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Executive Summary  

Within this document, ITQ-CSIC has developed the steps for the fabrication of an integrated solid electrolyte oxygen 

separator to eliminate the oxygen originated from the water splitting. The water is the subproduct of the catalytic 

reaction of syngas to aromatics (BTEX and PX).  

The integration of a SEOS to eliminate the water from the reactions aims to shift the equilibrium of the reaction to 

increase the BTEX an PX yield.  

The main challenges of this task are the following: 

- To obtain a good catalytic performance for the water splitting in the cathode surface at 450 °C and less than 

25 bar 

- To reach a good oxygen transport performance at 450 °C and < 25 bar, which is a low temperature regarding 

the optimum operating conditions of ceramic electrochemical devices 

- To ensure a good stability of the electrolyte material in the reducing conditions encountered in the reaction 

chamber: H2 content. 

- To obtain a good catalytic performance for the oxygen evolution reaction in the anode surface at 450 °C  

The goal key performance indicators pursued in this task are reaching an ionic conductivity of 5 mS·cm-1 at 450 °C and 

an oxygen permeation rate of 0.25 NmL·min-1cm-2 at 450 °C.  

 

 

Figure 1: Scheme of the SEOS integrated reactor proposed as a CO2SMOS Solution to increase aromatics yield. 

The proposed optimisation of the main materials disclosed in this project will be described and a preliminary list of 

results and main forward steps will be given and related to specific Key Performance Indicators (KPIs) to investigate the 

real possibilities and main bottlenecks of this technology. 
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WP  Work Package  
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1. Introduction 

The following sections describe the scope and the structure of the current deliverable, as well as the interdependencies 

with other CO2SMOS tasks and deliverables. 

1.1  Scope of the Deliverable 

This report represents a part of the work carried out in Task 3.4 which aims for the optimisation and integration of a 

solid electrolyte oxygen separator (SEOS) reactor to eliminate water subproduct from the syngas to aromatics reaction. 

The approach will deliver an innovative lab-scale solution to increase the products yield of the syngas produced from 

biogenic CO2 (in WP2), into added-value platform chemicals. 

 In particular, Task 3.4 is divided into two interlinked sub-tasks: 

• Subtask 3.4.1 named “Development of solid electrolyte O2 separator”. The output is presented in the current 

D3.6 deliverable, and in deliverable D3.7, ‘Stability of SEOS under catalysis -sound operation regime’, in M36; 

• Subtask 3.4.2 named “CMR for aromatics production: integration”. The output is also partially presented in the 

current D3.6 deliverable and will be completed in deliverables D3.8. ‘Development of BTX-selective synthesis 

catalyst’ and D3.9 ‘Structure-performance correlations and principles of catalyst performance’. 

Subtasks 2.4.1 to 2.4.2 aim to find the optimal working conditions to integrate the catalytic system and the SEOS.  

1.2  Structure of the Deliverable 

Within this Deliverable, besides Chapter 1 that constitutes the present Introduction, the following sections are included:  

• Chapter 2 outlines the methodological approach.  

• Chapter 3 presents the main advances and achievements for each component of the SEOS reactor: anode, 

electrolyte and cathode.  

• Chapter 4 report the modelling of the SEOS behavior 

• Chapter 5 draws the conclusion remarks and next steps.  

1.3  Interdependencies with Other Tasks and Deliverables 

The figure below shows the interdependencies of WP3 with other work packages. 
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Figure 2: Interdependencies of WP3 with Other Work Packages 

The activities reported in this Deliverable have been performed taking into account the objectives and outputs of WP2, 

in particular T2.4 “Optimisation and integration of the electrocatalytic reactor for syngas production” and the limitations 

and amendments occurred while running the project tasks.  It is also worthy to mention that T4.5 considers the scaling 

up of the different components of the SEOS. Information from T2.1 “Upstream processing strategy and upgrading of the 

industrial CO2 streams” is required to establish the stability limits of the different components against biogenic CO2 

impurities that could occur in the gas stream. In particular, the activities have been carried out considering the following: 

• Task 2.4 “Optimisation and integration of the electrocatalytic reactor for syngas production”. During the de‐

velopment of this task, major issues on the thermal integration of the three components of the CMR have been 

encountered. It was concluded that the integration of the HT-PEM, the low temperature RWGS and water 

permeable membrane at 180-200 °C, were jeopardizing very relevant results obtained when these tempera-

tures were not so harshly constrained. 

• Task 2.4.2 “Development of RWGS catalyst“, establishing the syngas production limits of the catalysts devel-

oped, which, up to date, have shown a maximum conversion of CO2 of 1.37% at 200 °C, which increases up to 

20.88% at 300 °C. 

• Subtask 3.4.2 “CMR for aromatics production: integration” with its deliverable D3.8 named “Development of 

BTEX selective synthesis catalyst” and lead by ITQ-CSIC; 
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2. Methodological approach 
CO2SMOS focuses mainly on valorising the biogenic CO2 emissions from Industrial Fermentation processes, in which 

CO2 is easy to capture and considerably pure. Electrochemically, this CO2, together with a H2 source can be converted 

to syngas (CO + H2). Through selected reactions and catalyst this syngas is used in the production of valuable chemicals 

that will set the base to fix the mentioned CO2 in form of long term products as textiles, food packaging, polymers, etc. 

CO2SMOS approach proposes a new concept of electrocatalytic membrane reactor to intensify the direct conversion of 

this syngas into aromatic hydrocarbons (BTEX and PX). For that purpose, a reactor that includes a solid state oxygen 

separator is designed, which must be able to split the water produced as reaction subproduct and extract the generated 

oxygen ions, thus shifting the reaction equilibrium. Several constraints arise from the reaction operation conditions, 

which will be further detailed in the results section:  

(i) the syngas to aromatics (STA) reaction occurs at temperatures between 400-450 ºC, 

(ii) non coking steam cathode  

(iii) the solid state materials increase performance at higher temperatures, 

(iv) the reaction medium is principally reducing, due to the CO and H2 content, restricting the usable materials 

(stable ceramic oxides at these conditions)  

Therefore, the different components of the reactor must be designed and optimized specifically for this purpose. On 

the one side, the STA reaction requires a catalyst that is being optimized in T3.4.2, and will produce water as a 

subproduct (e.g.  for benzene 6CO+9H2 → C6H6 + 6H2O). The catalysts are based in metal oxides supported in zeolites, 

giving an optimal working temperature of 400 °C, which is investigated to be further extended to 450 °C. The H2O formed 

will be electrolysed to form more H2 and thus instantly removed through the SEOS, which will contribute to shift the 

equilibrium towards aromatics formation, increasing CO conversion and BTEX/PX yield. 

