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Conventional Ni/yttria stabilized zirconia (YSZ) fuel electrode 

supported solid oxide electrolysis cells (SOECs) demonstrate 

acceptable long-term durability when operated at below -1 A/cm
2
. 

These cells suffer however severe degradation at above -1 A/cm
2
, 

where a large part of the cell resistance increase is associated with 

the Ni/YSZ electrode. In this work, by introducing Ce0.8Gd0.2O2-δ 

(CGO) nanoparticles into the Ni/YSZ electrode, we reduce the cell 

degradation down to 39 mV/kh when operated at 810 
o
C and -1.25 

A/cm
2
. A steam supply failure at 4000 h causes certain damage to 

the cell, resulting in higher degradation in the second half of the 

one-year period. A degradation-mitigation strategy is successfully 

tried out by increasing the operating temperature to 836 
o
C 

eventually. The test is successfully terminated after reaching one 

year, demonstrating an average degradation rate of 39 mV/kh over 

the one-year period. The current work shows the potential of 

modifying conventional SOEC cells for use in high current density 

electrolysis applications. 

 

 

Introduction 

 

Solid oxide electrolysis cells (SOECs) convert electrical energy to chemical energy 

stored in H2 and/or CO and have a great potential to become a key enabling technology in 

the transition towards renewables (1). The key challenges for the successful 

commercialization of SOEC are the limited long-term durability and cost (2). To ensure 

high production rate and hence reduce the investment cost, operation at high current 

densities needs to be explored (3). Conventional Ni/yttria stabilized zirconia (YSZ) fuel 

electrode supported SOEC cells demonstrate acceptable long-term durability when 

operated at below -1 A/cm
2
, with a number of tests running for years (3, 4, 5, 6, 7). These 

cells suffer however severe degradation when operated at above -1 A/cm
2
, where the 

major degradation phenomena are reported to be delamination of the oxygen electrode (8), 

crack formation in the YSZ electrolyte (8), depletion of Ni in the active Ni/YSZ electrode 

(7), deterioration of the Ni-YSZ interface (9), and formation of ZrO2 nano-particles on Ni 

surface (9). A large part of the cell resistance increase is associated with the Ni/YSZ 

electrode (3, 7).  

 

We have recently developed a relatively simple procedure to reduce the cell 

degradation when operated for the electrolysis of steam at high current densities (10). By 



 

 

introducing Ce0.8Gd0.2O2-δ (CGO) nanoparticles into the Ni/YSZ electrode via solution 

infiltration, we were able to reduce the cell degradation at 800 
o
C and -1.25 A/cm

2
 from 

699 mV/kh for the cell with the bare Ni/YSZ electrode to 66 mV/kh for the cell with the 

CGO infiltrated Ni/YSZ electrode. It is speculated that the CGO nano-particles facilitate 

the steam splitting reaction at the Ni/YSZ triple phase boundaries (TPB), reduce the 

electrode polarization and effectively mitigate the microstructural deterioration typically 

seen in the non-modified Ni/YSZ electrodes. The same infiltration method has also been 

applied to Ni/YSZ supported SOEC cells with different types of oxygen electrodes, tested 

at various conditions, all demonstrating reduced degradation at current densities above -1 

A/cm
2 

(11, 12).  

 

In our previous work, we reported the 3000 h test results on the cell with CGO 

infiltrated Ni/YSZ electrode (10). The test was continued under the same electrolysis 

condition, reaching a total testing period of one year at 800 
o
C and -1.25 A/cm

2
. Detailed 

electrochemical characterizations were conducted along the way in order to clarify the 

cell or electrode degradation mechanisms. Here we report the results of the full test, 

focusing on the periods from 3000 h onwards.   

