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Chemical energy conversion/storage using electrochemical
devices such as fuel cells and batteries will become increas-
ingly important for future sustainable societies. Ion conductive
materials are used as electrodes or solid electrolytes, and are
key for determining the performance of these devices. There-
fore, much better understanding characteristics of existing
electrodes/electrolytes materials such as crystal structure,
thermal stability and their reaction mechanism is important for
achieving enhancement of battery performances. On the other
hand, finding novel ion conduction phenomena through syn-
thesis of a new class of substances leads to a creation of new
battery systems. Our group focuses mainly on two research
topics; (i) Control of an electrode/electrolyte interface in
lithium secondary batteries for enhancement of battery perfor-
mance (ii) Synthesis of new materials possessing a hydride ion
(H") conductivity and development of a novel battery system
utilizing the H™ conduction phenomenon and H/H; redox
reaction.
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Figure 1. The concept of our research toward the realization of new
energy storage/conversion devices.
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1. Synthesis of H™ Conductive
Oxyhydrides')

Indeed, H™ conduction is particularly attractive for electro-
chemical devices such as fuel cells and batteries, because H™
has an ionic radius suitable for fast ion conduction and a
strong reducing ability. The standard redox potential of H/H;
(2.3 V) is comparable with that of Mg/Mg?* (2.4 V); thus,
effective utilization of the H™ conduction phenomenon and the
H7/H; redox reaction may be promising for application in new
energy storage/conversion devices with high energy densities.

Here, we succeeded in the synthesis of a novel oxyhydride
(Lag_y_ySryyyLiH] 14,03 _y) with a wide composition range and
provide the first conclusive evidence of a pure H™ conduction
phenomenon in oxide-based materials (Figure 2). Further-
more, the capability of this oxyhydride as a solid electrolyte
was confirmed by discharging reaction of the all-solid-state H~
cell. H™ conductors are the new frontier materials in the
research field of solid-state ionics and electrochemistry. We
anticipate that our results provide a completely novel approach
for the effective use of hydrogen in a range of devices.
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Figure 2. Crystal structures of Lap St LiH| 1,03, (x =0,y =0,
1, 2). Lanthanum (and strontium) ions occupy the A sites of the
layered perovskite-type structure (A2BX4) that are 12-fold coordinated
with anions. Lithium occupies the B site that are octahedrally coordi-
nated with anions. The coordination environment around lithium ions
continuously changes with a change in the O/H™ ratio. The four axial
sites of the Li-anion octahedra (anion sites in Li-anion planes perpen-
dicular s-axis) prefer to be occupied by H™.

2. High-Performance of Li-Rich Layered
Cathode Materials through Combination of
A-03-Based Surface Modification and
Stepwise Pre-Cycling?

Controlling the cathode/electrolyte interface by modifying
the surface of the cathode material with metal oxides or
phosphate is being explored as a possible strategy for improv-
ing the electrochemical performance of such materials. In this
study, we synthesized Al,O3-coated Li[Lig2Nip.18C00.03Mng 53]
0O, and investigated the crystal structure, the chemical bonding
state from bulk to surface, and the influence of the surface
modification on the electrochemical performance by X-ray
diffraction, hard X-ray photoelectron spectroscopy (HAXPES),
and galvanostatic charge/discharge reaction. It revealed that
the surface-modification layer was composed of Li-Al oxides
and Al oxides and that a LiM|_,Al, O, (M = transition metals)
interlayer was formed between the modification layer and the
Li [Lio.zNiol18C00.03Mn0.58]02 particles (Figure 3) The cycling
performance of the Li-rich layered oxide was enhanced by the
surface modification with Al,O3. A discharge capacity of
more than 310 mA h~! and excellent cycling stability at 50 °C
were achieved by the combination of the gradual Li-insetion/
de-insertion process (stepwise precycling treatment) and the
surface-modification.
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Figure 3. Schematic illustration and Al 1s HAXPES spectra of the 2
wt% AlyO3-coated Li[Lip 2Nip.18C00.03Mng 53]O7 particle. The observed
data, the calculated results, and the background are shown as black

crosses and red, blue, and green lines, respectively.
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