The STA reaction side is holding the cathode, where the water splitting occurs (𝐻2𝑂+ 2𝑒− ⇄ 𝑂= + 𝐻2) and the ionic oxygen 

incorporates to the SEOS lattice. The oxygen ion will be transported through the lattice and recombine to molecular O2 

in the anode, releasing the electrons that will be collected and returned to the cell circuit. The cathode can be 

functionalised with nanoparticles of Ag, Cu and/or Pt catalysts to promote H2 evolution. The anode will be modified to 

promote oxygen evolution reaction by using state of the art electrode materials.  

Therefore, the tasks to achieve such a SEOS reactor (Figure 3) reported in this deliverable are as follows: 

 

 

- Selection and synthesis of materials for a SEOS as-

sembly  

- Assembling of lab scale SEOS set-up for the valida-

tion of ceramic cells  

- Characterization of electrochemical properties  

- 1D Modelling of the reaction in the SEOS   

 Figure 3. Scheme of lab scale SEOS configuration 
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CSIC has developed the cell components for the SEOS with support of SINTEF on the layer deposition. To pursue the 

objective of the study, the evolution of the task achievements and identification of bottlenecks, has been based on 

the following steps: 

1) coordination within T3.4 partners: 

• SINTEF focused in the last period on CGO thin dense layers deposition with its sputtering facilities as it was 

identified as an important parameters to reduce the resistance of the SEOS. In the frame of this collaboration, 

monthly meetings have been hold to discuss the requirements of the thin layer. The main experimental results, 

advances and problems encountered are reported and discussed. The main results will be shown in D3.7. 

• MS Teams shared folder  

• Visit to labs  
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2.1. Experimental Methods 
 

The work in this task has been dedicated to the search of cell component materials and their synthesis and 

characterization. The employed methods are described below. 

 

2.1.1. Synthesis of materials 
 

The state of the art materials as 8YSZ ((ZrO2)0.92(Y2O3)0.08) and ScSZ ((ZrO2)0.89(Sc2O3)0.1 (CeO2)0.01) have been purchased 

from Tosoh Corporation and Marion Technologie, respectively. 

The synthesis of bismuth-based oxides, namely doped-Bi2O3 and BiMeVOx has been performed by the Pechini method. 

The procedure involves the dissolution of precursor salts of the required metals (nitrates) in water together with citric 

acid to give rise to the precursor solution containing the metal-citrate complexes. Subsequently, ethylene glycol is added 

and heated to initiate the transesterification reaction between the complexes and the ethylene glycol, forming the 

polymeric network. The material is then heated in an oven, eliminating the organic matrix by combustion, obtaining the 

ceramic material of interest.  

The synthesis of Bi2Cu0.1V0.9O5.35, used as electrolyte and support for one of the membranes, is carried out by a slightly 

modified version of the Pechini method described above and starts with the preparation of two independent solutions, 

one containing the corresponding amounts of copper nitrate and ammonium metavanadate, and the other with 

bismuth nitrate, each containing 50 mL of distilled water. The solutions are heated to 60 °C in constant stirring. The 

modification of Pechini's original method consists in the separation of solutions since for the bismuth nitrate solution 

the necessary amount of nitric acid (99%, Thermo Fisher) is added in a controlled manner until it dissolves correctly. 

Then, the corresponding amount of citric acid is added to both solutions, and it is left for about 30 minutes until the 

homogeneous dissolution of metal-citrate complexes is correctly formed. Subsequently, both solutions are mixed, 

adding the bismuth nitrate solution to the copper nitrate and ammonium metavanadate solution in a controlled 

manner, making sure that no precipitate is formed, adding nitric acid when necessary, so as not to compromise the 

homogeneity of the solution. It is maintained in constant agitation until the color of the solution changes from an initial 

strong blue to a dark green. When this state is reached, the ethylene glycol is added (99%, Thermo Fisher) and the 

mixture is afterwards heated at 220 °C, 16 h. 

The obtained solid is ground in an agate mortar and calcined at a temperature of 750 °C for 27 h, and further in a ball 

mill for 16 h using acetone and zirconia balls medium. The final powder is sieved to a particle size of less than 100 μm 

and the formation of the Aurivillius phase is checked by X-ray diffraction. The final powder is used either to press 

monolithic electrolytes or to prepare oxide ink to fabricate supported electrolytes. 

For the fabrication of electrolyte supported cells, the powders are uniaxially pressed into cylindrical pellets and then 

calcined at a temperature of 800 °C for 10 h, obtaining the final monolith. 

Gadolinium doped ceria materials have been prepared by coprecipitation method. The lanthanide nitrates were 

dissolved in distilled water at 50 °C. A 1:1.5 molar ratio solution of (NH4)2CO3 was dropped on the lanthanides stirring 

solution for the complete precipitation of the precursors. The resulting wet powder was rinsed and filtrated, and then 

dried at 100 °C. The fluorite phase was synthesized in dry air atmosphere at 800 °C for 5 h, to decompose the residual 

nitrates and carbonates. 

For the composite CGO/Cu used as electrode material, the synthesis was carried out by one-pot coprecipitation method. 

This is a modification of the coprecipitation previously applied since first the cerium and gadolinium are precipitated by 

means of ammonium carbonate, and then a solution of NaOH of 2M concentration is added in excess and left stirring 

for 24 h to precipitate the copper. Afterwards, the process follows as explained before. 
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2.1.2. Characterization 
 

The crystalline phases have been identified by X-ray diffraction by using a PANalytical Cubix fast diffractometer, using 

CuKα1,2 radiation (λ1 = 1.5406 Å) and an X’Celerator detector in Bragg−Brentano geometry. XRD patterns recorded in 

the 2θ range from 15 ° to 100 ° were analyzed using X’Pert Highscore Plus software.  

Cross section analysis of the cells and components were conducted by performing scanning electron microscopy (SEM). 

Backscattered electrons detector (BSD) was used to provide images with compositional contrast that differentiate grains 

and element distribution. 

The electrochemical impedance spectroscopy (EIS) was carried out by a Solartron 1470/1455 FRA device providing 0 V 

DC – 20 mV AC for amplitude signal. Two kinds of experiments were studied, i.e. electrochemical measurements at 

different temperatures in symmetrical cells in air and electrolysis experiments in full cells in CO2+ H2O at 450 °C and 500 

°C, both at atmospheric pressure. Electrolysis experiments were carried out in a double chamber reactor sealed using 

Ag-based gaskets. After sealing and before any experiment, the CuO-GDC layer was reduced under pure hydrogen for 2 

h at 700 °C to get metallic copper. The continuous electrically conductive network after this reduction step has been 

checked previously at room temperature.  

