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ABSTRACT 

Electrolysis of steam and CO2 is considered to be a promising instrument for energy 

storage via sustainable H2 and hydrocarbon production. A model electrolysis cell was 

assembled using a thick BaCe0.2Zr0.7Y0.1O3-δ (BCZY27) electrolyte and two distinct 

electrodes, i.e., a (H2-cathode) porous Pt layer; and (steam-anode) a composite made of 

60 vol. % La0.8Sr0.2MnO3-δ (LSM) and 40 vol. % BCZY27. The as-sintered steam 

electrode was catalytically-activated with Pr2O7-CeO2 nanoparticles. The cell was 

characterized by means of voltamperometry and impedance spectroscopy. Different 

operation parameters were analysed: temperature; water concentration in the anode 

chamber; and H2 and CO2 concentration in the cathode chamber. Increasing H2O 

concentration (in the anode) and presence of CO2 (in cathode) positively affected the 

electrode performance giving rise to lower cell overpotential and, consequently, 

substantial improvement in Faradaic efficiency. The high electrolyte thickness and the 

non-optimized Pt cathode limited the range of current density and the achieved peak 

power densities. The Faradaic efficiency for water electrolysis reached a value of 39% at 

10.4 mA/cm2, as determined by the analysis of the H2 production. During co-electrolysis, 

the CO2 reaction was fostered by co-feeding a minimum H2 amount. CO formation took 

place through the reverse water gas shift (RWGS) reaction. When the current density was 

applied, CO2 conversion increased due mainly to the non-Faradaic electrochemical 

modification of catalytic activity (NEMCA effect) that allowed for the improvement of 

CO2 hydrogenation kinetics. 
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1. Introduction 

High temperature electrolysis (HTE) makes possible the efficient and environmentally-

friendly production of H2 and hydrocarbons by the combined use of renewable electricity 

and available sources of heat and steam from non-fossil energy sources such as solar and 

geothermal energy. Most research to date is based on Solid Oxide Electrolyzer Cells 

(SOECs) that use oxide-ion conducting electrolytes operated at ~800 °C. SOECs are a 

mature technology that produces H2 on the steam feed side, and thus requires separation 

and drying of the H2, increasing energy costs and plant complexity[1-3]. 

During the last decade, Proton Ceramic Electrolyzer Cells (PCECs) have been widely 

studied and received significant attention [4-8]. In comparison with SOECs, high 

temperature Proton Conducting Electrolyzer Cells (PCEC) transport protons from the 

steam side to the cathode, releasing O2 on the steam side and producing dry H2 at the 

cathode. Subsequently, PCECs require less separation process stages than SOECs. In 

addition, protons exhibit lower activation energies than oxide ions, and ceramic proton 

conductors are able to operate at lower temperatures (500 – 700 ºC). 

PCECs, like SOECs, may also be useful for the electrochemical reduction of CO2 to CO 

giving rise to a syngas stream by partial reduction and hydrogenation of the CO2 stream. 

In contrast to SOECs, pressurised steam and CO2 are fed on separate sides of the cell in 

the PCEC, which may be advantageous[9-12]. A strong benefit of PCEC operation is that 

dry H2 is produced in the anode while it is not necessary to pressurize the steam. The 

mechanical/thermal steam compression utilized in SOEC could be replaced by the 

electrochemical compression of protons/hydrogen pumped into the anode. However, 

most of the previous work is focused on the co-electrolysis of steam and CO2 using 

SOECs.  

Among proton conducting ceramics, doped BaCeO3 and BaZrO3 based oxides are the 

most widely studied electrolyte materials due to their high proton conductivity. Barium 

cerates (BaCeO3) exhibit higher proton conductivity than barium zirconates (BaZrO3), 

nevertheless, BaCeO3-based materials are reported to suffer chemical instability under 

CO2-containing atmospheres due to the formation of barium carbonate (BaCO3) and 
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cerium oxide (CeO2). BaZrO3-based materials are the most suitable to work in these 

conditions because of their stability in CO2 atmospheres despite having lower proton 

conductivity[13, 14] due to their significant grain boundary resistance. However, high 

sintering temperature is needed to achieve dense samples, which causes Ba evaporation 

and the subsequent loss of transport properties. To overcome the disadvantages of both 

materials, solid solutions of doped BaCeO3 and BaZrO3 have been widely 

investigated[15-17]. 

