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The direct synthesis of Li[BH4] and Li[B11D4] from the corresponding elements at T = 700 °C and p(H2) (or p(D2)) = 150 bar is demonstrated. The chemical inertness of boron is thought to prevent its reaction with lithium and hydrogen to LiBH4 at lower temperatures. We show however that the reaction kinetics can be enforced by a LiB3 like alloy and a Li7B6 intermetallic compound which are formed in inert argon atmosphere at 330°C and 450°C, respectively. The synthesis is carried out by exposing the Li-B mixtures to a defined hydrogen pressure in a high pressure stainless steel vessel and the hydrogen adsorption is monitored by the pressure decrease.  The product is identified by X-ray powder diffraction.

Introduction

In this work the direct synthesis of Li[BH4] and Li[BD4] from the elements is presented. An analysis of the absorption reaction is performed in order to describe the mechanism. The two materials LiB3 and Li7B6 are compared to a mixture of Li and B during hydrogen absorption experiments.

Experimental

The starting material for the synthesis of LiBH4 is a mixture of equal mass Li and pre-milled B (atomic ratio Li:B = 8:5). Heating the Li/B mixture for 16 h at 330 °C in Ar atmosphere leads to the formation of the LiB3 alloy with excess of Li. Subsequently, the sample was heated for 16 h to 450 °C in Ar to form the Li7B6 with excess of Li. The samples were then heated from room temperature (RT) to 700°C in a high pressure stainless steel cylinder under hydrogen (initial pressure of 150 bar at RT). 
Results

We demonstrated the preparation solvent free Li[BH4] and Li[B11D4] directly from the elements, exposing pre-milled boron powder and lithium to a hydrogen (deuterium) atmosphere of 150 bar at a temperature of 700 °C. A pre-treatment of the educts Li and B to form LiB3 or Li7B6 has significant influence on the hydrogen absorption rate. The melting of LiH plays an important role, if the hydrogenation starts from unreacted Li, B and hydrogen. In the unreacted Li/B mixture the melting of the LiH passivation layer on the Li particles leads to an abrupt and full conversion of Li to LiH. Only at high temperatures liquid LiH reacts with hydrogen and B to Li[BH4]. 
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Fig. 1. Mechanism of the Li[BH4] formation.

This abrupt hydrogenation is not observed for the alloys (LiB3, Li7B6) as starting materials. 
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