Conductivity measurements were conducted on dense rectangular probes (4 × 0.4 × 0.2 cm3) uniaxially pressed at 125 

MPa during 1 min and subsequently sintered in air. Electrical conductivity measurements were conducted by standard 

4-point DC technique using silver wire and paste for contacting. The measurements were carried out in a temperature 

range from 200 to 700 °C by cooling down (1 °C/min) in air and wet air (3% H2O). The constant current was supplied by 

a programmable current source (Keithley 2601), and the voltage drop through the sample was detected by a multimeter 

(Keithley 3706). The conductivity measurements are thermally activated and were analyzed on the basis of Arrhenius 

behavior, σ(T) = (A/T) exp(−Ea/kT). Once the highest temperature (700 °C) was reached, the samples were stabilized for 

2 h. 

 

2.2. Modelling methods 

The SEOS design and operation regime has been assisted by 1D modelling, in which electrochemical models, STA kinetics 

and mass/heat transfer among the different reaction chambers and interfaces are included. 

2.2.1. Mechanism of the process 

 

The process consists of the hydrogenation of CO to selectively generate aromatics. The mechanism is depicted in the 

Figure 4. This mechanism generates methanol as intermediate. This methanol generates olefins. These olefins generate 

paraffins (because the hydrogenation) and aromatics. 



 
 
 

 

 14 

 

Figure 4. Mechanism of CO hydrogenation to aromatics 

2.2.2. Electrochemical cells 

The reaction system is coupled with an electrochemical cell based on an oxygen ionic electrolyte. Figure 5 shows the 

different electrochemical phenomena that could happen in this kind of cells: (i) pure H2O electrolysis; (ii) pure CO2 

electrolysis; (iii) Co-electrolysis process. 

 

Figure 5. Different possible electrochemical processes 

2.2.3. Methodology  

Based in the mechanism proposed in section 2.2.1, the next set of reaction was considered: 

Water Gas Shift   𝐶𝑂 + 𝐻2𝑂 ⇄ 𝐶𝑂2 + 𝐻2    (rWGS) 

Methanol formation  𝐶𝑂 + 2 𝐻2 ⇄ 𝐶𝐻3𝑂𝐻    (rMetOH) 

Olefins generation 

  2 𝐶𝐻3𝑂𝐻 ⇄ 𝐶2𝐻4 + 2 𝐻2𝑂   (rO2) 

    𝐶2𝐻4 + 𝐶𝐻3𝑂𝐻 ⇄ 𝐶3𝐻6 + 𝐻2𝑂   (rO3) 

    𝐶3𝐻6 + 𝐶𝐻3𝑂𝐻 ⇄ 𝐶4𝐻8 + 𝐻2𝑂   (rO4) 

    𝐶4𝐻8 + 𝐶𝐻3𝑂𝐻 ⇄ 𝐶5𝐻10 + 𝐻2𝑂   (rO5) 
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Aromatics generation 

    4 𝐶2𝐻4 ⇄ 𝐶8𝐻10 + 3 𝐻2    (rA2) 

    8 𝐶3𝐻6 ⇄ 3 𝐶8𝐻10 + 9 𝐻2   (rA3) 

    2 𝐶4𝐻8 ⇄ 𝐶8𝐻10 + 3 𝐻2    (rA4) 

Paraffins generation 

    𝐶𝑂 + 3 𝐻2 ⇄ 𝐶𝐻4 + 𝐻2𝑂    (rP1) 

    𝐶2𝐻4 + 𝐻2 ⇄ 𝐶2𝐻6     (rP2) 

    𝐶3𝐻6 + 𝐻2 ⇄ 𝐶3𝐻8     (rP3) 

    𝐶4𝐻8 + 𝐻2 ⇄ 𝐶4𝐻10     (rP4) 

    𝐶5𝐻10 + 𝐻2 ⇄ 𝐶5𝐻12     (rP5) 

Therefore, the generation of the following compounds are included in the model: 

- CO, CO2, H2, CO2, CH4 and CH3OH 

- Paraffins: C2H6, C3H8, C4H10 and C5H12 

- Olefins: C2H4, C3H6, C4H8 and C5H10 

- Aromatics: C8H10 

- Inert: Ar 

The equations for the kinetic reaction rates are summarized in Table 1. The equilibrium constants have been calculated 

considering bibliography databases 1: 

Table 1. Kinetic reaction rate equations 

Reaction Equation Id 

rWGS 𝑟𝑊𝐺𝑆 =
𝑘𝑊𝐺𝑆 · (𝑝𝐶𝑂 · 𝑝𝐻2𝑂 −

𝑝𝐶𝑂2 · 𝑝𝐻2
𝐾𝑒𝑞𝑊𝐺𝑆

)

𝐷𝐸𝑁2
 

(1) 

rMetOH 
𝑟𝑀𝑒𝑡𝑂𝐻 =

𝑘𝑀𝑒𝑡𝑂𝐻 · (𝑝𝐶𝑂 · 𝑝𝐻2
2 −

𝑝𝐶𝐻3𝑂𝐻
𝐾𝑒𝑞𝑀𝑒𝑡𝑂𝐻

)

𝐷𝐸𝑁2
 

(2) 

rO2 𝑟𝑂2 =
𝑘𝑂 · 𝑝𝐶𝐻3𝑂𝐻

2

𝐷𝐸𝑁2
 (3) 

rO3 𝑟𝑂3 =
𝑘𝑂 · 𝑝𝐶𝐻3𝑂𝐻 · 𝑝𝐶2𝐻4

𝐷𝐸𝑁2
 (4) 

rO4 𝑟𝑂4 =
𝑘𝑂 · 𝑝𝐶𝐻3𝑂𝐻 · 𝑝𝐶3𝐻6

𝐷𝐸𝑁2
 (5) 

rO5 𝑟𝑂5 =
𝑘𝑂 · 𝑝𝐶𝐻3𝑂𝐻 · 𝑝𝐶4𝐻8

𝐷𝐸𝑁2
 (6) 

                                                           

1 Bruce E. Poling  John O’ Connell, J. M. P. (2000). The properties of gases and liquids. 5th edition. McGraw-Hill 

Education. 
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Reaction Equation Id 

rA2 𝑟𝐴2 =
𝑘𝐴 · 𝑝𝐶2𝐻4

𝐷𝐸𝑁2
 (7) 

rA3 𝑟𝐴3 =
𝑘𝐴 · 𝑝𝐶3𝐻6

𝐷𝐸𝑁2
 (8) 

rA4 𝑟𝐴4 =
𝑘𝐴 · 𝑝𝐶4𝐻8

𝐷𝐸𝑁2
 (9) 

rP1 
𝑟𝑃1 =

𝑘𝑃1 · (𝑝𝐶𝑂 · 𝑝𝐻2
3 −

𝑝𝐶𝐻4 · 𝑝𝐻2𝑂
𝐾𝑒𝑞𝑀𝑒𝑡

)