Most of the reported PCEC studies employ an electrolyte material based on these solid 

solutions. Recently, J. Dailly et al. validated electrical performance beyond 400 mW/cm2 

at 600–700 ºC for a few hundred hours of stable operation under a dynamic fuel cell 

power demand profile using BaCe0.9Y0.1O3- (BCY)-based proton conducting ceramic 

cells [18-21]. Ruiz-Trejo and Irvine successfully carried out steam and CO2 co-

electrolysis with a button PCEC cell around 500 ºC, with Pt as both the cathode and the 

anode for a few hours[9, 10]. Xie et al. obtained promising results by using 

BaCe0.5Zr0.3Y0.16Zn0.04O3- as an electrolyte[22]. 

In this work, the selected electrolyte material is based on BaZrO3 where Y and Ce are 

incorporated to produce BaCe0.2Zr0.7Y0.1O3- (BCZY27). Y is added to promote oxygen 

vacancies/proton incorporation while Ce is added to improve the proton conductivity and 

sintering [23-26]. This material, BCZY27, is a promising material to be implemented in 

electrochemically-driven catalytic membrane reactors as has been demonstrated in 

previous studies on methane dehydro-aromatization and steam methane reforming [27, 

28]. 

This work presents the study of a proton ceramic electrolyzer cell by using a BCZY27 

electrolyte and a composite formed by LSM/BCZY27 60/40 vol. % infiltrated with Pr2O7-

CeO2 as an anode while a porous Pt layer is used as the cathode. The cell was 

characterized by means of voltamperometry (i-V curves) and Electrochemical Impedance 

Spectroscopy measurements (EIS) in both fuel cell and electrolysis modes. Furthermore, 

different operation parameters were analyzed: temperature, H2O concentration in the 

anode chamber, H2 and CO2 concentration in the cathode chamber. Electrolysis and co-

electrolysis experiments were performed at 700 ºC and the Faradaic efficiency was 
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determined. Moreover, this study aims to provide further understanding about the co-

electrolysis principles for further operation in larger PCECs setups. 

2. Experimental 

Electrolysis measurements were performed using a dense BaCe0.2Zr0.7Y0.1O3- (BCZY27) 

electrolyte with a thickness of 500 m. The electrolyte was obtained by mixing the 

BCZY27 powder (provided by CerPoTech) with 1 wt. % ZnO (Sigma Aldrich) that acts 

as sintering aid [29, 30] and ball-milled for 16 h in acetone. Subsequently, the electrolyte 

was uniaxially pressed at 120 MPa and calcined in air at 1550 °C for 12 h with a constant 

heating rate of 2 ºC·min−1. The electrolyte was sintered using a BCZY27 powder bed 

previously sintered at 1550 °C and polished before applying the electrodes. The diameter 

of the electrolyte after sintering was 15 mm. 

A Pt  porous layer with a thickness of 10 m and a particle size of  1 µm (see Supporting 

Figure S1) was used as the cathode and was deposited by screen-printing an ink 

(MaTecK) with a Pt particle size range of 0.2 – 1.8 µm. A composite formed by 60 vol. 

% La0.8Sr0.2MnO3- (LSM, Marion Technologies) and 40 vol.  % BCZY27 was used as 

the anode, both the Pt and the composite were sintered at 1100 ºC for 2 h. An LSM/BCZY 

backbone composite was selected due to its good adherence onto the electrolyte and its 

stability under oxidizing conditions[6]. Powders were ball-milled for 16 h in acetone to 

homogenize the grain size. Then, inks were prepared by using terpineol and ethylcellulose 

in a three-roll mill. Porous electrodes were obtained by screen-printing the inks over the 

surfaces of the BCZY electrolyte. The diameter of the round electrodes was 7 mm.  

LSM/BCZY27 60/40 vol. % backbone electrode was infiltrated with a 2 M solution 

(ethanol-water) prepared with Pr and Ce precursors to improve the catalytic activity of 

the anode. The solution was dropped onto the whole electrode surface and was covered 

with a Pr2O7-CeO2 infiltrated oxide catalyst after being calcined at 850 ºC for 2 hours. 