 

 

Experimental 

 

Cell Information 

 

The cells tested in this work were Ni(O)/YSZ fuel electrode supported SOECs 

manufactured from the same production batch. These cells consist of a NiO/3 mol.% 

Y2O3 stabilized ZrO2 (3YSZ) mechanical support layer (∼300 µm in thickness), a NiO/8 

mol.% Y2O3 stabilized ZrO2 (8YSZ) active fuel electrode (∼10 µm), an 8YSZ electrolyte 

layer (~8 µm), a CGO10 (Ce0.9Gd0.1O1.95) inter-diffusion barrier layer (~5 µm) and a 

LSCF/CGO (LSCF: La0.6Sr0.4Co0.2Fe0.8O3-δ) composite oxygen electrode (~25 µm). The 

cells were produced in a footprint of 12 × 12 cm
2
, and were further cut into a footprint of 

5.3 × 5.3 cm
2
 with an active oxygen electrode area of 4.0 × 4.0 cm

2
. 

 

Before infiltration, the cells were first reduced in a cell test house. The reduction and 

testing procedure is described in the section below. The detailed infiltration procedure 

has been reported in our previous work (10). Here only a short summary is provided. For 

CGO infiltration, a composition of Ce0.8Gd0.2O1.9 was adopted. The CGO precursor 

solution was prepared by mixing Ce- and Gd-nitrate (Alfa Aesar) solutions in a molar 

ratio of 8:2 to obtain a 0.3 mol/l solution. A surfactant, PE-L62 (Sigma-Aldrich) was 

added (1.4 wt.% per weight of solution) to improve the wetting of the structure. The CGO 

precursor solution was spread over the entire surface (5.3 × 5.3 cm
2
) of the Ni/YSZ 

electrode. The remaining solution was removed from the surface. The cell was then 

placed in a pre-heated furnace at 200 
o
C and heated to 300 

o
C at a rate of 5 

o
C/min, with a 

dwelling time of 12 min. The cell was then cooled down to 200 
o
C and subsequently 

removed from the furnace. The infiltration procedure was repeated a couple of times to 

reach a loading of 125 mg CGO per 1 cm
3
 Ni/YSZ backbone (Ni/YSZ support + active 

electrode). 

 

 

 



 

 

Testing 

 

The reduction and testing of the cell was conducted in a test rig at DTU. Detail on the 

cell test rig and test house is described elsewhere (13, 14). The cell was placed inside an 

alumina test house, further sandwiched between gas distribution layers (corrugated Au 

and Ni meshes on the oxygen electrode and fuel electrode side, respectively), current 

collector layers (Au and Ni foils on the oxygen and the fuel electrode side, respectively). 

For sealing, an Au frame was used to seal the fuel electrode compartment, whereas no 

seal was used on the oxygen electrode side. A 4 kg weight was applied on top of the test 

house to ensure gas-tight sealing and electrical contact between the cell and the contact 

components. Two thermo-couples were placed inside the test house, close to the cell or 

the contact component, with one close to the center of the cell (TCenter) and the other close 

to the corner (TCorner). Temperature variation was realized by controlling temperature of 

the furnace where the test house was placed in, with continuously monitoring TCenter and 

TCorner. In this work, TCenter is adopted as the actual cell testing temperature. 

 

For reduction, the cell was brought to 850 
o
C at 1 

o
C/min, with 20 l/h Ar to NiO/YSZ 

and 20 l/h air to LSCF/CGO. The NiO in the fuel electrode was reduced first in 20 l/h  

9 % H2 in N2 for 2 h and hereafter in 24 l/h pure H2 with 4 % H2O for another 2 h. 

Meanwhile, the air flow was increased to 140 l/h during reduction. The cell was then 

cooled down to room temperature, ready for infiltration. After infiltration, the cell was 

mounted in the alumina test house again and heated to 800 
o
C at 1 

o
C/min, with 50 l/h 

9 % H2 in N2 to Ni/YSZ and 50 l/h air to LSCF/CGO. After reaching 800 
o
C, the Ni/YSZ 

electrode was exposed to 24 l/h pure H2 with 4 % H2O for 2 h, with 140 l/h air to the 

LSCF/CGO oxygen electrode.  

