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ABSTRACT: We demonstrate a hybrid electrolyzer design for
CO2 electrolysis to multicarbon products using a cation
exchange membrane and different electrode separations.
Reducing the thickness of the catholyte flow field from 5 to
2.4 mm significantly decreases the cell voltage while maintaining
longer-term stability.

In recent years different electrolyzer architectures have
been employed for CO2 electrolysis.1−3 Membrane
electrode assembly (MEA) electrolyzers with an anion

exchange membrane (AEM) are widely used to suppress the
competing hydrogen evolution reaction (HER). However,
AEMs allow the crossover of (bi)carbonate and anionic
products.4,5 This crossover is detrimental to CO2 electrolyzers
as it complicates downstream separation processes and lowers
the CO2 utilization due to (bi)carbonate transport to the
anolyte with subsequent CO2 release at the anode.6,7 In
addition to poor anion selectivity, AEMs can allow cations
(such as K+) to migrate to the cathode, particularly at high
current densities. These cations form salts with (bi)carbonate
ions, which negatively affect the long-term durability of the gas
diffusion electrodes (GDEs).8,9 Furthermore, collecting liquid
product in MEA electrolyzers is challenging due to the absence
of a catholyte and the potential crossover of generated
products through the AEM. Remarkably, over 80% of the
liquid products generated at the cathode of a MEA electrolyzer
have been reported to cross the AEM to the anode.10

Additionally, the literature lacks a discussion on the potential
impact of vapor phase liquid product diffusion back through
the GDE on the stability of the catalyst layer and the
hydrophobicity of the gas diffusion layer (GDL).
To address the challenges associated with the crossover and

collection of the liquid product in MEA electrolyzers, cation
exchange membranes (CEM) and bipolar membranes (BPM)
have been proposed as effective solutions to prevent crossover
issues. However, with these membranes in a MEA config-
uration, the local chemical environment becomes acidic, which

facilitates the kinetics of HER over electrochemical CO2
reduction (CO2R).

5,7 Several strategies have been developed
to better control the local environment for selective CO2R.
One approach involves coating the cathode GDE with a thin
anion exchange polymer (<10 μm thick) to create a CO2
regeneration layer. Using this coating process, a single-pass
CO2 conversion of 85% at 100 mA/cm2, along with a faradaic
efficiency (FE) for multicarbon products of 55% at 125 mA/
cm2 was achieved.7 Another strategy involves designing a
three-compartment hybrid cell. A porous solid ion conductor
was placed in the middle compartment between the AEM and
CEM membranes to facilitate efficient ion transfer. This
configuration achieved the generation of 2 M formic acid at a
current density of 200 mA/cm2 with a FE of 80.1%, using 100
mL/min of humidified N2 gas passing through the middle
compartment.11 However, scaling up the MEA hybrid cell
remains challenging due to presence of the solid electrolyte
between the AEM and CEM. Therefore, most MEA hybrid
systems are limited to an active surface area smaller than 10
cm2.2 An alternative hybrid configuration features a liquid
catholyte layer between the cathode and the membrane while
maintaining a zero-gap arrangement between the anode and
the membrane.12 This was demonstrated earlier in a hybrid cell
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with a 300 cm2 active area, a silver GDE, and a 2.5 mm
electrode separation. Operating at 200 mA/cm2 and 60 °C,
this cell produced carbon monoxide (CO) with an average FE
exceeding 90% over 650 h and yielding a cell voltage of 4 V.13

This performance highlights the applicability of this cell
configuration. In contrast, a previous study on CO2R to
multicarbon products using copper (Cu) GDEs and a hybrid
electrolyzer with a 6 mm electrode separation resulted in a cell
voltage of ∼5.5 V and a poor electrolyzer stability.10 Therefore,
there is a need to further explore this system at various
catholyte flow field (CFF) thicknesses to take advantage of

both the potential for a favorable local environment and
minimization of electrode separation. In this Energy Express,
we compare the operation of hybrid electrolyzers converting
CO2 to multicarbon products with different electrode
separations to provide a systematic study on the impact of
CFF thickness on CO2R efficiency and product selectivity
toward desired multicarbon products.
First, we designed three CFFs with different thicknesses: 2.4,

3, and 5 mm (Figure S4). An exploded view illustrating the
individual components is depicted in Figure 1b. The use of a
catholyte layer allows for the employment of a CEM and

Figure 1. Overview of the hybrid CO2 electrolyzer design. (a) A photograph showing a top view of the assembled hybrid electrolyzer cell
with a 2.4 mm thick catholyte flow field between the cathode gas diffusion electrode and the membrane, sealed by two 0.3 mm gaskets,
resulting in a 3 mm electrode separation. (b) A detailed illustration showcasing the components of a hybrid electrolyzer cell: (1) cathode
current collector, (2) gasket, (3) cathode copper gas diffusion electrode, (4) catholyte flow field, (5) cation exchange membrane, (6) anode
electrode IrO2/Ti, (7) gasket, and (8) anode current collector. (c) A schematic illustration of species transport and reactions within a hybrid
electrolyzer with a cation exchange membrane.

