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Power-to-X

• Increase share of renewables in the energy mix

Germany week 42 – 2022 – max. ~77% 

• Sector coupling as option to flexibilize the energy system

• Power-to-X : conversion of renewables into fuels and other

commidity chemicals

➢ shift in time and space energy!
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Source DLR

Power Generation Germany – week 42 – 2022
Source Fraunhofer ISE 



Introduction: Solid Oxide Cells for Power-to-X
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Cathode Support

➢ Thin electrolyte (~10µm)

➢ Ni – YSZ Cermet fuel

electrode

➢ Top ~ 700 - 800°C

➢ Limitation: redox stability, operation with

carbonaceous fuels, sulfur poisoning…

Electrolyte Support

➢ Thick electrolyte (~100µm)

➢ Ni – GDC Cermet fuel

electrode

➢ Top ~ 800 - 850°C

➢ Limitation: performance mostly governed by ohmic

resitances due to electrolyte thickness…

D.M. Amaya Dueñas et al.,Chem. Ing. Tech. 2020, 92, No. 1–2, 45–52, 10.1002/cite.201900119



Electrolyte Supported Cell
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SOEL Systems
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H2O/CO2 Electrolysis
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M. Lang et al., 2021, ECS Trans. 103, 2041, 10.1149/10301.2041ecst 

Solid Oxide Cells : reversible under all aspects ?

SOE (8950 hrs) : + 56 mV / kh (+0.15%/kh) 

SOFC (8950 hrs) : -131 mV / kh (-0.53%/kh) 

Operation of a 30 layers Stack

➢ SOC can be operated either in 

Fuel Cell or in Electrolysis

➢ Reverse operating mode may

have different impacts on cell

performance and durability

➢ Electrolysis may trigger different 

degradation mechanism

determining for the lifetime of

SOC systems

➢ Cause of degradation may be

endogenous or exogenous
loss of sealing



Alternative fuel electrode materials
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Alternative fuel electrode materials (1/3)

100 nm

Ni0

D.-M. Amaya-Dueñas et al., Journal of Materials Chemistry A, 2021,9, 5685-5701, 10.1039/D0TA07090D 

➢ Development of dimensionnaly stable fuel electrodes in 

dual atmosphere

➢ Perovskite electrocatalyst decorated with nano particles 

of metallic Ni on the surface via the exsolution

process. 𝑳𝟔𝟓𝑺𝑪𝒓𝑵: (𝐿𝑎0.65𝑆𝑟0.3)(𝐶𝑟0.85𝑵𝒊𝟎.𝟏𝟓)𝑂3−𝛿

➢ Sintering/co-sintering with LSCF oxygen electrode

possible (e.g. ~1100°C)

➢ A-site deficiency promotes reducibility of the perovskite

➢ The morphology of Ni particles depends on pO2 

➢ Particle – Particle interaction prevails in operating

condition

➢ Coarsening at high Top but marginal impact on the

performance in co-electrolysis



Alternative fuel electrode materials (2/3)
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➢ Contacting & lateral conductivity is crucial for cell/stack integration 

i.e. there is a minimal thickness that maximizes the active fuel electrode 

volume and minimizes RΩ and Rpol [1]

➢ Promising performance & durability in co-electrolysis on 16cm² 

cells (+3.2mV / 1000 hours) [2]

➢ Higher degradation is observed in steam electrolysis (+48mV / 

1000 hours) [3]

➢ Degradation of ohmic origin due to cation diffusion in the perovskite [3]

➢ Degradation governed by T, overpotential, pH2/pH2O > endogenous

[1] M. Riegraf et al., ChemSusChem 2021, 14, 2401-2413, 10.1002/cssc.202100330
[2] D.-M. Amaya-Dueñas et al., Journal of Materials Chemistry A, 2021,9, 5685-5701, 10.1039/D0TA07090D
[3] D.-M. Amaya-Dueñas et al., ACS Applied Energy Materials, 2022, 5, 7, 8143-8156, 10.1021/acsaem.2c00680



Alternative fuel electrode materials (3/3)

• Excellent catalytic properties of LSCrN fuel electrode 
compared to Ni-CGO cermet

• Apparent Ea of full cell decreases

• Degradation is reduced by decreasing operating 
temperature
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D.-M. Amaya-Dueñas et al., ACS Applied Energy Materials, 2022, 5, 7, 8143-8156, 10.1021/acsaem.2c00680

!!! In ESC: 
cell performance is governed by electrolyte resistance !!!