𝐷𝐸𝑁2
 

(10) 

rP2 𝑟𝑃2 =
𝑘𝑃 · 𝑝𝐶2𝐻4 · 𝑝𝐻2

𝐷𝐸𝑁2
 (11) 

rP3 𝑟𝑃3 =
𝑘𝑃 · 𝑝𝐶3𝐻6 · 𝑝𝐻2

𝐷𝐸𝑁2
 (12) 

rP4 𝑟𝑃4 =
𝑘𝑃 · 𝑝𝐶4𝐻8 · 𝑝𝐻2

𝐷𝐸𝑁2
 (13) 

rP5 𝑟𝑃5 =
𝑘𝑃 · 𝑝𝐶5𝐻10 · 𝑝𝐻2

𝐷𝐸𝑁2
 (14) 

𝐷𝐸𝑁 = 1 + 𝐾𝐶𝑂 · 𝑝𝐶𝑂 + 𝐾𝐻2 · 𝑝𝐻2 + 𝐾𝐶𝑂2 · 𝑝𝐶𝑂2 + 𝐾𝐻2𝑂 · 𝑝𝐻2𝑂 

 

In addition, the electrochemical process can be implemented by considering the different half-reaction that take place 

in the electrode in contact with the reaction chamber: 

𝐻2𝑂 + 2 𝑒− → 𝐻2 + 𝑂2−     (rE-H2O) 

𝐶𝑂2 + 2 𝑒− → 𝐶𝑂 + 𝑂2−    (rE-CO2) 

And by the Faraday law, the molar electrochemical flows can be calculated considering Equations 15 and 16: 

𝑟𝐸−𝐻2𝑂 =
𝑖·𝑓𝐻2𝑂·𝐴𝑟𝑒𝑎𝑐𝑒𝑙𝑙

𝑧·𝐹
     (15) 

𝑟𝐸−𝐻2𝑂 =
𝑖·(1−𝑓𝐻2𝑂)·𝐴𝑟𝑒𝑎𝑐𝑒𝑙𝑙

𝑧·𝐹
     (16) 

Where 𝑓𝐻2𝑂 is 1 for pure H2O electrolysis and 0 for pure CO2 electrolysis. 

These reaction terms are related to each compound as summarized in Table 2. 

Table 2. Reaction rates per compound 

Compound Equation Id 

CO −𝑟𝑊𝐺𝑆 − 𝑟𝑀𝑒𝑡𝑂𝐻 − 𝑟𝑀𝐸𝑇 + 𝑟𝐸−𝐶𝑂2 (15) 

H2 𝑟𝑊𝐺𝑆 − 2 𝑟𝑀𝑒𝑡𝑂𝐻 + 3 𝑟𝐴2 + 9 𝑟𝐴3 + 3 𝑟𝐴4 − 3 𝑟𝑀𝐸𝑇 − 𝑟𝑃2 − 𝑟𝑃3 − 𝑟𝑃4 − 𝑟𝑃5 + 𝑟𝐸−𝐻2𝑂  (16) 

CO2 𝑟𝑊𝐺𝑆 − 𝑟𝐸−𝐻2𝑂 (17) 

H2O −𝑟𝑊𝐺𝑆 + 𝑟𝑀𝐸𝑇 + 2 𝑟𝑂2 + 𝑟𝑂3 + 𝑟𝑂4 + 𝑟𝑂5 − 𝑟𝐸−𝐻2𝑂 (18) 

CH3OH 𝑟𝑀𝑒𝑡𝑂𝐻 − (2 𝑟𝑂2 + 𝑟𝑂3 + 𝑟𝑂4 + 𝑟𝑂5) (19) 

C2H4 𝑟𝑂2 − 𝑟𝑂3 − 4 𝑟𝐴2 − 𝑟𝑃2 (20) 

C3H6 𝑟𝑂3 − 𝑟𝑂4 − 8 𝑟𝐴3 − 𝑟𝑃3 (21) 

C4H8 𝑟𝑂4 − 𝑟𝑂5 − 2 𝑟𝐴4 − 𝑟𝑃4 (22) 

C5H10 𝑟𝑂5 − 𝑟𝑃5 (23) 
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CH4 𝑟𝑀𝐸𝑇 (24) 

C2H6 𝑟𝑃2 (25) 

C3H8 𝑟𝑃3 (26) 

C4H10 𝑟𝑃4 (27) 

C5H12 𝑟𝑃5 (28) 

C8H10 𝑟𝐴2 + 3 𝑟𝐴3 + 𝑟𝐴4 (29) 

 

These sets of equations have been implemented in Matlab, where these reactions have been solved considering Plug 

flow reaction. The Plug flow reaction has been solved by means of the Runge-Kutta method. 

To achieve similar results employing the experimental results, the kinetics coefficients have been changed manually. A 

complete fitting requires a higher number of experiments in different conditions. As these experimental results are not 

available, “only” the adaptation of the kinetic coefficient could be implemented in order to have good predictions of 

the model. Therefore, several hypotheses had to be assumed, which are described below: 

- Neglectable pressure drops 

- Non diffusion limitations or counter-diffusion 

- Non fluid-dynamics impacts on the kinetics 

- Homogeneous temperature 

- Homogeneous catalyst distribution 

- Only CO, CO2, H2 and H2O have an active role on the adsorption phenomena (considering possible limitations 

in the reaction rates) 

- 100% faradaic efficiency 
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3. Results 
The main results in the development of materials and cells are described below. It is structured by the selection of the 

electrolyte, which is the core of the SEOS, and the electrodes are adapted to the electrolyte material.  

A section with the description of 1D modelling results is also included. 

 

3.1. Electrolytes 

The electrolyte is the central component of the solid oxide electrolytic cell and determines the composition of the other 
elements of the cell. It must exhibit high conductivity towards the oxide ions in order to achieve a high efficiency, while 
being electrically insulating. Besides, it must be dense to prevent the gas leakage transport between the atmospheres 
of the two electrodes and must show sufficient mechanical strength in addition to thermal and chemical stability to 
ensure the durability of the device. The state-of-the-art electrolyte material is 8YSZ, due to its high ionic conductivity 
and stability at elevated temperatures of 800−1000 °C. Other electrolyte materials have been tested with the aim of 
decreasing the operating temperature, as scandia-stabilized zirconia (ScSZ) and CeO2-based oxides, including Gd and Sm 
as lattice substituents (GDC and SDC). Materials based in Bi2O3 and Bi2VO5.5 containing intrinsic oxygen vacancies also 
show high oxide ion conduction at low temperature. 
The above mentioned approaches have been studied in this project to optimize the electrolytes, i.e. ceria based oxides, 
yttrium and zirconia-based oxides and bismuth based oxides.  

