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Abstract: The electrochemical reduction of carbon dioxide 

(CO2) is a promising technology in the light of the energy transition 
and industrial electrification. In this study two different electrolyzer 
configurations, flow-through and flow-by mode, were analyzed for 
the production of carbon monoxide to resolve the CO2 mass 
transfer limitation problem at high current densities in gas 
diffusion electrodes. These two configurations respectively state 
convective and diffusive flow inside the gas diffusion layer and 
their effect was studied on the cathodic performance of the 
electrolyzer for varying operating conditions: cathodic potential, 
electrocatalyst loading and Nafion content. In flow-through 
configuration a current density of 220 mA/cm² could be achieved 

at a Faradaic efficiency of 90%, whereas in flow-by configuration 
the current density was at the same Faradaic efficiency limited to 
140 mA/cm². However, flow-through configuration has a few 
limitations, such as the lower energy efficiency due to the higher 
ohmic drop and the faster deactivation caused by crystallization 
of electrolyte salts inside the gas diffusion electrode. Therefore, 
flow-by is currently the most adequate configuration for long-term 
operation of electrolyzers for the reduction of CO2 to CO. This 

study represents an essential step toward the application of 
electrolyzers for the electroreduction of CO2.  

 

Abbreviations 

FECO – CO Faradaic efficiency; 
FB – Flow-by; 
FT – Flow-through; 
GDE – Gas diffusion electrode; 
JCO – Partial current density towards CO; 

Introduction 

The rise in atmospheric greenhouse gas concentration has been 

linked to a global warming of 1.0 ± 0.2 °C since pre-industrial 
times [1]. The need for negative emissions to prevent a global 
warming superior to 1.5 °C has increased the attractiveness of 
carbon dioxide (CO2) capture and utilization technologies. In this 
regard, the electrochemical conversion of CO2 stands out for its 
ability to reduce CO2 into value-added carbon-based products 
making use of electrical energy. In particular carbon monoxide 
(CO) is an interesting product in terms of revenue per mole of 
electrons since its production takes up only two moles of electrons 
per mole of CO2 reduced [2]. Moreover, CO has broad applications 
in the chemical industry. The most significant one is its use in 
syngas in the Fischer-Tropsch process for the synthesis of multi-
carbon compounds. The estimated annual production of CO is 18 
million tonnes [3], mostly by means of steam reforming of natural 
gas and coal. 
However, regarding an industrial implementation of 
electrochemical CO2 electrolyzers towards CO there are still 

several challenges that must be solved. For electrolyzers to be 
commercially applicable, long-term stability and selectivity with 
current densities above 200 mA/cm2 are required [4]. Consequently, 
the academic community has given much attention to improve the 
electrocatalyst. Today electrocatalysts exist that are active and 
selective enough to attain this current density of 200 mA/cm² 
when converting CO2 to CO [5–7]. However, at these commercially 
relevant current densities, important aspects of the reaction 
environment are often overlooked, such as CO2 depletion [8]. As a 

result catalytic activity is limited, hindering the CO2 
electrochemical reduction reaction performance [6,8–10]. Hence, 
efficient CO2 supply towards the catalyst surface is of utmost 
importance to make electrochemical CO2 electrolyzers industrially 
feasible. 
Concerning the CO2 flow configuration, electrolyzers can be 
divided into two classifications: flow-by (FB) and flow-through (FT) 
(Figure 1). In the flow-by configuration, CO2 flows alongside the 
gas diffusion electrode (GDE) and only by diffusion enters the 
pores of the GDE. At the catalyst surface the CO2 is adsorbed and 
reduced, followed by a desorption and diffusion step. As CO2 in 
the flow-by configuration only enters the pores of the GDE through 
diffusion, a concentration gradient exists in the vicinity of the 
catalyst surface. Hence, severe effects of CO2 depletion could 
occur in the FB configuration, hindering the electrode’s 
performance. Moreover, catholyte that flows at the opposite side 
of the GDE can flood the GDE, typically due to electrowetting, 

blocking CO2 diffusion paths which increases the concentration 
gradient even more [11]. This electrolyte flux is, however, crucial to 
avoid crystallization inside the pores of the carbon paper [9]. 
Therefore, the differential pressure across the GDE is a factor to 
take into account in the optimization of the cathodic performance 
as we thoroughly analyzed in previous work [12]. In the flow-
through configuration the CO2 is forced to flow through the GDE 
pores, diminishing the concentration gradient through the 

increased supply rate of CO2 towards the catalyst surface. 
However, in the FT configuration gas bubbles emerge in the 
catholyte, increasing the ohmic drop [13]. Furthermore, in this 
configuration perspiration (i.e. small leakage of catholyte through 
the GDE towards the gas channel) can lead to electrolyte salt 
precipitation inside the GDE, blocking the GDE over time [9]. 
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Figure 1. Flow configurations diagram: (A) Flow-by; (B) Flow-through. 

