
 

A solid pathway toward hydrogen storage
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A hydrogenation mechanism that directly forms magnesium borohydride avoids
issues known to inhibit the speed at which a hydrogen vehicle can be refueled.
Hydrogen molecules (gray) dissociate on exposed magnesium (blue) layers of
magnesium diboride and migrate to boron (green) edge sites to form borohydride
units (BH4, center, light green and light gray). Credit: Lawrence Livermore
National Laboratory

An inexpensive and useful layered superconductor compound also may
be an efficient solid-state material for storing hydrogen. The Department
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of Energy's (DOE) Energy Materials Network (EMN) consortium
approach to accelerate material discovery and development is starting to
pay off.

Through theory and experimentation, Lawrence Livermore National
Laboratory (LLNL) scientists have discovered the key mechanism by
which magnesium diboride (MgB2) absorbs hydrogen and provided key
insights into the reaction pathway that converts MgB2 to its highest
hydrogen capacity form, magnesium borohydride (Mg(BH4)2).
Mg(BH4)2 is a particularly promising hydrogen storage material because
of its high hydrogen content and attractive thermodynamics.

"The insights provided by our study are an important step toward
unlocking the potential of this material for solid-state hydrogen storage,"
said Keith Ray, LLNL physicist and lead author of a paper featured on
the inside cover of the September issue of Physical Chemistry Chemical
Physics .

Storage of hydrogen is one of the critical enabling technologies for
hydrogen-fueled transportation systems as well as grid resiliency, energy
storage and use of diverse domestic resources across sectors, which can
reduce oil dependency.

Hydrogen has a high gravimetric energy density—fuel cell vehicles on
the road today can travel more than 300 miles with 5 kilograms of
hydrogen—and zero pollution from the tailpipe. However, current
hydrogen-powered vehicles rely on high-pressure hydrogen storage
tanks, which limit infrastructure practicality. Furthermore, the use of
700 bar (700 atmospheres of pressure) H2 gas is inefficient due to
compression losses.

Solid-state hydrogen storage in complex metal hydrides may offer much
more compact onboard storage systems and reduced operating pressures.
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However, complex metal hydrides are often characterized by poor
kinetics and multi-step hydrogenation pathways that are not well
understood.

In the new study, the team took an important step toward understanding
and improving these shortcomings. They found that in the initial stages
of hydrogen exposure, MgB2 can hydrogenate to Mg(BH4)2 without the
formation of intermediate compounds. Since these intermediates are
known to inhibit the speed at which a hydrogen vehicle can be refueled,
the possibility of avoiding them is an important development toward
making MgB2 practically viable.

"We showed that if you can combine spectroscopy, first principles
calculations and kinetic modeling, it's possible to understand the reaction
pathway and specific chemical mechanism in a way that hasn't been
done before," said Tae Wook Heo, LLNL materials scientist and co-
author. The research team also discovered that MgB2 hydrogenation
occurs in two separate reaction stages as hydrogen molecules split and
migrate to exposed edges in the material.

Brandon Wood, the LLNL materials scientist who leads the project, said
this research provides a roadmap for integrating experiments and theory
toward a more comprehensive understanding of complex reactions in
solid-state hydrogen storage materials. The research is part of a broader
study of complex metal hydrides being conducted through the
Department of Energy's Hydrogen Storage Materials—Advanced
Research Consortium (HyMARC ).

  More information: Keith G. Ray et al. Elucidating the mechanism of
MgB2 initial hydrogenation via a combined experimental–theoretical
study, Phys. Chem. Chem. Phys. (2017). DOI: 10.1039/c7cp03709k
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