 

The electrochemical performance of the cell was characterized at 800 
o
C both before 

and after the long-term durability test. DC polarization (iV) curves and AC 

electrochemical impedance (EIS) measurements were carried out with 24 l/h H2 with 4, 

20, 50 % H2O to the Ni/YSZ electrode and 50 l/h air or pure oxygen to the LSCF/CGO 

electrode. The long-term durability test was carried out at 800 
o
C and -1.25 A/cm

2
, with 

22.2 l/h H2O + H2 (H2O/H2 = 90/10) to Ni/YSZ and 50 l/h pure oxygen to LSCF/CGO. 

Assuming a Faraday efficiency of 100 %, a steam conversion of 42 % is obtained under 

the above-mentioned testing conditions. A solartron 1255 frequency analyzer was used 

for recording EIS at open circuit voltage (OCV) and under current. The EIS 

measurements were performed in a frequency range from 82451 to 0.08 Hz, with 12 

points per decade and further corrected using the short circuit impedance response of the 

test setup. Plotting and analyses of the testing data were performed using the in-house 

developed RAVDAV software package (15).  

 

 

Results and Discussion 

 

Test overview 

 

Figure 1 provides an overview of the entire test. The results of the first 3000 h has 

been reported previously, as Cell B2 in (10). A degradation rate of 66 mV/kh was derived 

based on the evolution of cell voltage over this period. As reported in our previous work, 

a non-modified cell was tested under similar condition (800 
o
C, -1.25 A/cm

2
, 70 % steam 



 

 

conversion), showing a degradation rate of 699 mV/kh. Further detail on the comparison 

of these tests and on the effect of CGO infiltration is referred to (10). 

 

An attempt to further reduce the degradation of 66 mV/kh observed on the CGO 

infiltrated cell was tried out at ∼1615 h. The cell was exposed to an OCV treatment at 707 
o
C (TCenter) for about one week. During this treatment, the gas flow to Ni/YSZ was 

adjusted to 13.3 l/h H2O + H2 (H2O/H2 = 90/10) whereas the one to LSCF/CGO was 

maintained as 50 l/h pure oxygen. After the treatment, the cell was brought back to the 

long-term testing condition again. The test was continued until ∼4000 h, where a steam 

supply failure took place. The cell was exposed to -1.25 A/cm
2
, but with very limited 

steam flow (22 % steam in H2) for 26 h. This resulted in a sharp voltage increase from 

1.36 to 1.61 V. After recovery of the steam supply, the cell showed significant activation. 

An OCV check was conducted at 4644 h. Afterwards the cell was brought back to the 

long-term testing condition. At ∼6870 h and ∼7770 h, the furnace temperature was 

increased by 10 
o
C, resulting an increase in TCenter from 816 

o
C to 826 

o
C, and from 826 

o
C to 836 

o
C respectively. The durability test was terminated at 8750 h. The cell was then 

brought to OCV, exposed to final performance characterization, and eventually cooled 

down to room temperature in protective gasses. Considering the durability testing period 

at -1.25 A/cm
2
, the cell voltage increased from 1126 mV at 0 h to 1470 mV at 8750 h, 

resulting in an average degradation rate of 39 mV/kh. TCenter increased from 810 
o
C at 0 h 

to 836 
o
C at 8750 h, including the 20 

o
C manual temperature increase.  

 

816 ˚C → 826 ˚C
826 ˚C → 836 ˚C

Steam supply failure

OCV check
OCV treatment

 
Figure 1.  Overview of the test. Time evolution of the cell voltage for the cell with the 

CGO-infiltrated Ni/YSZ electrode, tested at 810-836 
o
C (TCenter) and -1.25 A/cm

2
, with 22 

l/h of H2O + H2 (H2O/H2 = 90/10) to the Ni/YSZ electrode and 50 l/h O2 to the 

LSCF/CGO electrode.  