Previous works reported an electrode kinetics enhancement of more than one order of 

magnitude after being infiltrated [31]. 

Electrochemical measurements, electrolysis and co-electrolysis experiments were 

performed in a double-chamber quartz reactor. The cell was sealed to the reactor by using 

an Ag-based gasket that allowed the sealing to be done at a moderate temperature. The 
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set-up allows for working with different gases in dual atmosphere and in a broad range of 

temperatures.  

The cell was electrochemically characterized by means of i-V curves, Open Circuit 

Voltage (OCV) and electrochemical impedance measurements (EIS). The 

electrochemical  measurements were carried out using a Solartron Analytical 1470E 

CellTest System and ZView software was used for EIS fitting. Cell performance was 

evaluated in fuel cell and electrolysis mode, studying different parameters: (1) 

temperature, (2) H2O concentration in the anode chamber, (3) H2 concentration and (4) 

CO2 concentration on the cathode side. 

In the electrolysis experiments, Ar (100 mL/min) was fed on the cathode chamber 

whereas the anode side was exposed to 100 mL/min of synthetic air. Synthetic air was 

saturated in water at different temperatures, obtaining steam concentrations of 3% (25 °C) 

and 7.5% (50 °C). A constant current was passed through the cell for 40 minutes, ranging 

from 1 to 5 mA (2.60 to 13 mA/cm2). For co-electrolysis experiments, the cathode 

chamber was fed with 9 % CO2 in Ar whereas in the anode chamber humidified air was 

fed (7.5% H2O).  

The H2 production and concentration of the formed products in the cathode were analyzed 

by using a Micro-GC CP-4900 gas chromatograph equipped with Molsieve5A and 

PoraPlot-Q glass capillary modules to determine the Faradaic efficiency of the reactions. 

Flow rates expressed as mL·min-1 were calculated at standard conditions. 

The Faradaic efficiency (ηF, eq. 1) was calculated from the theoretical H2 production (F 

(H2)th, eq. 2) determined by the Faraday’s equation and the obtained H2 flow quantified 

by gas chromatography F(H2)exp.  

ηF=
𝐹(𝐻2)𝑒𝑥𝑝

𝐹(𝐻2)𝑡ℎ
  (1) 

where 𝐹(𝐻2)𝑡ℎ =
𝐼

𝑛𝐹
 (2) 

n is the number of the transferred electrons and F the Faraday constant. 

3. Results and discussion 

3.1.  Electrochemical performance 
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The electrochemical performance of the cell was evaluated under different conditions: (1) 

temperature: 700, 650 and 600 ºC, from the highest to the lowest temperature; (2) steam 

concentration in the anode chamber: 3 and 7.5% H2O; (3) CO2 presence in the cathode 

chamber; and (4) H2 concentration in the cathode chamber: 10, 20 and 30%. In all 

measurements, a gas flow rate of 100 mL/min (pure Ar or a mixture of H2, CO2 and Ar) 

was fed to the cathode side and 100 mL/min of synthetic air saturated in H2O (3 or 7.5%) 

was delivered to the anode side. 

i-V curves and the corresponding power densities in fuel cell mode at 700 ºC using 10% 

H2 in the cathode and synthetic air with two different H2O concentrations in the anode 

are shown in Figure 1a. The OCV is relatively low when 3% H2O is fed to the anode. The 

low OCV values could be ascribed to (i) gas leakage between both sides of the cell due 

to sealing issues or (ii) electronic leakage due to significant electronic conductivity in 

BCZY27 under these conditions as was previously observed for 

BaCe0.5Zr0.3Y0.16Zn0.04O3-. Gas leaks were checked by feeding He as a gas tracer in 

the anode chamber and analyzing the He in the cathode chamber. The gas leakage was 

found to be very small as Helium was not detected in the cathode chamber. Therefore, 

gas leakage was not responsible for the low OCV value. On the other hand, OCV 

increased up to 0.9 V when H2O concentration was increased to 7.5%. This effect is 

ascribed to the drop in the electronic conductivity at higher steam concentrations 

mediated by the higher hydration degree of the electrolyte. BCZY27 at 700 ºC behaves 

as a pure ionic conductor under reducing conditions whereas under oxidizing atmospheres 

p-type electronic conduction becomes very significant [8, 23, 32]. 

i-V curves are almost linear suggesting that the ohmic regime is dominant under these 

conditions. No charge transfer activation or gas concentration polarization effects are 

visible. The peak power densities are about 1.2 and 4.3 mW·cm−2 with 3% and 7.5 % 

H2O, respectively. These low values may be related to the high thickness (500 m) of the 

electrolyte and the non-optimized Pt cathode, with limited triple-phase boundary points 

for H2 evolution reaction. 