3.1.1. Zirconia based electrolytes 
 

Yttrium doped zirconia is the state-of-the-art material for ionic transport solid state cells working at high temperature, 

but its relatively poor conductivity of 3−30 mS·cm−1 at 600−800 °C hinders its applications at intermediate or low 

temperature. 2 ScSZ has a higher ionic conductivity and activation energy, since the lower ionic radius of Sc3+ involves 

lower resistance to the oxygen ion transport.3 An additional 1% Ce doping is employed in ScSZ to maintain a good 

mechanical resistance, which is the raw material purchased for CO2SMOS tests. The main limitation to the use of ScSZ 

for SOEC is the high price of scandium since it is a scarce element. This material was selected to validate the operability 

of the used setup and to compare its conductivity at low temperature with the state-of-the-art 8YSZ (in bulk).  

Figure 6 shows the employed setup, which consists of a tubular quartz reactor that can be set in one and two chambers 

(when the electrolyte is sealed properly to isolate anode and cathode gases). The inlet of the gases is heated, while the 

water is saturated at room temperature (ca. 3%. 25 °C). The conductivity of ScSZ electrolyte has been measured in a 

bulk disk of 600 μm, configured as a symmetrical cell. In this case, we will be measuring the impedance of the electrolyte, 

obtaining the bulk conductivity. Figure 6b plots the evolution of the ScSZ conductivity in air, with the temperature. The 

inset picture shows the disc shaped sample, with LaSrMnO3 (LSM) electrodes. EIS has been measured in a symmetrical 

mode (meaning no sealing among chambers and the same gas in both electrodes). 

                                                           

2 O. Yamamoto, In Low temperature electrolytes and catalysts; John Wiley & Sons, 2010. 
3 V. Lakshmi, R. Bauri, A.S. Gandhi, S. Paul, Synthesis and characterization of nanocrystalline ScSZ electrolyte for 
SOFCs. Int. J. Hydrog. Energy, 2011, 36, 14936−14942. 



 
 
 

 

 19 

 

Figure 6. Experimental setup for electrochemical testing (right) and conductivity versus the inverse temperature for 
a 600 µm thick scandia stabilized zirconia monolith. In the inset, an example of measured symmetrical cells. 

The results indicate that the conductivity at 600 °C is 9 mS·cm−1, three times the observed for 8YSZ. At 450 °C, which is 

the targeted temperature in this project, the conductivity decays up to 0.3 mS·cm−1, which anticipates a low oxygen 

transport in these thick monolith conditions.  

Therefore, decreasing of electrolyte resistance by using an electrode supported cells (decrease of the electrolyte 

thickness) is a plausible strategy to leverage the slight improvement observed in ScSZ at low temperature (regarding 

8YSZ) and will be taken into account in scalability tasks in WP4. 

 

3.1.2. Ceria based electrolytes 
 

Water electrolysis has been performed with ionic conducting SOEC devices at high temperature by several groups.4 

Previous work in CSIC consisted in realizing H2O and CO2 co-electrolysis to produce syngas (H2 + CO) at temperature 

>700 °C, was shown to be a very interesting way for the production of clean synthetic fuels. 5 In the presence of a 

suitable catalyst, the well-known Fischer- Tropsch synthesis would enable to produce in situ fuels from these precursor 

gases, similar to CO2SMOS approach. However, few data about H2O (and/or CO2) electrolysis in the intermediate and 

low temperature range with ion-conducting based cells are available in literature. 

Thus, a full cell based in the mentioned previous work was tested at lower temperature. It consisted of an electrolyte 

supported cell 650 μm thick, and 15 mm in diameter, in which a CGO-Cu cathode was deposited to be active for the H2O 

and CO2 splitting reaction. The anode consisted of a composite made of Ba0.5Sr0.5Co0.8Fe0.2O3‐δ perovskite (BSCF) and 

CGO in a 1:1 volume ratio, a state of the art material for oxygen membranes and oxygen evolution reaction (ORR).6 The 

cell was evaluated in electrolysis mode. A constant current was firstly passed through the cell for 30 min. The anode 

layer was exposed to air with a flow of 200 mL min-1. For H2O electrolysis tests, 200 mL min-1 of argon (20 ppm of O2) 

humidified by a water saturator at ambient temperature (3% H2O vol.) were supplied to the cathode Cu-GDC. For CO2 

electrolysis tests, the cathode was fed by 180 mL min-1 of argon and 20 mL min-1 of carbon dioxide. The Cu-GDC side 

                                                           

4 W. Zhang, M. Liu, X. Gu, Y. Shi, Z. Deng and N. Cai, Water Electrolysis toward Elevated Temperature: Advances, 
Challenges and Frontiers, Chem. Rev., 2023, 123, 7119–7192. 
5 C. Gaudillere, L. Navarrete, J. M. Serra, Syngas production at intermediate temperature through H2O and CO2 
electrolysis with a Cu-based solid oxide electrolyzer cell, Int. J. Hydrogen Ener. 2014, 39, 3047-3054. 
6 Catalytic Oxide‐Ion Conducting Materials for Surface Activation of Ba0.5Sr0.5Co0.8Fe0.2O3-δ Membranes MP Lobera, M 
Balaguer, J García‐Fayos, JM Serra, Chemistry Select, 2017, 2 , 2949-2955. 
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was fed with 200 mL min-1 of hydrogen humidified through a saturator at ambient temperature. The humidity level is 

assumed to be 3%. The BSCF-GDC side was fed with 200 mL min-1 of air. 

 

Figure 7. i-v curves for H2O and CO2 electrolysis at 700 °C, a) and i-v curves for H2O and CO2 coelectrolysis at 450 and 
500 °C. The inset shows a scheme of the attachment of reactions in the cell.    

It was observed that the cell materials are thermo-chemically stable against CO2, CO and H2 presence in the anode 

chamber. However, cell voltage increases at these lower T, indicating a performance decay. A minimum performance is 

still observed at 500 °C, while at 450 °C it was not possible to apply current higher than -100 mA·cm-1 .  