Figure 2. Electrochemical CO2 reduction performance of Cu GDEs in a hybrid electrolyzer cell with a cation exchange membrane. The
Faradaic efficiency of the generated products is plotted as a function of time at current densities of 50, 100, and 150 mA/cm2 for different
catholyte flow field thicknesses (a) 5, (b) 3, and (c) 2.4 mm at a CO2 flow rate of 20 mL/min. A 1 M KHCO3 solution was used as the
catholyte and anolyte. Figure S14 in the Supporting Information displays the cell voltage date at all current densities when using different
catholyte flow field thicknesses.
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mitigates the impact of the proton flux on the pH profile
between the cathode GDE and the membrane.14 Protons are
captured by (bi)carbonate and consumed in the CO2
regeneration (Figure 1c). To probe the influence of the CFF
thickness and assess the efficiency of the electrolyzer, a
protocol of three consecutive 30 min chronopotentiometry
measurements at current densities of 50, 100, and 150 mA/cm2

was applied at four different CO2 flow rates. We refer the
interested reader to Section S2 in the Supporting Information
for additional details on the electrolyzer setup used for testing.
The flow rate of CO2 has a greater effect on the FEs of
hydrogen (H2) and CO compared to formate and C2+
products (Figures S8−S10). At a current density of 150
mA/cm2, the reaction favored a higher FE toward CO at lower
CO2 flow rates, reaching a peak at 20 mL/min of CO2, while
H2 FE showed the opposite trend across different CFF
thicknesses. A similar result was observed at current densities
of 50 and 100 mA/cm2. A flow rate of 20 mL/min provided
the highest selectivity toward CO and ethylene (C2H4).
Therefore, we discuss the influence of the CFF thickness on
the performance of the hybrid electrolyzer at this CO2 flow
rate.
We compared the electrolyzer performance, focusing on cell

voltage and product distribution, for different electrode
separations. The thickness of the flow field primarily affected
the cell voltage. In particular, reducing the thickness from 5 to
2.4 mm at a current density of 150 mA/cm2 results in a
significant cell voltage drop, from 5 to 3.9 V (Figure 2). As
shown in Figure S14, the impact of reducing electrode
separation becomes more pronounced at higher current
densities, where the difference in cell voltage between the
electrolyzers increased. In contrast, differences in electrode
separation had a minimal effect on the product selectivity. At a
current density of 150 mA/cm2, the H2 FEs are 15.4%, 16%,
and 14% with increasing electrode separation. These low H2
FEs highlight the role of the catholyte layer in controlling the
local chemical environment, particularly the pH (Table S2).
Reducing the CFF thickness is an effective way to lower the
electrolyte ohmic losses. Moreover, the production of ethylene
and ethanol increased with increasing current density, while
the FE for the competing HER decreased (Figure 2).
To assess the long-term stability of the electrolyzer, we first

ran a chronopotentiometry test for 120 min at 150 mA/cm2.
The hybrid electrolyzer showed a steady cell voltage as well as
continuous production across various electrode separations
(Figure S15). The experiment was extended to 25 h in a hybrid
electrolyzer with a 2.4 mm thick CFF. C2+ products and
formate FEs remained constant. In the last hour, a slight
increase in H2 FE and a corresponding decrease in CO FE was
observed (Figure S16). This 25 h is an order of magnitude
longer and operates at a cell voltage that is 1.6 V lower than
results from comparable systems in the literature.10 These
improvements in hybrid electrolyzer performance and product
stability were enabled by the combination of a well-designed
CFF, a buffering electrolyte, and a CEM along with a robust
copper carbon-based GDE.
In conclusion, we demonstrate the potential of a hybrid

electrolyzer with a liquid catholyte for CO2 electrolysis to
multicarbon products. We show that the thickness of the flow
field primarily affects the cell voltage rather than product
selectivity. In this work, a hybrid electrolyzer with a CEM and
2.4 mm thick CFF exhibits a stable cell voltage of 3.9 V at a

current density of 150 mA/cm2 without experiencing salt
precipitation or product crossover.
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