The performance of the fuel cell was further evaluated by feeding CO2 to the cathode. 

Figure 1b shows the effect produced by the CO2 addition on the i-V curves and the power 

densities at 700 ºC. The addition of CO2 to the cathode has no effect on the OCV but it 

enables the improvement of the peak power density, reaching values up to 5.9 mW·cm−2. 

This positive effect could be ascribed to (1) higher water concentration in the cathode – 
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formed via RWGS1-, which may positively affect the electrolyte conduction and electrode 

kinetics; and (2) direct CO2 effect in the kinetics of H2 evolution mechanism. The 

expected OCV values in electrolysis and co-electrolysis mode at different steam 

concentrations are given in Supporting Figure S3. 

 

Figure 1.  (a) Fuel cell polarization curves at 700 °C by feeding: (a) 10% H2 in Ar in the cathode side and 

synthetic air with 3% and 7.5 % steam in the anode. (b) 10% H2 in Ar with (9%) and without CO2 in the 

cathode side and wet synthetic air (7.5 % H2O) in the anode. 

Impedance spectra under fuel cell mode near the OCV were recorded under different 

conditions to study the nature of the electrochemical steps contributing to cell resistance. 

Figure 2 shows the EIS spectra, the polarization resistance (Rp) and the electrolyte 

conductivity extracted from the corresponding impedance spectra under different 

atmospheres and temperatures. EIS measurements were fitted by using the equivalent 

circuit LR1(R2Q2)(R3Q3) where R1 (real resistance) corresponds to the bulk transport 

whereas R2Q2 and R3Q3 are assigned to the electrode processes due to their associated 

capacitance and frequency range. The EIS spectra not only highlights the strong influence 

of the electrodes on the cell performance, but also the important resistance of the 

electrolyte. In fact, the electrode resistance is almost the same as the electrolyte resistance. 

It should be pointed out that the steam/air electrode was previously optimized and the 

corresponding polarization resistance at 700 ºC under 2.25 bar H2O and 0.75 bar air (75%-

H2O/air, LSM/BCZY27 | BCZY27 | LSM/BCZY27, 75%-H2O/air) was lower than 1 

Ω·cm2 at OCV. Consequently, the high polarization resistance obtained in the cell is 

mainly ascribed to the Pt H2 electrode (electrolysis cathode) that provides a high electrode 

resistance[33]. 

                                                 

1 RWGS states for Reverse Water-Gas Shift reaction: CO2 + H2  CO + H2O 
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The polarization resistance slightly decreases with both, H2 and CO2 concentration. The 

drop of the Rp with H2 concentration is attributed to the enhancement of the Pt electrode 

kinetics as has been previously reported[34]. On the other hand, the decrease of the Rp 

with the addition of CO2 to the cathode can be ascribed to the improvement of the Pt 

electro-catalytic activity which is analogous to what was observed for Fe based 

electrodes[10]. BCZY27 conductivity remains almost constant with the variation of H2 

concentration due to the prevailing protonic conductivity under the studied conditions 

whereas it improves with the presence of CO2. This increase can be associated with the 

concomitant transport of oxide ions under reducing atmospheres and the higher hydration 

degree due to the water formation via RWGS. Thus, the improvement of the cell 

performance by feeding CO2 (Figure 1b) is attributed to both the decrease of the ohmic 

resistance of the electrolyte and the decrease of the polarization resistance of the cathode.  

 

Figure 2. EIS measurements including Nyquist and Bode plots, electrodes polarization resistance (Rp)  

and total conductivity of the electrolyte at 700 ºC: (a) feeding 10% H2 in Ar with or without CO2; (b) 

feeding 9% CO2 and different concentrations of H2 in the cathode; and (c) as a function of the 

temperature by feeding 10% H2 in Ar in the cathode. Anode was fed with wet synthetic air (7.5 % H2O) 

in all the studied conditions. 

