronic momentum transfer. Nevertheless, it appears possible to stabilize this material at low pressure once finite-temperature effects are considered, since the latter are shown to lead to a shift in the electronic energy levels towards lower values away from a near-crossing of the Fermi level [4]. Thus, based on our theoretical results, we are able to propose quenching experiments which could bring feasible applications of this material for mobile hydrogen storage much closer to realization.
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Crystal structure and electron localization function (ELF) for cubic phase of aluminum hydride.








