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Abstract

Hydrogen fuel cells have the potential to offer energy and power density advantages over lithium
ion batteries in automotive and portable power applications when paired with an appropriate hydrogen
storage system. Development of the ideal hydrogen storage material has been immensely sought after
but plagued by limitations present in each type of material. These limitations typically include non-
idealistic operational temperatures, low capacities, excessive costs, lack of reversibility, or evolution of
impurities which irreversibly damage fuel cell performance. Many complex metal hydrides possess
suitable hydrogen capacities but unfortunately suffer from impurity release. In order to address this
problem, our team has explored in-situ catalyst doping of alkali metal amides to demonstrate
methodologies to reduce ammonia release. The incorporation of iridium metal in lithium amide
significantly reduces the ammonia release and decomposes the ammonia to provide additional hydrogen.
Furthermore, we demonstrate, for the first time, high resistance of low temperature fuel cells to ammonia
in comparison with typical proton exchange membrane fuel cells. The utilization of these two approaches
in tandem provides a novel pathway for the development and implementation of high capacity energy
storage materials for fuel cell applications.

Objectives

e Demonstrate methodologies to mitigate ammonia release from alkali metal amides

e Evaluate the effect of Iridium doping in lithium amide-based materials to decompose ammonia

e Develop methodologies to capture and utilize borane-based impurities from borohydride
hydrogen storage materials

e Demonstrate minimal performance impact on ammonia resistant fuel cells
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Introduction

The development of high capacity hydrogen storage materials has been studied for hydrogen fuel
cell vehicle applications for decades. Most high capacity hydrides have limitations in reversibility, cost,
operational temperature, and the evolution of other gaseous species which poison the fuel cell catalyst
or membrane. Recent advances in fuel cells, combined with nontraditional operational configurations,
provide promising pathways to significantly enhance the energy density needed for many portable power
applications.

Lithium nitride provides a promising pathway toward storing hydrogen due to its high gravimetric
hydrogen density upon hydrogenation, reversibility, and relatively low operating temperatures (200 - 270
°C). 1234 Li3N reacts with gaseous hydrogen by direct hydrogenation according to the following overall
equation:

LisN+H, - LioNH+LiH+H; - LiNH;+2LiH

Hydrogen release is known to occur in two distinct dehydrogenation steps as

1) LiNH2+LiH - Li:NH+H,

2) LNH+LH - LisN+H;
Although ammonia is known to react spontaneously with LiH to produce LiNH,,®> NHs evolution is still
observed in the LisN system during desorption. Ammonia readily reacts with the acidic groups found in
Nafion™ proton exchange membranes to significantly reduce fuel cell performance. Previous researchers
have demonstrated the addition of N, to hydrogen used for rehydrogenation mitigates the nitrogen loss
from NHs emission resulting in virtually negligible hydrogen capacity losses after 516 cycles. ® Therefore,
decomposition of ammonia to prevent fuel cell damage and rehydrogenation with hydrogen: nitrogen
mixtures to regenerate the material provides a promising pathway for the utilization of this material in
practice.

Approach

Lithium amide and lithium amide/lithium hydride samples were doped with varying amounts of
Iridium black by high energy ball milling. These samples were used to determine the effectiveness of
ammonia impurity decomposition during hydrogen release from the samples. Thermogravimetric Analysis
(TGA) coupled with residual gas analysis (RGA) was employed to determine the weight capacity loss from
the sample at a given temperature and identify the decomposition gases. Drager tube analysis and
titration experiments were employed to quantitatively determine the amount of ammonia decomposition
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observed from the Iridium doped samples. Kissinger plots of the decomposition thermograms were
derived from TGA thermograms to determine the catalytic effect on hydrogen release from the samples.
TGA/RGA analysis shown in Figure 1 demonstrates the effectiveness of Iridium as an in-situ ammonia
decomposition catalysts for lithium amide. Methodologies for the mitigation of Lewis acid boron based
impurities via scrubber techniques were also developed.

Ammonia impurities in hydrogen gas streams are detrimental to proton exchange membrane (PEM)
fuel cells as shown from previous work in Figure 2b. While the Iridium doped amide samples
demonstrated significant reduction in ammonia evolution and in turn a high hydrogen capacity, trace
ammonia is still detectable in the absence of lithium hydride. To elevate this issue, ammonia resistant fuel
cells were constructed and evaluated with a substantial amount of ammonia in the hydrogen gas stream.
These measurements demonstrated high resistance to ammonia impurities for the fuel cell utilized with
only a slight reduction in power density.

Accomplishments

e Demonstrated significant reduction of ammonia evolution from LiNH, decomposition in the
presence of Iridium. This is the first demonstration of an in-situ ammonia decomposition catalyst
for lithium amide. (Figure 1)

e Demonstrated an ammonia resistant fuel cell with only minimal power reduction and a
significantly higher current density than most PEM fuel cell experiments. This is in stark contrast
to the rapid performance degradation found in most PEM fuel cells with far lower concentrations
of ammonia. (Figure 2)

Future Directions
e Continue the development of poison resistant fuel cells and the direct pairing with complex metal
hydrides with impurity decomposition catalysts in situ.
e Continue development of integrated systems for portable power applications
e Continue research and development to reduce decomposition temperature of target materials to
increase overall system efficiency
FY 2021 Peer-reviewed/Non-peer reviewed Publications
e In preparation
Intellectual Property
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Figure 1: Thermogravimetric analysis/residual gas analysis of pure lithium amide (left) and lithium amide with 5 wt.
% Iridium (right)
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Figure 2: Fuel cell performance of ammonia resistant fuel cell with 7,400 ppm of ammonia in hydrogen gas (left)
and proton exchange membrane fuel cell performance with 250 ppm of ammonia in hydrogen gas (right)’
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