
Energy conversion, Carbon-neutral, Green transformation

Multiscale design of CO2 electrolysis systems

A b s t r a c t
We have successfully increased the partial current density for 

electrochemical CO2 reduction reactions to multicarbon products 
(C2+) over Cu nanoparticles on gas diffusion electrodes in neutral 
electrolytes to a record value of 1.7 A/cm2. The faradaic efficiency 
for multicarbon products increased with the current density and 
reached 76% at a total current density of 1.6 A/cm2. Optimizing the 
standard components and their assembly as the cathode elicits 
the high-turnover frequency of Cu catalysts, resulting in the record 
partial current density for C2+. 

 ▍ Background & Results

Electrochemical CO2 reduction reaction (CO2RR) has attracted 
considerable attention as a promising strategy for the valorization 
of anthropogenic CO2. The increase in partial current density for 
synthesizing C2+, such as ethylene and ethanol, is crucial for the 
social-implementation potential. Recently, the direct electroreduc-
tion of gaseous CO2 using gas diffusion electrode (GDE) has been 
widely studied because it can overcome the problem of mass 
transport limitation due to the low solubility of CO2. However, the 
partial current density for C2+ has remained below 800 mA/cm2 
even when using GDEs in most previous studies. 

The present work attempts to pursue a high partial current densi-
ty for C2+ (jC2+) using neutral electrolytes by optimizing the standard 
components and properly assembling them as the cathode. In par-
ticular, we achieved a record current density of 1.7 A/cm2 for multi-
carbon products in neutral electrolytes using synthetic or commer-
cial Cu nanoparticles and carbon-based gas diffusion layers. The 
faradaic efficiency for C2+ increased with increasing current density 
in the present ultra-high-rate CO2 electrolysis system, and thus, a 
trade-on relationship between rate and selectivity was exhibited. 

Although there are many requirements to obtain ultra-high-rate 
electrolysis, including the nature and size of catalysts, and the po-
rosity of catalytic layers, we demonstrated that the thickness of cat-
alyst layers was one high-sensitive factor in determining maximum 
current density for C2+. We believe that this study suggests a novel 
approach to enlarging the triple-phase interface for enhancing the 
performance of electrocatalysis processes involving gases.

 ▍ Significance of the research and Future perspective

It is noteworthy that this electrode allowed us to achieve ultra-
high-rate CO2 electrolysis even in neutral solutions, which is more 
practical than alkaline solutions. In addition, the present study suc-
ceeded in eliciting the potential performance of an ordinary combi-
nation. The design guidelines obtained from the ultra-high-rate CO2 
electrolyisis with only ordinary materials would be quite general, 
and thus, they are expected to be widely applicable to novel mate-
rials and systems. 
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