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Gas-fed liquid-covered cathode electrodes used for direct electrochemical reduction of dilute
CO; in a flue gas

(Toyota Central R&D Labs., Inc.) O Yasuhiko Takeda, Shintaro Mizuno, Ryuichi Iwata,
Takeshi Morikawa, Naohiko Kato

We are developing highly efficient large-sized artificial photosynthetic cells that reduce CO»
to organic valuables. The newly designed 1 m?-sized cell consisting of an electrochemical
reactor and crystalline silicon solar cells converted CO; of 100% concentration to formate with
a high conversion efficiency of 10.5%'?. Thus, the next challenges are long-term durability®
and direct conversion of CO; in a flue gas®. As for the latter, a low CO, concentration and a
high O, concentration degrade the performance. Although a gas-diffusion electrode secures
sufficient CO; supply even at a low concentration, O, affects fatally. By contrast, an electrode
immersed in an electrolyte suffers from CO, depletion, whereas a low O» solubility mitigates
the detriment. To exploit both advantages of these configurations, we developed a cathode
electrode covered with a thin electrolyte layer, which is fed with a reaction gas (Fig. 1). In
addition, monoethanolamine that is often used for CO, capture was added in the electrolyte for
more CO, supply. Thus, we achieved Faradaic efficiencies of formate production as high as
around 70% even under direct feeding of a simulated flue gas (15% CO», 4% O», N> 81% (v/v)).
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