 

0-4000 h and OCV Treatment 

 

As reported in our previous work (3, 9, 16), when tested at -1.25 A/cm
2
, a major 

microstructure degradation & damage happens to the standard Ni/YSZ electrode: loss of 

contact between Ni and Ni and between Ni and YSZ particles, and Ni migration away 

from the electrolyte-electrode interface towards the Ni/YSZ electrode support. For the 

CGO-infiltrated Ni/YSZ electrode, the loss of contact is no longer observed (10). A 

major part of the remaining degradation is ascribed to the formation of a CeAlO3 phase, 

which is formed due to the reaction between Al2O3 from the sintering aid and the CGO 



 

 

particles on the Ni grains. The conductivity of CeAlO3 at 800 
o
C is reported to be at least 

2 orders of magnitude lower than that of CGO (17, 18). Transformation of CGO into 

CeAlO3 is hence believed to block the reaction sites and reduce the catalytic effects of the 

CGO nano particles deposited on Ni grains. According to thermodynamics calculations 

using the FACTSAGE software and databases (19), CeAlO3 is not stable at high PO2. An 

attempt to decompose CeAlO3 was tried out by exposing the Ni/YSZ electrode to 13.3 l/h 

H2O + H2 (H2O/H2 = 90/10) at 700 
o
C and OCV for one week, where the CeAlO3 phase 

should in principle decompose into CeO2 and Al2O3. Figure 2 plots the cell voltage and 

TCenter for the period 0-3900 h. The OCV treatment takes place between 1615 and 1800 h. 

TCenter increases slowly from 810 
o
C at 0 h to 813 

o
C at 3900 h. The average cell voltage 

degradation rate is calculated as 59 mV/kh for 0-1500 h and 61 mV/kh for 2000-3900 h. 

It seems that the OCV treatment has no clear effect on the cell voltage degradation. 
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Figure 2.  Time evolution of the cell voltage for the period 0-3900 h at -1.25 A/cm

2
 with 

22.2 l/h of H2O + H2 (H2O/H2 = 90/10) to the Ni/YSZ electrode and 50 l/h O2 to the 

LSCF/CGO electrode. At 1615-1800 h, the cell was exposed to the OCV treatment at 706 
o
C, with 13.3 l/h of H2O + H2 (H2O/H2 = 90/10) to the Ni/YSZ electrode and 50 l/h O2 to 

the LSCF/CGO electrode. 

 

Figure 3 plots the iV curves measured before and after the OCV treatment. The two 

curves overlap with each other at current densities below -0.5 A/cm
2
, while the one 

measured after treatment shows slightly poor performance at high current densities. It 

should be mentioned that the difference is however very small. The measured OCV drops 

from 866 mV before treatment to 864 mV after treatment. Figure 4 presents the Nyquist 

and DRT plots of the EIS measured before and after the OCV treatment. A minor 

increase in both Rs and Rp is observed after treatment. In the DRT plot (Figure 4b), two 

small changes are visible: one in the frequency range of 0.1-2 Hz, corresponding to the 

gas conversion in the Ni/YSZ electrode, and the other in 3000-20,000 Hz, corresponding 

to mainly the ionic conduction and the hydrogen evolution reaction (HER) processes at 

the triple phase boundaries (TPBs) of the Ni/YSZ electrode. In both cases the 

characteristic frequencies remain unchanged. The gas conversion resistance decreases 

slightly, probably due to Ni coarsening and porosity increase, while the OCV treatment 

results in a slight increase in the Ni/YSZ electrode polarization resistance. In conclusion, 

the OCV treatment does not result in any significant change in cell degradation behavior. 



