Thermodynamic Study of Yttrium Boranate - Y(BHa)3
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The storage of hydrogen is a necessary step to achieve the transition of the german energy
sector from fossil fuels to renewable energy sources [1]. Transition metal boranates may
contribute to reach this goal. Yttrium boranate, Y(BH4)s, is such a candidate. Several
investigations concerning the decomposition of this boranate can be found in the literature, but
there is no agreement on the final decomposition products [2]. In addition, no investigations
concerning the thermodynamic data of the compound exist, despite their necessesity for the
detail understanding of the decomposition reactions. Therefore, we conducted a calorimetric
study to provide these data and emplyed them in thermodynamic equilibrium calculations to
study the decomposition and the rehydrogenation behaviour of Yttrium boranate.

Because there are several problems by using a wet chemical route to produce Y(BHa4)s, we
applyed a metathesis synthesis by ball milling of YCl; with three equivalents of LiBH4 adapted
from [3]. The obtained mixture of Y(BHa4)s with three equivalents of LiCl was used for all further
investigations.

The heat capacity of the compound was measured between 2 K and 300 K using a Quantum
Design Physical Property Measurements System and between 280 K and 380 K using a
Setaram DSC-111. The Debye temperature and absolute entropy at 298.15 K were determined
from the low temperature measurements. TG-DSC-MS measurements and Hess law were
employed to determine the enthalpy of formation at 298.15 K, which is comparable to the
respective value estimated from DFT calculations [4].

In addition, there is no consent in the literature on the final decomposition products. Therefore,
thermodynamic equilibrium calculations were used to shed light on the thermodynamic
favoured decomposition reactions. An evaluation of possible decomposition reactions to
various products (YHz, YH3, B, Hz, YB2, YB4, YBe) was carried using data form our own
experiments, own DFT calculations and the literature.
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