Different membrane types have been reported in literature as 
suitable membrane for the electrochemical reduction of CO2, such 
as cation exchange membranes (CEM), generally Nafion, [5,14–17]

,  
anion exchange membranes [17–19], bipolar membranes [20,21] and 
diaphragms [6]. Nafion, is a thoroughly studied stable membrane 

with high ionic conductivity. In this application it has the purpose 
of upholding a neutral charge balance while preventing product 
cross-over from the catholyte to the anolyte. On the contrary anion 
exchange membranes do not prevent crossover of bicarbonate 
and formate ions to the anolyte[22]. Bipolar membranes are, in its 
turn, unstable due to the formation of CO2 in between the acidic 
and alkaline side causing delamination [21]. However, Nafion is not 
only permeable to protons but also to cations like potassium that 
can migrate from the anolyte to the catholyte. Consequently, in 

the absence of catholyte (e.g. zero gap configuration) 
crystallization of potassium salts quickly occurs, deactivating the 
catalyst. Moreover, as the Nafion surface is acidic, the hydrogen 
evolution reaction is promoted. Consequently, catholyte between 
the GDE and membrane is needed to prevent a too acidic 
environment at the catalyst surface [23]. On the other hand, if the 
catholyte is alkaline, the electrochemical reduction of CO2 is 
compromised by the absorption of CO2 to bicarbonate and 

carbonate, although alkaline media has been reported by Dinh et 

al to be beneficial for the cathodic overpotential of the cell [5]. Even 
at a neutral pH it is not entirely possible to overcome this problem 

due to basification of the local cathodic pH (≈12 at high current 
densities). This basification is due to the hydroxide formation as 
byproduct of the CO production (Eq. 1). Therefore, a 
neutralization reaction will occur in the presence of hydroxide ions 

and CO2. (Eq. 2). Consequently, it is of utmost importance to 
replenish the catholyte to keep this basification effect to a 
minimum. 

CO2 + H2O + 2e– → CO + 2OH− (1) 
2OH− + 2CO2 → 2HCO3

-  (2) 
 
While abundant research has focused on the catalyst and support 
development [24–28], a thorough analysis between the two different 

CO2 electrolyzer configurations (flow-by and flow-through) is still 
lacking [3]. Is the increased CO2 supply in flow-through worth the 
higher ohmic resistance caused by CO2 bubbles in the 
electrolyte? Or is it advantageous to operate the cell in flow-by in 
order to optimize the electrolyzer energy efficiency? Moreover, for 
each reactor configuration it is expectable that the optimal gas 
diffusion electrode characteristics are different. A systematic 
approach for the study of FB and FT is necessary to avoid 
research operation under unreasonable conditions, both in 

electrochemical and economic viability terms.  Here for the first 
time this analysis is being made using the same reactor and 
operating conditions, allowing an in-depth comparison of both 
configurations. 

Materials and methods 

An ElectroCell Micro Flow Cell® was adapted to guarantee 
membrane and GDE structural support and to allow the insertion 
of a leak free Ag/AgCl reference electrode (Innovative 
Instruments, Inc.) in the catholyte 1 mm away from the cathode 
(Figure 2). To this end, Viton gaskets and PMMA spacers were 
fabricated in-house using a CNC mill (Euromod MP45, Imes). 
Insertion of the reference electrode allowed the control of the 
cathodic potential independently of the anode. The electrolyzer 

was operated in a vertical position at room temperature and 
atmospheric pressure. 
As cathode a 10.2 cm² Sigracet® 39 BC carbon paper was used 
as gas diffusion electrode. These carbon papers were coated with 
silver electrocatalytic nanoparticles by airbrushing. To this end, 
inks were prepared with silver powder (< 100 nm, 99.5%, Sigma-
Aldrich), 5% Nafion perfluorinated resin solution (Sigma-Aldrich), 
isopropanol (VWR) and ultrapure water (Milli-Q gradient, 