The i-V and i-P curves (Figure 3a-b) plotted as a function of the temperature revealed the 

expected thermal-activation behavior with and without CO2. In particular, Rp is mainly 

responsible for the worsening cell performance due to the increase in resistance when 
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temperature decreases. This fact is also visible in Figure 2c where the impedance spectra 

and the corresponding Rp as a function of the temperature measured in the LSM/BCZY27 

| BCZY27 | Pt cell fed with 10% H2 in Ar and air with 7.5% H2O are shown. The activation 

energy (Ea) for the cell corresponds to 0.76 eV indicating that proton conduction across 

the BCZY27 phase in the composite anode is not the rate-limiting step since the expected 

activation energy for proton migration ranges between 0.4 and 0.6 eV.  

When CO2 is added to the cathode stream (Figure 3b), the performance of the cell 

improves at all tested temperatures, i.e. the peak power density increases around 34%, 

24% and 6% at 700 ºC, 650 ºC and 600 ºC, respectively, as compared with the CO2-free 

results. The positive effect of the CO2 on the cathode side is attributed to both, the higher 

hydration degree of BCZY27 and the transport of oxide ions –in addition to protons– in 

the electrolyte as was previously explained which could enable the adjustment of the 

CO/H2 ratio in the produced dry syngas. 

 

Figure 3. Fuel cell polarization curves at different temperatures feeding wet synthetic air (7.5 % H2O) in 

the anode and (a) 10% H2 in Ar and (b) 9% CO2-10% H2 in Ar in the cathode. 

i-V curves in electrolysis mode are shown in Figure 4. The current density possesses a 
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linear behavior is observed at higher H2O concentration with a slope of 50.29 Ω·cm2. 

These results highlight the importance of the H2O concentration in the cell performance. 

The cell performance was also evaluated by feeding CO2 to the anode (co-electrolysis 

mode). For this purpose, a flow rate of 9 mL/min of CO2 and 10 mL/min of H2 (balanced 

with 81 mL/min of Ar) were added to the cathode side whereas a flow rate of 100 mL/min 

of synthetic air saturated in water (7.5% H2O) was used in the anode. Figure 4b displays 

a comparative of the i-V curves obtained with and without the addition of CO2 to gas in 

the Pt cathode. CO2 causes an improvement in electrolysis mode and for fuel cell mode 

as well. Only one regime can be distinguished for both measurements. The slope of the 

co-electrolysis is 27.7 Ω·cm2, significantly lower than that which corresponds to the 

electrolysis process. Thus, the co-electrolysis process gives rise to lower overpotentials, 

which allows for operation at higher current densities and subsequently, an improvement 

of the Faradaic efficiency is expected. In fact, a difference of 0.57 V exists when a current 

density of 25.8 mA/cm2 is used. From these results, it can be deduced that co-electrolysis 

is more kinetically favorable than electrolysis which has been reported previously for 

conventional SOECs[35] while the additional hydration effect is observed in PCECs. 

 

Figure 4. i-V curves in electrolysis mode by feeding (a) different concentrations of water in the anode 

and (b) different concentrations of CO2 in the cathode.  
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Figure 5. i-V curves in electrolyzer and fuel cell mode under different water concentration (a) and 

different CO2 concentration (b). 

3.2. Electrolysis and co-electrolysis product analysis 

After the electrochemical characterization of the cell, water electrolysis was performed at 

700 ºC. The cathode was fed with 100 mL/min of Ar and a flow of 100 mL/min of 

synthetic air saturated in H2O (with a concentration of steam of 3 and 7.5%) was 

introduced in the anode. Different current densities were applied for intervals of 40 

minutes. Between each step, no current density was applied. The produced H2 in the 

cathode was monitored and quantified continuously by using a gas spectrometer.   

