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Three-Dimensional Hydrogen Production Current Distribution in a
Cathode-Supported Honeycomb Solid Oxide Electrolysis Cell

Nakajima, Hironori
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We have developed a honeycomb (monolithicg electrolytic cell with a larger
reactive area for unit volume than the conventional planar and tubular cells. The volumetric density
of the fuel production rate can be significantly improved, leading to the development of compact
and high-performance steam electrolysis systems. This study addresses hydrogen production by steam
electrolysis using an SOEC with a porous honeycomb cathode support of Ni-YSZ. Current-voltage curves

were measured, and we thereby developed and validated a three-dimensional finite element model to
clarify the current and temperature distributions that are useful for the optimal design of
practical monolithic cells.
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Fig. 1. Cathode-supported honeycomb
SOEC (2 cm on each side) with
different channel arrangements. The
light-colored channel is the cathode
side, and the dark-colored channel is
where the electrolyte and anode are
applied. Water vapor is transported
from the cathode channel through the
porous honeycomb support.
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Fig. 2. Cannel arrangement of the honeycomb SOECs. (a) A8C1, (b) A4C5 (A: anode channel, C: cathode channel)
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Fig. 3. Cross-sectional drawing of the honeycomb cell.
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Fig. 4. Predicted and measured 1-V curve of the (8) A8CL1 (b) A4C5 cellsat 800°C. Inlet flow rates (25°C, 1 atm): Cathode:
H20/ N2/ Hz2=20/100/ 120 cm®¥min, Anode: Air = 200 cm¥/min
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Fig. 5. Comparison of ASC1 and A4C5 cellsat 1.7 V and theinlet flow rate of H2O / N2/ Hz = 20/ 100 / 120 cm®/min,
800°C, (a)(b): current distribution, (c)(d): hydrogen mole fraction, (e)(f): water vapor mole fraction.
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Fig. 6. Comparison of ABC1 and A4C5 cdllsat 1.7 V and theinlet flow rate of H2O / N2/ H2 = 60 / 300 / 360 cm3/min,
800°C, (a)(b): current distribution, (c)(d): hydrogen mole fraction, (e)(f): water vapor mole fraction.
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