Millipore). After mixing and sonicating, the inks were airbrushed 
(Airbrush Gun AB-200) onto the carbon paper using argon as 
carrier gas. During this airbrushing, the substrate was placed on 
a hotplate at 100 °C to guarantee sufficiently fast solvent 
evaporation and catalyst layer uniformity. The carbon paper was 
weighed before and after spraying to accurately determine the 
electrocatalyst loadings. As electrocatalyst sub 100 nm silver 
nanoparticles were used as it was reported that the onset 
potential for the production of CO was minimized at these particle 
sizes [29]. Nafion 117 (Fuel Cell Store) was used as cation 
exchange membrane. A pre-treatment of the membrane was 
performed, which consisted of boiling the membrane first in H2O2 
3%, subsequently in distilled water, then in 1M H2SO4 and finally 
in distilled water again, for 1 hour each time. Its purpose was on 
one hand to clean the membrane of organic contaminants and on 
the other to increase its water content, increasing also its ionic 
conductivity [30]. Experiments were always preceded with half an 

hour of operation at open circuit potential in order to avoid effects 
of the shrinking of the membrane when changed to the potassium 
ionic form. 
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Figure 2. Scheme of the reactor: 1) Cathode: Titanium frame, Gas diffusion 

electrode, Gasket for GDE preservation; 2) Ag/AgCl leak-free reference 

electrode; 3) Catholyte spacer built for better Nafion support and compatibility 

with RE; 4) Nafion CEM; 5) Platinized titanium anode. 

CO2 was purchased from Nippon, and its flow rate was controlled 
with a Brooks Instrument GF-40 mass flow controller to 77 mL/min 
(7.55 mL CO2/min·cm2). Before entering the reactor, CO2 was 
humidified by sparging it in water. The anolyte consisted of 0.5L 
2M KOH (VWR, assay 85%) and the catholyte of 0.5L 2M KHCO3 

(Acros Organics, >99.5%). Both the anolyte and catholyte were 
recirculated with a flow rate of 10 mL/min and 15 mL/min 
respectively. The anolyte was pumped with an Ismatec Reglo ICC 
peristaltic pump and the catholyte was pumped with an HPLC 
pump (Watrex DeltaChrom P102). A Swagelok ball valve was 
inserted at the reactor’s gas outlet for alternation between flow 
configurations (FB and FT). The potential was controlled with a 
multichannel Autolab potentiostat M204 equipped with an FRA 
module and a 10A booster. In flow-through, the gas bubbles 

between the GDE and the reference electrode were responsible 
for an additional ohmic drop. Consequently, for reactor 
configuration comparison, active IR compensation was 

implemented. Electrochemical impedance spectroscopy (EIS) 
measurements were performed before every experiment in order 
to accurately measure the extra resistance. Bode plots were 
analyzed and the ohmic resistance was measured at a frequency 

of 10 kHz. The additional resistance between the cathode and the 
reference electrode caused by gaseous flow in the catholyte 
chamber in the flow-through configuration accounted on average 
to 0.1 ohm. 
The gas samples were analyzed with an in-line Shimadzu 2014 
series gas chromatographer equipped with a TCD detector and a 
micropacked column (Restek Shincarbon ST, 2 m length, 1 mm 
internal diameter, 100/120 mesh). The initial oven temperature 

was set at 40 °C. After maintaining it for 3 minutes it was ramped 
up to 250°C at 40 °C/min, at which point it was sustained for 3 
minutes. The TCD detector was kept at 280 °C and helium was 
used as carrier gas at a flow rate of 10 mL/min. The gas stream 
was separated from the liquid phase in an in-house built gas/liquid 
separator and subsequently filtered with an in-house built glass 
fiber filter, to trap any residual liquid droplets. The values reported 
below for the Faradaic efficiency and partial current density for 
CO were averaged for 3 measurements. Likewise, the error 

analysis data presented is based on the standard deviation of 
these 3 measurements. 