Figure 6 plots the H2 flux produced by water electrolysis at 700 ºC feeding 3% (a) and 

7.5% (b) H2O in the anode. The current densities (mA/cm2) imposed in each step are 

shown in the graph. H2 is detected even at low current densities (5.2 mA/cm2) and the 

produced flow increases with the imposed current density. The H2 production has a very 

quick response when the current is applied as can be observed in Figure 6b which plots 

the H2 flux and the overpotential produced at different current densities (7.5% H2O in the 

anode). The stability of the H2 production and the fast response when the current density 

is applied are both noteworthy. 

The obtained H2 fluxes are lower than the values reported by Kobayashi et al.[33] in 

which the cell was fed with humidified air (20% H2O) to the anode and humidified 1%-

H2/Ar gas (3% H2O) to the cathode. One of the main reasons for this high performance is 

the higher conductivity of the electrolyte used by Kobayashi, BZCY442, approximately 

0.021 S/cm at 700ºC whereas the BCZY27 used in this study is less acceptor-doped and 

has a conductivity of around 0.0025 S/cm (as it is observed in Figure 2), practically one 

order of magnitude lower. Furthermore, the polarization resistance of the electrodes is 
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lower. In addition to the transport properties of the cell, the water flow rate and 

concentration is higher in the work of Kobayashi et al. and the concentration of H2O has 

a strong influence in the cell performance of the cell. 

 

Figure 6. H2 flux produced by water electrolysis at 700 °C by feeding: (a) 3% water and (b) 7.5% water 

and the overpotential. Current densities applied are indicated in the graph. 

H2 flow and Faradaic efficiency as a function of the imposed current density and water 

concentration in the anode are plotted in Figure 7. Both the produced H2 flow and the 

Faradaic efficiency increase with the applied current density. Faradaic efficiency ranges 

between 7 and 21% when 3% H2O is fed to the anode whereas it improves significantly 

at higher H2O concentrations, up to 39% at 10.4 mA/cm2.  

 

Figure 7. H2 flow production (a) and Faradaic efficiency (b) as a function of the applied current density 

and water concentration. 
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introduced in the anode. The products obtained in the co-electrolysis were quantitatively 

analysed by gas chromatography. 

Under the abovementioned conditions, no formation of CO or H2O was detected by the 

GC analysis, which is attributed to CO and H2O concentrations below the detection limit 

of the GC. Subsequently, 5 mL/min of H2 were added to the cathode stream in order to 

promote the CO2 reaction and obtain higher conversions which allows for the 

quantification of the products concentration.  
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Figure 8. Co-electrolysis results: CO and H2 flows (bars) and counts of the H2O detected in the cathode 

side; voltage of the cell during the co-electrolysis experiment.

 

Figure 8 plots the H2 and CO flows and the H2O counts after 30 minutes under stream as 

well as the cell voltage as a function of time and the current density. CO and H2O are 

detected as products when no density current is applied due to the RWGS reaction. When 

current density is applied, H2 and CO2 (not shown) concentrations drop, giving rise to 

higher concentrations of CO and H2O. When 5.2 mA/cm2 are applied, the CO2 conversion 

increases from 15.0 to 17.8 % and the CO rate enhancement ratio is 1.53 and 1.75 at 5.2 

and 10.4 mA/cm2, respectively. This improvement is higher than the expected due to the 

H2 flux electrochemically-pumped through the electrolyte, with a maximum of 0.011 

mL·min-1 at 10.4 mA·cm-2 in electrolysis conditions (see Figure 7, electrolysis 

conditions). This electrochemical promotion of catalysis is known as non-Faradaic 

electrochemical modification of catalytic activity (NEMCA effect [36]). Without current, 

the CO is formed on the Pt electrode. When the current is imposed, the catalytic activity 

of the Pt surface chemistry is changed and the reaction is further facilitated by the 

electrochemical spillover of ions from the electrolyte to the electrocatalyst surface (Pt). 
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Hence, the formation rate increases due to boosted catalytic and electrocatalytic reactions 

[37, 38]. 

These results confirm that co-electrolysis of CO2 and H2O using a BCZY based 

electrolyzer cell is a promising technique for syngas production. However, thinner 

electrolytes and anodes with higher electro-catalytic properties should be developed in 

order to achieve higher efficiencies and yields. 