Thin film barrier layers (1/3)
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3-YSZ SP-AS-FS PVD-AS-SP-
FS

PVD-AS-FS

N° of Samples 21 6 6 6

Sample 
thickness [µm]

86 ± 2 163 ± 1 159 ± 1 155 ± 1

Breaking force
[N]

100 ± 10 37 ± 3 66 ± 5 61 ± 4

traverse path 
[mm]

0.51 
± 0.02

0.32
± 0.02

0.43
± 0.01

0.41
± 0.01

➢ Ring on Ring Test (Uni. Bayreuth, Germany)

➢ + 78% Breaking force for cells with thin, dense 

PVD produced Layer on the oxygen electrode 

side

➢ No or marginal improvement when implemented 

on the fuel electrode side

➢ Reduction of residual thermal stress

➢ Reduction of the steady state energy release

rate

Stress engineering approach to increase

mechanical strength…

M. Riegraf et al. ACS Applied Materials & Interfaces 2021, 13, 42, 49879-49889, 10.1021/acsami.1c13899



➢Thin film CGO barrier layer (0.3µm) sufficient to prevent strontium 

zirconate at the oxygen electrode side

➢Solubility of the CGO in 3-YSZ electrolyte as a function of the 

sintering temperature / optimal thickness may be a function of the 

temperature and the roughness [1]

➢Validated on ESC cells 5 x 5 cm² at 860°C / 1000 hours [2]
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[1] M. Riegraf et al. ACS Applied Materials & Interfaces 2021, 13, 31, 37239-37251, 10.1021/acsami.1c11175
[2] M. Riegraf et al. ACS Applied Materials & Interfaces 2021, 13, 42, 49879-49889, 10.1021/acsami.1c13899

Thin film barrier layers (2/3)



Thin film barrier layers (3/3)

➢ Scaling-up and integration into a 30 cells “rainbow-

stack” for assessment and validation.

➢ 5000 hours SOFC operation with an average

voltage decrease of 0,6%/kH

➢ 5000 hours SOEL operation with an average voltage

decrease < 0,4%/kH
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5000 h SOFC Operation 5000 h SOEC Operation
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« Citius, Altius, Fortius - Communiter »

1988, 2018

„faster, higher, stronger – together“



Towards next generation
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Next generation ESC for P2X application

➢ Fuel electrode: Cermet > MIEC fuel electrode

➢ Oxygen electrode : ~ LSCF

➢ Electrolyte: 3 YSZ (90µm) -> 3 YSZ (<<90µm)

➢ CGO barrier layers : screen printed > Low T process

Objective: 

performance improvement over SoA 30 – 50% 

without compromise on the durability



Conclusion
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[1] G. Chen et al., Advanced Functional Materials, 2021, 2105702, 10.1002/adfm.202105702

➢ SOC are suitable for P2X applications 

➢Fuel Electrode are subject undergo specific degradation mechanisms when operated in 

electrolysis endogenous (T, pH2O and j (ηcat),  & exogenous (Si poisoning…)

Exogenous degradation >>> Endogenous degradation

➢ Lowering Top may reduce degradation aspects correlated with large overpotentials

➢ Propensity to degradation Ni-YSZ (CSC) >> Ni-CGO (ESC)

➢ Mixed Ionic and Electronic Conducting (MIEC) Fuel Electrodes present benefits over Ni 

cermet

➢ Key challenge is the integration of MIEC electrode in CSC and the scaling-up in ESC. Current 

collection and long term stability is still an issue. [1]

➢ Reducing the electrolyte thickness is an approach for higher performance ESC (ex: by 

reducing Top)
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