Results and Discussion 

Potential screening 

To assess the influence of the applied potential on the catalyst 
selectivity and activity, a series of experiments of 2.5 hours at 
different cathodic potentials were performed for both flow 
configurations. A fresh GDE with a 0.75 mg/cm2 silver loading and 
9% Nafion content was used for every experiment to exclude any 
stability influences. Only CO and H2 were formed at a significant 

rate. By HPLC analysis formic acid was detected, but only 
accounted to less than 1% Faradaic efficiency.  
In Figure 3 it can be observed that the flow-by configuration 
showed to be more selective towards CO at potentials more 
positive than -1.8V vs. Ag/AgCl. At -1.6 and -1.8 V vs Ag/AgCl the 
FECO was respectively 22% and 14% larger in the flow-by 
configuration than in the flow-through configuration. At more 
negative cathodic potentials than -1.8 V vs Ag/AgCl a difference 
in FECO trend stopped being clear. However, at these cathodic 

potentials the flow- through configuration achieved far greater 
current densities for CO (61% higher at -2.4 V vs Ag/AgCl and 
77% at -2.8 V vs Ag/AgCl). This difference is most-likely due to a 
more efficient mass transfer where on the other hand it limits the 
partial current density to around 120 mA/cm2 in FB configuration. 
At -2.2 V the current density reached a plateau in FB configuration 
as transport resistance became the limiting factor, impeding a 
further increase of the current density. At this plateau at -2.2 V vs. 
Ag/AgCl the yield towards CO was 0.91 mL/cm²·min-1 for the FB 
configuration. The flow-through configuration allowed to 
overcome the 200 mA/cm2 threshold, by providing an excess CO2 

environment and achieved a yield towards CO of 1.45 
mL/cm2·min. 
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Figure 3. Influence of the cathodic potential on the (A) selectivity and (B) partial 

current density for CO with GDEs loaded with 0.75 mg Ag/cm2 and 9% Nafion 

content.  

While FB and FT had a comparable performance at low 
overpotentials, the FT was clearly more advantageous for the 
mass transfer limited region. In a CO2 deficit environment, the 
proton competition for the active sites became relevant, hindering 
the performance of the CO2 reduction and favoring the hydrogen 
evolution reaction [8]. Accordingly, the current density for CO 
reached a plateau at the rate of the diffusive supply of CO2 to the 
active sites governed by the concentration gradient developed 
through the gas diffusion layer.  

Catalyst loading influence 

From the previous results (Figure 3) it was clear that at -2.0 V vs 
Ag/AgCl neither of the configurations was operating in the mass 
transfer limited region. Furthermore, both configurations achieved 
already at this potential high Faradaic efficiencies towards CO 
(92% in FB; 86% in FT). This implies that CO2 at the catalyst was 
not depleted and that higher CO production rates can be obtained 

with higher catalyst loadings. To this end, the catalyst loading was 
varied for the FT and FB configuration and the FECO and the 
current density determined at a cathodic potential of -2.0 V vs 
Ag/AgCl. From Figure 4 B it was clear that the FT configuration 
succeeded in increasing the current density at the same FECO. 
Consequently, the CO production rate could be increased, merely 
by increasing the catalyst loading, indicating that the factor which 
was limiting was the availability of reaction sites. However, the 
increase in activity was not proportional to the increase in catalyst 
mass, since the mass based partial current density for CO 
decreases up until a catalyst loading of 1.25 mg/cm² (Figure 4 C). 

The FB configuration due to mass transfer limitation did not show 
a higher production rate with higher catalyst loading. The 
unavailability of CO2 showed once more to be the main weakness 
in the flow-by configuration, being the turnover frequency limited  

by the rate of CO2 and CO/ H2 diffusion.  
At a high catalyst loading of 2.0 mg/cm² the current density and                
selectivity in FB did increase. Actually, an analysis of the 
electrode’s activity in relation to the mass of catalyst sprayed 
shows the advantage of working at high catalyst loadings since at 
high catalyst loading the mass based current density stabilized 
and the geometric partial current density was maximal. Examining 
the partial current densities per milligram of catalyst at high 

loadings in FB and FT, no reduction can be seen between 1.25 
mg/cm² and 2 mg/cm², being discernible even a slight increase in 
performance in FT. Hence, even in flow-by, due to the increased 
active area a more efficient CO2 conversion was achieved.  
Operation without silver nanoparticles, as expected, showed 
virtually no selectivity towards CO (< 0.3%). 