 

3.3.Microstructural study of the tested electrolysis cell 

The porous cathode (Pt layer) shows a good attachment to the electrolyte surface after the 

measurements as is observed in Figure 9a. Figure 9b shows a cross-sectional SEM image 

of the interface between the dense electrolyte (BCZY27) and the anode (LSM/BCZY27). 

Figure 9c illustrates the backbone electrode filled by needle-like crystals about 200 nm in 

length of the Pr2O7 and round nanoparticles corresponding to the CeO2 showing good 

dispersion of the catalyst in the anode (see Supporting Figure S2) [31, 39, 40]. 

 

Figure 9. SEM images of the Pt | BCZY27 | LSM/BCZY27 cell after electrolysis and co-electrolysis 

testing: fracture cross-section view of (a) the porous Pt layer and dense electrolyte interface, (b) the 

porous LSM/BCZY27 backbone and dense electrolyte, (c) magnification view of the composite backbone 

infiltrated with Pr2O7-CeO2 nanoparticles and (d) XRD pattern of the Pr2O7-CeO2-infiltrated activation 

layer. 
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the anode and that there is no evidence of impurity phases. No secondary phases related 

to the formation of carbonates or hydroxides are detected. 

4. Conclusions 

A model electrolyte-supported electrolysis cell was manufactured comprising of a 500 

m-thick  BaCe0.2Zr0.7Y0.1O3-  electrolyte, a porous Pt anode and a composite cathode 

made of La0.8Sr0.2MnO3- and BCZY27 (60/40 vol/vol) that was catalytically activated 

with Pr2O7-CeO2 nanoparticles. The cell was tested in different gas environments, i.e. 

varying the water concentration in the cathode and CO2 concentration in the anode. 

Despite the high area specific resistance exhibited by the cells due to the electrolyte 

thickness and non-optimized reference Pt anode, interesting effects in the 

electrochemistry were found. The electrolysis mode characterization highlighted the 

positive effect of the H2O concentration in the anode and the CO2 presence in the cathode. 

Higher H2O and CO2 concentrations allow for operation at higher current densities giving 

rise to lower overpotential and, consequently, substantially improving the Faradaic 

efficiency of the cell. 

Water electrolysis was performed at 700 ºC and Faradaic efficiency ranged between 7 

and 21% when 3% H2O was fed into the anode. Significant improvement up to 39% was 

observed at 10.4 mA/cm2 by increasing the H2O concentration to 7.5%. The low Faradaic 

efficiency is related to the electronic leakage in the electrolyte, partly due to the 

insufficient oxide hydration and the high built-up overpotential. In order to achieve higher 

Faradaic efficiencies, the thickness of the electrolyte should be significantly reduced, the 

cathode optimized and the electrolysis cell operated at high steam concentrations in the 

anode. 

The thickness of the electrolyte can be reduced by the fabrication of cathode-supported 

cells where the cathode is normally composed of BCZY and NiO (cer-met), these are 

analogous to anode-supported cells in SOFCs. The reduction of NiO to metallic Ni gives 

rise to a highly conducting phase [41]. In addition, Ni-cermet cells exhibit strong 

performance for CO2/H2O co-electrolysis [10],[42]. 

A co-electrolysis test carried out at 700 ºC with 7.5% H2O demonstrated the positive 

effect of CO2 has on the cell resistance. Co-feeding of H2 and CO2 to the cathode revealed 

that the CO2 hydrogenation rate to CO via RWGS reaction is boosted when current was 

applied, even at minor current densities. The built-up electrical field in the cathode 
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modifies the Pt surface and electronic state causing faster kinetics and, probably, the 

creation of additional H2 spillover pathways. This effect was previously described in Pt 

for other surface processes and is coined as the NEMCA effect. In addition, the mixed 

protonic oxide-ionic conductivity offers the possibility of further control of the CO/H2 

ratio in the produced dry hydrogen in the PCEC cathode.  
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SUPPORTING INFORMATION 

 

 

Supporting Figure S1. SEM image of Pt layer after sintering at 1100 ºC for 2 hours. 
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Supporting Figure S2. SEM-EDX mapping of the Pr (green) and Ce (red) elements. 
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Supporting Figure S3. Expected OCV values in electrolysis and co-electrolysis mode at atmospheric 

pressure and different temperature and steam concentrations: 3% H2O (a) and 7.5% H2O (b) 
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