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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. As ion trans-
port in solids is key for determining the performance of these
devices, an improved understanding of the characteristics of
existing electrode and electrolyte materials is required. For
example, crystal structure, thermal stability, and reaction
mechanisms are important to enhancing battery performance.
Furthermore, the development of novel ion conduction phe-
nomena through the synthesis of a new class of substances
will be expected to lead to the creation of novel battery
systems. In this context, I have concentrated my research
efforts into two main areas: (i) Studies into the reaction
mechanisms of cathodic materials for lithium secondary bat-
teries; and (ii) The synthesis of new materials exhibiting
hydride ion (H™) conductivity and the development of a novel
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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. Study on H- Conductive Oxyhydrides’-5

Ionic charge carriers include a variety of species, such as
Li*, H*, Ag*, Cu*, F~, and O%, and their conductors have
found applications in energy devices such as fuel cells and
batteries. A hydride ion (H™,) is an attractive charge carrier
because it exhibits promising features for fast ionic con-
duction; namely, monovalence, suitable ionic size similar to
that of F~ and O2~, and high polarizability. Furthermore, its
strong reducing properties with a standard redox potential of
H~/H; (2.3 V) which is close to that of Mg/Mg%+ (=2.4 V)
may be applied in energy storage/conversion devices with
high energy densities. In 2016, we synthesized a series of
KoNiFy-type oxyhydrides, Lay_y_ySryyyLiH| 54,03y, which
are equipped with anion sublattices that exhibit flexibility in
the storage of H-, O%~, and vacancies (Figure 2 upper) and
demonstrated pure H™ conduction properties in the oxy-
hydrides. The Li-based oxyhydrides acted as solid electrolytes
and the all-solid-state Ti/La_x_,Sty,LiH|_4yO3_,/TiH; cell
showed a redox reaction based on hydrogen storage/desorption
on the electrodes, which is a first battery reaction using H™
conduction phenomena.
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Figure 2. Crystal structures of H™ conductive oxyhydrides Lap_ySryyy
LiH; 44,03y (x=0,y =0, 1, 2) and Ba;MHO3 (M = Sc, Y).

More recently, we synthesized novel H™ conductive oxy-
hydrides, BapMHO3 (M = Sc, Y), with the K,NiF4-type struc-
ture and confirmed its unique site selectivity for H™. In accord-
ance with the electrostatic valence rule, it was found that the
hydride ions in BapMHO3 selectively occupied the rock-salt
layer, in contrast to those of the observed isostructural Li-
based oxyhydrides that preferentially occupy the perovskite
layer (Figure 2). The cation size at the octahedral center

Award

influences the anion arrangement within the rock salt layer,
and in the Y-oxyhydride, the complete ordering of H/O led to
the formation of the [BapH»] layers. These results indicate that
anion ordering in oxyhydrides could be tuned by appropriate
element substitutions, which is a new insight for designing H™
conducting materials.

2. High-Performance of Li-Rich Layered
Cathode Materials through A>O3-Surface
Modification®

Controlling the cathode/electrolyte interface by surface
modification of cathode materials with metal oxides or phos-
phate is being explored as a possible strategy for improving
the electrochemical performance of such materials. We syn-
thesized Al,O3-coated Li[Lig2Nig.18C0g,03Mng 58]0, and inves-
tiated 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 galva-
nostatic 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) inter-
layer was formed between the modification layer and the
Li[Lio_zNio.l8C00<03Mn0_5g]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.

LiM,_AlLO, interlayer

Al,0; layer p Al203-coated Li[Lio.2Nio.18C00.03Mno.58]O2

Aloxides 7\ & Li-Al oxides

Li[Lig 5Nip, 15C00/03MNg 6105 Li(M1-xAl)O2

Intensity (Arb. Unit.)

| IPEIRPIN S NI R RIS IR A A |
1568 1566 1564 1562 1560 1558 1556
Binding Energy E/ eV

Figure 3. Schematic illustration and Al 1s HAXPES spectra of the 2
wt% AlyO3-coated Li[Lip 2Nip,18C00,03Mng s3]0 particle.
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