 
Figure 4. Influence of the silver nanoparticles loading on the (A) selectivity, (B) 

geometric partial current density and (C) mass based partial current density for 
CO at Ecat = -2 V vs Ag/AgCl and 9% Nafion content GDEs. 
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Nafion ionomer loading 

 
The incorporation of Nafion ionomer in the catalyst ink is known 
for having an effect on its stability due to the creation of an 
additional repulsive interaction between the particles in the form 
of steric interaction [31]. Furthermore, an optimal loading of Nafion 
leads to the formation of a continuous frame network that allows 
ionic conductivity while maintaining electrical conductivity [32,33]. 
The ionomeric binder content also influences the availability of 
active sites due to on one hand extending the active surface area 
and on the other blocking catalyst nanoparticles. Additionally, the 
hydrophilicity of Nafion ionomer changes the wettabililty of the 
GDE controlling the amount of perspiration and the diffusion of 
the CO2 

[34]. To this end, the Nafion ionomer loading was varied 
from 3% (w/w) to 40% (w/w). At 3% (w/w) of Nafion ionomer 
loading, the bonding strength of the nanoparticles to the carbon 
paper was not strong enough. Detachment of catalyst 
nanoparticles from the GDE surface was clearly visible due to the 
coloration of the electrolyte. 
This effect was more pronounced in the FT configuration as can 
also be seen by its selectivity drop (Figure 5). In the FT 
configuration the shear forces were much larger as CO2 was 
forced through the GDE. Between 9% and 20% (w/w) Nafion 
ionomer loading no difference in selectivity and current density 
was observed for the same flow configuration. 
 

Figure 5. Influence of the Nafion/catalyst percentage (w/w) of the GDE on the 

(A) selectivity and (B) partial current density at Ecat = -2 V vs Ag/AgCl and a 

loading of 0.75 mg Ag/cm2.  

However, comparing the FT and FB configuration, FT showed a 
40 mA/cm² larger current density than the FB configuration for 9% 
and 20 % (w/w) Nafion loading. This enhancement is attributed to 
the same cause stated for the experiments with different cathodic 
potentials and catalyst loadings – a boosted CO2 supply. By 

increasing the Nafion ionomer loading up to 40% (w/w), the FECO 
drastically decreased in both configurations (28% for FB and 47% 
for FT). This selectivity may be related to the lower local pH 
caused by Nafion acidic properties which shifts the selectivity to 
the HER. However, the scarcity of protons in a 2 M KHCO3 
electrolyte point to the conclusion that the greater role here is 
played by the blockage of active sites by the ionomer. The results 
obtained were in agreement with recent studies which optimized 
the binder content to 11.1% [35] and 20% [36]. In this loading 
window, a balance between ionic conductivity, pH, hydrophilicity, 
electrical conductivity and active sites availability is achieved 
leading to optimal performance.  

Stability 

To assess the stability of the electrodes, long-term experiments 
of 10 hours were conducted to study the stability of the catalyst in 
both flow configurations at a cathodic potential of -2.0 V vs 
Ag/AgCl, a loading of 0.75 mg Ag/cm² and 20% Nafion content. 
The results presented in Figure 6 show a fast deactivation after 
one hour of operation in flow-through as a result of the 
crystallization of electrolyte salts inside the gas diffusion layer 
pores blocking the diffusion of CO2 to the active sites. To assess 
if this deactivation was partially caused by catalyst detachment an 
ICP-MS analysis of the electrolyte sampled after 10 hours of 
operation was performed. The analysis revealed absence of silver 
in the electrolyte (detection limit of 0.5 ppm). The nanopartic les 
stability was supported by an analysis of the scanning electron  
 
microscopy (SEM) pictures presented in Figure 7 A – C. The 
images B and C show a uniform catalyst layer in the end of long-
term operation both in FB and FT. Moreover, there is no evident 
difference in catalyst cover between these and image A that 
displays a fresh GDE. In Figure 7 D it is clearly visible the 
crystallization associated with the GDE deactivation. After this 
deactivation, the performance of flow-through remained stable for 
3 hours operating at a partial current density towards CO of  

Figure 6. 10 hours experiments with 0.75 mg/cm2 loading and 20% Nafion 

content in FB and FT at Ecat = -2 V vs Ag/AgCl: (A) Faradaic efficiency and (B) 
partial current density. 
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around 40 mA/cm², followed by a gradual slow decrease until the 
end of the experiment. In flow-by configuration, the cathodic 

activity was inferior during the first hour, but its stability was 
superior to flow-through although performing also gradual and 
slowly worse towards the end of the experiment. This deactivation 
is also a consequence of the perspiration rate that gradually 
hinders the CO2 diffusion. It is important to point out the similarity 
in the failure mechanisms that lead to a selectivity drop which is 
in both configurations the blockage of active sites by either 
electrolyte that floods the carbon paper or its crystallization inside 

the pores of the carbon paper. The deactivation profile is expected 
to be the same for operation at different cathodic potential, since 
this is independent of the failure mechanism, whereas the 
decrease in activity and selectivity is expected to proceed for 
longer times as crystallization effects will become more severe 
over time. 

