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SW3-3 | Infiltration of Nanocatalysts for Solid Oxide
Electrolysis Cells
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Solid oxide electrolysis cell (SOEC) technology offers
one of the most efficient and versatile means of clean

hydrogen production and large-scale energy storage.
Although the functionality of SOEC electrodes could be
significantly improved by reducing the feature size of
electrode to nanoscale, the practical use of
nanomaterials has been limited due to the lack of stability
and controllability at high temperatures. Herein, we
demonstrate an advanced infiltration technique that
allows nanoscale control of highly active and stable
catalysts at elevated temperatures. Homogeneous
precipitation in chemical solution, which is induced by
urea decomposition, allows the precise tailoring of the
phase purity and geometric properties. Particularly,
effective complexing followed by instantaneous
precipitation enables the atomic-scale dispersion of
active catalysts on support. Outstanding performance
and durability are demonstrated in both fuel cell and
electrolysis modes.
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Emerging hydrogen energy and carbon neutrality
market, various electrochemical devices were widely
applied. Particularly, hydrogen production via water
electrolysis and hydrogen application via fuel cell
systems have been rapidly attended. For the case of both
electrolysis and fuel cells system, various ionic
conductors are widely hired as the electrolyte for their
electrochemical ionic exchange reaction; their types are
classified primarily by the kind of electrolyte materials
they employ by determining the kind of electrochemical
reaction that take place in the electrolyte and electrode.
For example, Solid Oxide Fuel Cells (SOFCs) and Solid
Oxide Electrolysis Cells (SOECs) have a solid oxide
electrolyte which conduct negative oxide ion from the
air electrode to the fuel electrode via diffusion due to
oxygen vacancies in the solid oxide lattice. Many studies
have been reported for not only efficient production
of hydrogen via SOECs but also high performed SOFCs,
and La;-SryGai;Mg,O03-s (LSGM), a substitute for
yttria-stabilized zirconia (YSZ) has emerged as a rising
candidate for the electrolyte due to its superior ionic
conductivity even in intermediate temperature (<
1073K). Since solid oxide electrochemical devices with
LSGM can work in intermediate temperatures, it can
have better durability and efficiency at lower
temperature operating conditions. However, a few
essential requirements must still be addresses for the
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widespread use of commercial LSGM based electrochemical
device; their lower mechanical strengths and higher
reactivity with electrode compared to the YSZ based
electrolyte makes it difficult to find a cost-effective
manufacturing process and compatible materials. In this
regard, several strategies for advanced manufacturing
have been carried for competitive commercialization
of LSGM based SOCs at KICET: (a) lowering temperature
processing, (b) ultra-thinner self-standing electrolyte, (c)
non-touchable electrode coating processing, and (d)
optimal buffer layer. Our innovative activity on the
recent LSGM based SOCs will be discussed in detail.
Consequently, the fabricated cell exhibits outstanding
maximum power density of 1.40 W cm™ with the ohmic
resistance of 0.131 2 cm?at 1073K through the effects
of the thinner buffer layer and modified electrode surface
via the simple-step sonic spraying technique. When the
higher electrolysis performance was, subsequently,
achieved on reverse SOC operation mode; a high current
density of 1.01 A cm™ at 1073 K, when applied 1.3 V.
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