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Abstract:

Solid oxide electrolysis cell (SOEC) for production of hydrogen and syngas has been developed.
The comparison of electrochemical performance among hydrogen electrodes and oxygen electrodes has
been done. For hydrogen electrode, the electrochemical performance in SOEC mode was in the order of
Nickel-Ruthenium-Gadolinium doped ceria (Ni-Ru-GDC) > Ni-GDC > Ni-Yttria stabilized zirconia (Ni-YSZ).
For oxygen electrode, the electrochemical performance in SOEC mode could be ordered: Lanthanum
strontium cobalt ferrite (LSCF) > Lanthanum strontium manganite (LSM-YSZ) > Lanthanum strontium
ferrite (LSF). Based on an acceptable high performance in SOEC mode and symmetrical performance
between SOEC and Solid oxide fuel cell (SOFC) mode, Ni-GDC and LSM-YSZ were then chosen to be
used in the cell development. Initially, the cell having Ni-GDC electrode and GDC electrolyte was
developed, using YSZ as a buffer layer (Ni-GDC/YSZ/GDC/LSM-YSZ). It was found that the buffer layer
helps increasing cell's electrochemical performance and decreasing the performance degradation.
However, the use of GDC made the cell fragile and the fabrication process was rather difficult. Another
type of cell was then developed. To increase cell’ strength, Ni-YSZ was used as a base and GDC was
impregnated into the base to increase electrode’s electrochemical performance and symmetrical
performance between SOEC and SOFC mode. A combination of GDC and Ni-YSZ was used in order to
obtain advantages from both materials. When Ni-YSZ was used as an electrode, YSZ was then used as
an electrolyte for thermal expansion match. The electrolysis cell of GDC impregnated Ni-YSZ/YSZ/LSM-
YSZ was fabricated. The suitable operating conditions were 70/30 H,O/H,, 800°C and 0.1 Alem’ which
provide cell’'s potential at 1.1 V. The cell also exhibited rather stable performance comparing to non-GDC

impregnated cell (Ni-YSZ/YSZ/LSM-YSZ) which significantly degraded within 200 h (0.025 V/h).
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