Energy efficiency 

Finally, the biggest limitation of flow-through configuration is the 
lower energy efficiency caused by the gas bubbles forced through 
the gas diffusion electrode into the catholyte. This additional 
resistance results in an increase of 1.0 V in cell potential and an 
energy efficiency (Equation 3) drop of around 6.5 % in comparison 
with flow-by. 
 

𝜀𝑒𝑛𝑒𝑟𝑔𝑦 =
(𝐸𝐶𝑂

0 + 𝐸𝑂2
0 ) ∙ 𝐹𝐸𝐶𝑂

𝐸𝐶𝑒𝑙𝑙
    (3) 

 
As mentioned in Materials and methods, a difference of 0.10 ohm 
was measured between FB and FT when comparing the ohmic 
resistance between the cathode and the reference electrode. 
However, when taking the total resistance between cathode and 
anode into account, there is a difference of 0.18 ohm between 

both configurations (Table 1). This is due to the CO2 and products 
bubbles between the reference electrode and the Nafion 
membrane. 

Table 1. Energy efficiency data during operation at Ecat = -2 V vs Ag/AgCl, 0.75 

mg Ag/cm², 9% Nafion. 

 

Being the electricity supply the main operating cost of the 
technology [37], it is imperative that the energy efficiency is 
optimized. Further research should be undertaken to overcome 

the stability issues of flow-through reactor configuration and 
minimize its ohmic drop. The use of lower molarity electrolytes 
may slow down crystallization inside the GDE. Likewise, 
optimization of the CO2 flow may also play an important role in 
stability, avoiding adverse preferential flows and electrolyte 
crystallization. 
 

 

 
 
 

Figure 7. SEM picture of (A) fresh GDE, (B) GDE after 10 hours of operation in 

flow-by configuration, (C) GDE after 10 hours of operation in flow-through 

configuration; (D) optical microscopy picture of crystallization on the back of the 

GDE after flow-through operation. 

 

 Flow-by Flow-through 

Energy efficiency (%) 32.5  26 

Faradaic efficiency (%) 86.3 87.4 
Cell potential (V) 3.9 4.9 

Cell resistance (Ω) 1.07 1.25 
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Conclusions 

The implementation of convective flow inside the gas diffusion 

layer was for the first time scrutinized in comparison with a 
diffusive flow-by configuration. Remarkably, both flow 
configurations achieved high Faradaic efficiencies towards CO 
(>90%) at moderate overpotentials. FT seemed to stand out 
especially when operating with higher loadings and at higher 
overpotentials due to the enhanced CO2 supply to the catalyst 
surface. However, the lower energy efficiency caused by a higher 
ohmic drop compromises its viability. Furthermore, electrolyte 
crystallization in the GDE pores severely limits the catalyst 
selectivity for long-term operation. Hence, FB outperforms FT and 
remains the most efficient configuration for long-term operation of 
electrolyzers for the reduction of CO2 to CO. The insights gained 
from this work add to the growing number of reports of high 
current density towards CO, reporting the optimal working 
conditions for both reactor configurations. The pivotal role of 
operating on a CO2 excess environment was established and the 
findings of the research strengthen the idea that the development 

of more stable gas diffusion electrodes and CO2 supply 
optimization is a promising field to achieve higher current 
densities and develop commercially viable CO2 electrolyzers for 
the production of CO.  
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Two different CO2 electrolyzer 

configurations, flow-through and flow-by 

mode, were analyzed for the production 

of carbon monoxide to resolve the CO2 

mass transfer limitation problem at high 

current densities in gas diffusion 

electrodes. In flow-through configuration 

a current density of 220 mA/cm² could 

be achieved at a Faradaic efficiency of 

90%, whereas in flow-by configuration 

the current density was at the same 

Faradaic efficiency limited to 140 

mA/cm². 
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