Since the measured cell was electrolyte supported, there is still room for a manufacturing improvement, by decreasing 

electrolyte thickness. Therefore, new cathode supported cells have been manufactured. The cathode consisted of a 

CGO/Cu pellet, presintered at 900 °C on which the CGO electrolyte is screen printed. Both layers are cosintered at 1050 

°C for CGO densification and submitted to a reduction in H2 afterwards, which makes the electrode porous. The dense 

CGO layer is in between 10-20 μm. On top of the electrolyte, the anode is also screen printed. Two different materials 

have been used as anode for the ORR: LPBSFC/CGO and LSM/CGO. Figure 8 shows the obtained cells and their 

microstructure, in which a good adhesion between the layers was obtained. Electrochemical results will be reported in 

next deliverable. 

  

Figure 8. Lab scale full cells for electrochemical characterization and FEG-SEM images of their microstructural 
attachment.    
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3.1.3. Bismuth oxide based electrolytes  
 

Bi2O3 is a highly ionic conductor at low temperatures (400 °C- 800 °C). However, it suffers T related phase changes that 
prevent its use in electrochemical devices as well as low stability in reducing conditions. In order to stabilize the 
conducting δ-phase and further increase the conductivity several dopants have been used, i.e. Er, Nb, Dy, W. 78 
 
By using the solid state reaction method, four doped Bi2O3 compositions were synthesised, namely: 

- Er0.2Bi0.8O1.5 (ESB) 

- Er0.15Nb0.025W0.025Bi0.8O1.5 (15ENWB) 

- Dy0.08W0.04Bi0.88O1.5 (8DWB) 

- Dy0.25W0.05Bi0.7O1.5  (25DWO) 

The materials were characterized by 4-point DC conductivity measurements and their stability in air at 600 °C. The 
results in Figure9 indicated a superior oxygen ion conductivity for 15ENWB, followed by ESB, which are also mantained 
stable in time. The compositions containing dysprosium show lower conductivity and 8DWB has not sufficient dopant 
to maintain the stability of the material, which degrades within 11 hours. Besides, it was extracted from literature that 
the oxide-ion transportation number of 15ENWB, measured using an oxygen concentration cell was 0.98 at 500 °C and 
1.00 at 600 °C, 6 which indicates an increase in electronic conductivity with decreasing temperature. Therefore, 15ENWB 
was tested as cathode and ESB as electrolyte in a first attempt of a low temperature electrochemical cell. 

 

Figure 9. 4-point DC conductivity stability in air of ESB, 25DWB, 8DWB and 15ENWB at 600 °C. 

For the oxygen reaction, three standard oxygen electrode materials, plus a Bi-tailored composition were selected and 
synthesized by Pechini method. In order to decrease the electrolyte thickness, the cells were porous anode supported.  

                                                           

7 K. Shitara, T. Moriasa, A. Sumitani, A. Seko, H. Hayashi, Y. Koyama, R. Huang, D. Han, H. Moriwake, I. Tanaka, First-
Principles Selection of Solute Elements for Er-Stabilized Bi2O3 Oxide-Ion Conductor with Improved Long-Term Stability 
at Moderate Temperatures, Chem. Mater. 2017, 29, 3763−3768. 
8 D.W. Jung, J.C. Nino, K.L. Duncan, S.R. Bishop, E.D. Wachsman, Enhanced long-term stability of bismuth oxide-based 
electrolytes for operation at 500°C, Ionics, 2010, 16, 97–103. 
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- CuMn2O4 (CMO)  

- La2NiO4 (LNO) 

- La0.84Sr0.16MnO3 (LSM) 

- La0.74Bi0.1Sr0.16MnO3 (LSMB) 

Before the production of cells, chemical compatibility among the electrolyte ESB, 15ENWB, 25DWO and 8DWO materials 
and the proposed electrode oxygen reaction materials was tested. To perform so, 50:50 weight ratio of the powder 
materials were pressed uniaxially to keep the materials in intimate contact, and then sintered at 800 °C for 2 h. The 
results shown in Figure 10-13 allow to discard CMO and LNO as electrode material, since they react with all the 
electrolyte materials as seen in new peaks appearing in the diffractogram apart from the two initial compositions. LSM 
and LSMBi show a slight reaction with the electrolytes containing Dy (25DWO and 8DWO), while they are compatible 
with ESB and 15ENWB. From the two compatible cathode materials, we have selected the LSMB as cathode due to the 
presence of Bi, which may improve the thermal expansion coefficient matching among cell materials. 

 

Figure 10. XRD patterns of electrolyte-electrode couples, from left to right: ESB-CMO, ESB-LNO, ESB_LSM, ESB-LSMB. 

 

Figure 11. XRD patterns of electrolyte-electrode couples, from left to right: 15ENWB-CMO, 15ENWB-LNO, 
15ENWB_LSM, 15ENWB-LSMB. 

 

Figure 12. XRD patterns of electrolyte-electrode couples, from left to right: 25DWO-CMO, 25DWO-LNO, 25DWO_LSM, 
25DWO-LSMB. 
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Figure 13. XRD patterns of electrolyte-electrode couples, from left to right: ESB-CMO, ESB-LNO, ESB_LSM, ESB-LSMB. 

Finally, a full cell has been manufactured as in the scheme of Figure 14a, consisted  of the 15ENWB anode, ESB 
electrolyte and LSMB cathode. The SEM image in Figure 14b shows the good attachment among layers and the porosity 
of the cathode. This full cell has been measured by 3 point tests both in OCV and applying bias. Figure 14c plots the 
resistance vs inverse temperature of the electrolyte and the electrodes. An ohmic resistance (black dots) at 450 °C of 
14.08 Ω·cm2 has been measured for the electrolyte at a working voltage of 1.4 V, which gives a current density of 0.0994 
A· cm-2, reaching the KPI for the SEOS electrolyte. However, the unstable behavior of the polarization resistance of the 
electrodes (red dots) points out to a material degradation, which could be expected in the anode side, after the contact 
of the 15ENWB and the hydrogen. 

 

Figure 14. a) Full cell Scheme of15ENWB anode, ESB electrolyte and LSMB cathode; b) FESEM images of electrolyte 
and porous cathode support attachment, and c) resistance vs inverse temperature of the electrolyte and the 

electrodes, measured by EIS. 

 

Therefore, two strategies have been followed in order to improve the cell stability. On the one hand, the use of 

vanadium doped bismuth oxides has been used and, on the other hand, protective layers avoiding the contact of the 

bismuth oxide materials with the reducing atmosphere (H2 containing) has been proposed.  

