Chemical and structural insights from Al K-edge XANES – alumina and mixed-metal aluminates
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ABSTRACT
Aluminates make an essential group of materials for industrial applications in the energy and environment sectors. Extremely abundant, light and affordable, aluminates are used in the manufacturing of a great variety of adsorbents, catalysts and ceramics. The properties of such materials (thermal, chemical, electrical) may be tuned thanks to the diversity of compositions and structures that aluminates may take. From simple hydroxides to mixed metal oxides, the tuning of the functional properties of aluminates relies on the mastering of their synthesis, shaping and thermal transformation processes. The chemistry of aluminates must therefore be controlled from ambient aqueous conditions to high-temperature solid-state reactions. The description of the chemical and structural state of aluminum has benefited from various techniques such as FTIR, XRD and 27Al-NMR which have provided a strong framework for rationalizing material manufacturing and properties tuning.
The XAS of aluminum has been investigated in several instances for studying natural and synthetic aluminates [1-3]. With an onset energy of 1.56 keV, the Al K-edge may be probed at synchrotrons in few dedicated soft X-ray beamlines with transmission or fluorescence spectroscopy setups. Highly sensitive to the coordination environment of Al3+, the XANES of the Al K-edge reveals interesting electronic properties of the solid compounds distinctive of tetrahedral, pentahedral and octahedral environments affected by various distortion and long-range order effects. Used with chemistry, time or space resolved spectroscopic methodologies, Al K-edge XANES was shown to reveal interesting chemical and structural behaviors of aluminate systems not accessible by other means [4].
This communication will present Al K-edge XANES data obtained from the HERMES and LUCIA beamlines of synchrotron SOLEIL on synthetic samples relevant to catalysis and thermochemistry. The experimental and computed spectral features of the different compounds will be discussed in reference to their structural parameters. Two cases will be described. First is the aqueous phase chemistry of aluminates leading to (oxy)hydroxides and the thermal transformation of the latter to transition alumina. Second is the high temperature (>800°C) transformation of mixed-metal aluminates in cycling redox atmospheres [4].
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