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Solvent free synthesis
of borohydrides

The invention presents a new method for solvent-free synthe-
sis of borohydrides at room temperature. Borohydrides are
widely applied reagents for organic and inorganic synthesis.
Due to their high gravimetric hydrogen density, they are very
promising compounds for hydrogen storage in mobile appli-
cations. The synthesis is performed by milling of the corre-
sponding metal hydrides in borane/hydrogen atmosphere.

The synthesis of borohydrides is usually performed in wet chemical reactions with solvents
such as ether or isopropyl amine making use of metathesis reactions with different halides
or chlorides. In order to obtain a pure product the solvents and the salts forming as by-
products have to be separated from the final product. This makes the synthesis process
complex, time consuming and costly. Therefore, it is difficult to obtain pure borohydrides
as end products. As a consequence many borohydrides are not yet commercially available
or are very expensive.

The new synthesis method presents a general way to prepare pure borohydrides solvent-
free at room temperature. The aftertreatment of the final product becomes obsolete, which
makes this process more effective and economic than other preparation methods. Addi-
tionally, the new synthesis method allows combining different metals for the borohydride
formation. This might enable the synthesis of new, mixed borohydride systems with tunable
sorption properties.
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Technical Information

Borohydrides are applied in a wide range of different fields. In organic and inorganic chemistry they are used as re-
ducing agents, starting compounds for the synthesis of organometallic derivatives, precursors for the production
of borides and hydrides, as well as other inorganic materials and catalysts for hydrogenation, isomerisation,
oligomerisation, and polymerization. Furthermore, borohydrides have high potential as future energy carrier due
to their high volumetric and gravimetric hydrogen density.

The gravimetric energy density of LiBH, for example, ex-

ceeds the one of gasoline by a factor of three. M(BH,),

Schematic presentation of the solvent-free preparation route for
borohydrides: B,H¢ reacts with the metal hydride to the final
borohydride, while the passivation layer forming on the surface
is continuously broken by high energy milling. The reaction pro-
ceeds according to following equation:

MH, + %/2 BHg — M(BH,),
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of materials science and technology development including important environmental aspects. Empa'’s
R&D activities focus on the requirements of industry and the needs of society, therefore bridging the gap
from science to engineering and from research to industry and society. As a result, Empa is capable of
providing its partners with help to improve the quality of life for the public at large. Safety, reliability and
sustainability of materials and systems are cross-sectional topics permeating all Empa activities. As such,
Empa plays a key role in Switzerland's research and innovation landscape.
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