 
Bi2VO5.5 is a layered bismuth oxide/perovskite structure, namely Aurivillius phase with intrinsic oxygen vacancies in the 
V perovskite layer. It undergoes two structural transitions to form three phases; α, (450 °C) β and (570 °C) γ. The γ phase 
is the highest oxide ion conducting, which is believed to be due to disorder of the oxygen vacancies that are associated 
with the vanadium atoms in the perovskite layer. By doping the V site above a certain level, the γ polymorph can be 
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stabilized at lower temperatures, as well as extrinsic oxygen vacancies may be introduced. 9 The system based on metal-
doped bismuth vanadium oxides, Bi2MxV1-xO5.5-δ (BiMeVOX), hasthe highest reported oxide ion conductivity of any solid 
electrolyte at low temperatures. However, it also present some drawbacks as the volatilization of bismuth at moderate 
temperatures, thermodynamic instability in reducing atmospheres, high corrosion activity and low mechanical 
strength.10  
For a first screening of these materials working at CO2SMOS targeted temperatures, several metals have been 

substituted in the BiMeVOx lattice to introduce ionic defects (increase oxygen transport), i.e. Ni, Cu, Mn, Co and Ti.  

Figure 15 shows the DC-conductivity results of the mentioned series. All doped materials showed pure ionic conductivity 

and are stable up to 10-5 atm of oxygen. Best results were found for BiCuVOx (Bi2M0.1V0.9O5.5-δ), which allowed to reach 

the targeted KPI ionic conductivity at 450 °C > 5 mS·cm-1. 

 

 
 

Figure 15. DC-conductivity in air of doped BiMeVOx electrolyte materials 

 

Compatibility tests with the selected anode material tested previously have been performed since a good attachment 

with the electrolyte is of primary importance to ensure the carriers transport. BiCuVOx and CGO-Cu powders were 

molten together and calcined at 800 °C for 10 hours. A number of new diffraction peaks appeared indicating the reaction 

among these materials, preventing this process for the fabrication of the cell. 

 

                                                           

9 K.R. Kendall, C. Navas, J.K. Thomas, H.-C. zur Loye, Recent Developments in Oxide Ion Conductors: Aurivillius Phases, Chemistry of 
Materials 8(3) (1996) 642-649. 
10 C.K. Lee, D.C. Sinclair, A.R. West, Stoichiometry and stability of bismuth vanadate, Bi4V2O11, solid solutions, Solid State Ionics 62(3–

4) (1993) 193-198. 
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Figure 16. XRD diffraction patterns after compatibility treatment of BiCuVOx:CGO-CuO mixture at 800 °C/10h and 
450 °C/10h 

The compatibility was also checked at 450 °C, taking into account that this would be the operating temperature of the 

reactor. In this case, Figure 16 shows that no other peaks than those corresponding to the BiCuVOx and the CGO-CuO 

materials appear in the diffractogram, indicating their compatibility in these conditions. The same compatibility process 

has been performed with Cu1.3Mn1.7O4 (CMO) electrode material (Figure 17). In this case, also good compatibility at 450 

°C was observed. Therefore, further fabrication methods are being explored to deposit the BiCuVOx layer on a CGO-

CuO and CMO electrode with good attachment at low temperature (ca. 450 °C), as spray coating and sputtering.  

  
Figure 17. XRD diffraction patterns after compatibility treatment of BiCuVOx:CGO-CuO mixture at 800 °C/5h 
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3.1.4. Conclusions 
 

Several materials, currently in different development stages, have been tested in order to select the most suitable 

materials for the SEOS integrated in a STA reactor.  

• 8YSZ is the state-of-the-art material, well known for high temperature SEOS applications. However, its transport 
properties decay at the working temperatures required for the STA reaction (ca. 400-450 °C). Therefore, an 
electrolyte based in ScSZ has been tested, showing superior transport properties at these temperatures. As it is 
well known by following Wagner’s equation, the performance of the bulky tested electrolyte (600 μm thick) can 
be improved by decreasing the thickness, which will be considered in the scale up tests.  

• Ceria based electrolytes previously tested at intermediate/high temperatures have been tested at low 
temperature in a full cell, i.e. CGO-Cu/CGO/BSCF, in order to assess the possibilities of use in CO2SMOS SEOS for 
a STA reactor. A dramatic increase in the electrolyte resistance is observed, especially at 450 °C, but the cell 
architecture configuration leaves room for improvement. Cathode supported cells, consisting in porous CGO-Cu 
are being designed and tested, and techniques as RF sputtering and spray coating are being used for the 
deposition of a thin layer of electrolyte.  
Finally, high oxygen conducting materials at low temperature have been tested. Those are based in Bi-oxides 
(Bi2O3 and BiMeVOx families). They showed good transport performance, but their incompatibility with electrode 
materials at high temperature and attachment issues (as a consequence of different thermal expansion 
coefficient) prevent their direct use. Protective thin layers and alternative electrolyte deposition methods are 
being studied in order to improve both, compatibility, stability and manufacturability.  

3.2. 1D Modelling of CO hydrogenation to aromatics in a SEOS membrane reactor 

 

The model described in section 2.2. has been used and compared by implementing the reaction results obtained by two 

catalyst systems, designed and tested in T3.4.2. These two systems are described in Table 3.  

Table 3. Catalyst systems 

Catalyst system Description 

CAT-1 Zn-ZrO2 (1/50) + 3 Mg/Z80 (CTAB) – SiC3 (1:1) 

CAT-2 Zn-ZrO2 (1/200) + Z80 (CTAB) – SiC3 (1:1) 

 

The experiments were performed at 400 °C and 30 bar. The feeding stream consisted of 10% syngas (H2/CO molar ratio 

of 2) in an inert gas. The space velocity was fixed to 8.5 Lsyngas/gox/h. The available experimental results from T3.4.2 are 

summarized in Table 4. 

Table 4. Experimental results of T3.4.2 catalysts. 

System XCO SCO2 SHC Hydrocarbon distribution (%C) 

    𝑪𝟏 𝑪𝟐
= − 𝑪𝟒

= 𝑪𝟐 − 𝑪𝟒 𝑪𝟓+ Aromatics 

CAT-1 16.2 49.1 50.9 2.5 13.8 18.0 12.7 53.0 

CAT-2 26.5 47.2 52.8 1.4 1.2 15.8 1.3 80.3 

3.2.1. Model for the CAT-1 

 

Figures 18-20 show the results of the model implemented for CAT-1 results. The comparison between the model and 

the experimental results in Figure 18 shows that it is possible to perform good predictions at these fixed conditions. The 
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distribution of conversion gradually increases while C1 selectivity decreases (C1 = CH4 + CH3OH). On the other hand, the 

selectivity to olefins increases to reach a maximum and then it decreases as a consequence of the aromatics and 

paraffins formation. Moreover, the selectivity to aromatics stabilizes, whereas paraffins and heavier compounds 

increase gradually. These results could imply that, although the selectivity of paraffins and heavier compounds are 

initially lower than selectivity to aromatics, a larger amount of catalyst (larger bed length) could still favor the selectivity 

to paraffins and heavier compounds. 

