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Efficient and safe storage of hydrogen for energy conversion has received significant attention
over the last decades. However, it still remains a substantial challenge for the prospects of a
hydrogen economy to provide a safe, reversible and dense storage method for hydrogen. Most
research is currently focused on the so-called complex hydrides based on alanates or borates.
Some hydrides have promising properties, but most still suffer from a too low hydrogen
density, too slow kinetics or lack of reversibility. In addition, hydride materials are very
reactive towards oxygen and water, which causes the handling to be very challenging.
Ammonia is an efficient hydrogen carrier [1]. The “reforming” of ammonia into hydrogen and
nitrogen, the reverse ammonia synthesis, is well-understood and can be performed at
temperatures close to 600K. However - in terms of safety - it might not be desirable to drive
directly with liquid ammonia fuel in a pressurized container. However, a hydrogen economy
based on ammonia appears promising, if it was combined with a safe, high density storage
method.

We have demonstrated the use of solid metal ammine complexes as such an indirect hydrogen
storage material [2]. Ammonia can be chemically coordinated to a metal salt, and we have
shown a number of salts to be viable indirect hydrogen storage materials. With focus on MgCl,
as one of the most promising materials; we will outline the potential of such a storage
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Figure 1: Development of nano-porous structure  Figure 2: Activities of Ru based
during desorbtion of NH; from Mg(NH3)sCl. catalysts for decomposition of ammonia.

Table 1: Gravimetric and volumetric hydrogen storage capacities of two ammine complexes
compared to the goals for hydrogen storage for fuel cell vehicles set by US Department of

Energy.
Gravimetric Volumetric Energy density
H, density (wt % H,) H, density (kg Hy/1) MJ/)
Mg(NH;)Cl, 9.1 0.11 13.0
Ca(NH;)sCl, 9.7 0.12 144
DOE 2015 9.0 0.081 9.72

approach. Mg(NH;)sCl, contains 9.1 % hydrogen by weight in the form of ammonia. Table 1
gives hydrogen densities of other possible salts. Furthermore the ammine complexes can be
compacted to above 90% of their crystal density without compromising their ability to release
ammonia. Ammonia is released from the salts upon heating, and the kinetics of this release is
only limited by heat transfer to the salt. When ammonia is desorbed from compact bodies of
ammine complexes, the crystals shrink and give rise to development of a nano-porous structure
through which ammonia from the center of the compact body can desorb. No change in size of
the compact body is observed The change in pore diameter and volume during desorbtion is
shown in fig. 1.

Ammonia stored in this way is a dense indirect hydrogen storage material, but for use in low
temperature fuel cells, the ammonia must be catalytically decomposed to the elements before it
can be utilized as a fuel.

One perceived area where fuel cells show importance is for miniaturized systems known as
“lab on a chip”. Often, power supplies or batteries for such systems are very bulky compared to
the system it supports. Thin fuel cells would be optimal for solving this problem, if the fuel
could be delivered from an equally compact system.

Promoted Ru catalysts on porous graphitized carbon is generally recognized as the most active
for decomposition of ammonia [3, 4]. So far, it has not been possible to integrate significant
amounts of porous graphitized carbon support in micro-fabricated reactors, and the best
miniaturized systems have thus used less optimal supports [5, 6]. As seen in Fig. 2, the use of
graphite support makes the catalyst far more active for the decomposition of ammonia.

Here, a method for such incorporation is presented, and the very high activities for ammonia
decomposition are demonstrated. Furthermore, micro-fabricated reactors are well suited for
catalyst studies, as the reactors can be kept absolutely isothermal under reaction conditions and
the gas flow stays laminar over a large range of space velocities. This has been used to
investigate promotion of the Ru/C system with Cs and Ba.
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