 

Figure 18. Comparison of CAT-1 results and model prediction. 

 

Figure 19. Distribution of the conversion and selectivity for the model adapted to CAT-1 results.  
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Figure 20. Results of the molar fraction distribution for the model adapted to CAT-1 results. 

3.3. Model for the CAT-2 

The model has also been implemented to the results obtained for CAT-2 in T3.4.2. The comparison between model and 

the experimental results in Figure 21 shows that the model is able to properly predict the behavior of the catalytic 

reaction at the selected fixed conditions. In Figure 22, similarly to the behavior of CAT-1, the distribution of the 

conversion increases gradually up to a 27 %, C1 selectivity decreases gradually (C1 = CH4 + CH3OH), and the selectivity 

to olefins reaches a maximum in the initial zone of the reactor to decreases afterwards as a consequence of the 

aromatics and paraffins formation. The selectivity to aromatics and paraffins promptly stabilizes, while the selectivity 

to heavier compounds (C2-C4 and C5+) increases gradually, but slower than for CAT-1. In this CAT-2, the olefin 

transformation is faster than by CAT-1 and, as the activity of this olefins is near to zero, the transformation in the other 

products is gradually deactivated. 

 

Figure 21. Comparison of CAT-2 results and model prediction. 
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Figure 22. Distribution of the conversion and selectivity for the model adapted to CAT-2 results. 

 

Figure 23. Results of the molar fraction distribution for the model adapted to CAT-2 results. 

3.4. Electrochemical Membrane Reactor 

The results and comparison between the different electrochemical phenomena proposed in section 2.2.2 (i.e.: pure H2O 

electrolysis and pure CO2 electrolysis) and the model implementation of the catalyst systems (CAT-1 and CAT-2) are 

depicted in Figure 24. The decrease of the conversion due to the low WGS reaction advance is the net effect observed 

in Figure 24a as a consequence of the electrical current application. Besides, Figure 24b,c shows the impact of the 

electrochemical phenomena in the reactive process, shifting the WGS reaction. The selectivity to CO2 decreases with 

the applied current because of the CO2 electrolysis, and the hydrocarbon selectivity increases, specially for CAT-1. 

Therefore, the electrochemical extraction of H2O to generate H2 or the electrochemical extraction of CO2 to generate 

CO are shifting the WGS reaction.  

The overall hydrocarbon yield represented in Figure 25a reveals a slight increase with the coupling of the 

electrochemical membrane. Regarding the influence of the applied current density in the hydrocarbon distribution, 

Figure 25b-f indicates that it does not present significant effects due to the electrochemical process. Since the 
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hydrocarbon production reaction is mainly kinetics controlled, the impact of the extraction of a product (H2O in this 

case) or the injection of reactive (CO and H2) is lower than for thermodynamically controlled reactions. Besides, it is 

demonstrated that there is no difference between the consideration of the different electrochemical phenomena (H2O 

or CO2 electrolysis). 

 

 

Figure 24. Electrochemical membrane reactor results for both catalytic systems. 
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Figure 25. Hydrocarbons yield for the different electrochemical membrane reactors and catalyst systems. 

3.5. Conclusions 

An adaptation of a model has been built for the CO hydrogenation reaction system proposed. Although the model shows 

good predictions considering two different catalyst systems, the model would require higher number of experimental 

results considering parametric study of the conditions and the feeding with individual catalyst system for a suitable 

fitting. 

 

4. Overall conclusions 
 

Several materials and systems have been synthesized, manufactured and tested in order to select the most suitable 

materials for the SEOS integrated in a STA reactor. 8YSZ is the state-of-the-art material, well known for high temperature 

SEOS applications. The substitution of Y by Sc permits superior transport properties at the lower working temperatures 

required for the STA reaction (ca. 400-450 °C). As it is well known by following Wagner’s equation, the performance of 
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the bulky tested electrolyte (660 μm thick) can be improved by decreasing the thickness, which will be considered in 

the scale up tests.  

Moreover, ceria based electrolytes have been considered, based on previous results in the group, where a full cell made 

of CGO-Cu/CGO/BSCF was tested at intermediate/high temperatures. In this work, the temperature range has been 

extended to assess the possibilities of use in CO2SMOS SEOS for a STA reactor. A dramatic increase in the electrolyte 

resistance is observed, especially at 450 °C, but the cell architecture configuration leaves room for improvement. 

Cathode supported cells, consisting in porous CGO-Cu are being designed and tested, and techniques as RF sputtering 

and spray coating are being used for the deposition of a thin layer of electrolyte.  

Finally, high oxygen conducting materials based in Bi-oxides (Bi2O3 and BiMeVOx families) have been proposed and 

tested at low temperature. Despite their good transport performance, the actual incompatibility with electrode 

materials at high temperature (necessary for fabrication) and attachment issues (as a consequence of different thermal 

expansion coefficient) prevent their direct use. Protective thin layers are being studied in order to improve both, 

compatibility, stability and manufacturability.  

 

Secondly, the SEOS design and operation regime has been assisted by 1D modelling, in which electrochemical models, 

STA kinetics and mass/heat transfer among the different reaction chambers and interfaces are included. 

The results and comparison between the pure H2O electrolysis and pure CO2 electrolysis and the model implementation 

of the catalyst systems (CAT-1 and CAT-2) conclude that electrochemical extraction of H2O to generate H2 or the 

electrochemical extraction of CO2 to generate CO are shifting the WGS reaction, which is thermodynamically limited, 

and not the STA reaction (kinetically controlled). 

The coupling of the electrochemical membrane slightly increases the overall hydrocarbon yield. Since the hydrocarbon 

production reaction is mainly kinetics limited, the impact of the extraction of H2O or the injection of reactive (CO and 

H2) is lower than for thermodynamically controlled reactions. Besides, no difference between the electrochemical 

phenomena (H2O or CO2 electrolysis) is observed. 
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Annex 

Kinetic coefficient of the adaptation 

Table 5. Kinetic coefficients of the adaptation of the model to each catalyst system 

Term units CAT-1 CAT-2 

Kinetic coefficient    
WGS mol/s/bar^2/gcat 0.5 0.5 

Methanation mol/s/bar^3/gcat 5.00E-10 1.00E-09 

Methanol formation mol/s/bar^2/gcat 6.50E-07 1.25E-06 

Olefins mol/s/bar^2/gcat 2 2.5 

Paraffins mol/s/bar^2/gcat 1.50E-04 5.00E-04 

Aromatics mol/s/bar/gcat 2.00E-03 1.25E-02 

Adsorption constants    
CO bar^-1 1 1 

CO2 bar^-1 1 1 

H2 bar^-1 1 1 

H2O bar^-1 1 1 
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