 

 

The observed small increase in cell resistance may simply due to the aging effect at high 

temperature (∼700 
o
C). Further post-mortem analysis and dedicated studies are required 

to clarify the effect of OCV treatment on the CeAlO3 phase formed on Ni grains. 
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Figure 3. iV polarization curves measured before and after the OCV treatment. The iV 

measurements were conducted at 807 
o
C (TCenter) with 22.2 l/h of H2O + H2 (H2O/H2 = 

90/10) to the Ni/YSZ electrode and 50 l/h O2 to the LSCF/CGO electrode. 

 

(a) (b)

 
Figure 4.  Impedance spectra measured before and after the OCV treatment: (a) Nyquist 

plot, (b) DRT plot. The impedance measurements were conducted at 807 
o
C (TCenter) with 

22.2 l/h of H2O + H2 (H2O/H2 = 90/10) to the Ni/YSZ electrode and 50 l/h O2 to the 

LSCF/CGO electrode. 

 

4000-6000 h 

 

In the current work the steam to the Ni/YSZ electrode is produced by burning O2 in 

H2. 22.2 l/h of H2O + H2 (H2O/H2 = 90/10) is realized by adding 10 l/h O2 into 22.2 l/h 

H2. At 3969-3995 h, a malfunction of the oxygen supply resulted in a reduced oxygen 

flow to the LSCF/CGO electrode (from 50 to 2.5 l/h) and also a reduced steam content in 

the H2O + H2 gas to the Ni/YSZ electrode (from 90 to 22 %). The cell was still exposed 

to -1.25 A/cm
2
, leading to a sharp voltage increase from 1.36 to 1.61 V. TCenter increased 

from 813 to 830 
o
C. After restoring the oxygen/steam supply, the cell showed a 

significant activation, as shown in Figure 5. The cell was brought to OCV at 4644 h and 



 

 

an iV characterization was carried out hereafter. The results are plotted in Figure 6, 

together with the iV curves measured earlier. According to the iV curves, the measured 

OCV reads as 875 mV at 0 h (the theoretical EMF is 881 mV), and drops to 866 and 864 

mV before and after the OCV treatment respectively. In these iV measurements, the 

measured OCV remains the same at the beginning and the end of each measurement. In 

the one conducted at 4644 h, the measured OCV is 852 mV at the beginning and drops to 

843 mV at the end. The cell OCV hence dropped 32 mV after ∼4600 h testing. It seems 

that the sealing deteriorates along with the long-term testing. Load cycling via iV 

measurements and steam starvation may further contribute to this. After the iV 

measurement at 4644 h, the cell was brought back to -1.25 A/cm
2
. The cell showed an 

average voltage degradation rate of 82 mV/kh at 5000-6000 h, higher than the ones 

before 4000 h. 
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Figure 5.  Time evolution of the cell voltage for the period 3900-6000 h, at ∼813 

o
C and -

1.25 A/cm
2
 with 22.2 l/h of H2O + H2 (H2O/H2 = 90/10) to the Ni/YSZ electrode and 50 

l/h O2 to the LSCF/CGO electrode. At around 4640 h, the cell was brought to OCV and 

exposed to an iV characterization. 
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Figure 6.  Comparison of the measured iV polarization curves. The iV measurements 

were conducted at 807 
o
C (TCenter) with 22.2 l/h of H2O + H2 (H2O/H2 = 90/10) to the 

Ni/YSZ electrode and 50 l/h O2 to the LSCF/CGO electrode. 



 

 

 

Figure 7 plots the measured EIS at three different time periods of the long-term 

testing: 0-1500 h, 2000-3500 h, and 5000-6500 h. From the Nyquist plot, it can be seen 

that among the three periods 0-1500 h has the largest increase in both Rs and Rp, and that 

2000-3500 h has the smallest increase. The DRT patterns of 2000-3500 h and 5000-6500 

h look similar, showing changes happening in the frequency ranges of 1-10 Hz (gas 

conversion), around 100 Hz (the LSCF/CGO polarization), 1000-10,000 Hz (the Ni/YSZ 

polarization). The DRT pattern of 0-1500 h shows additional change at above 10,000 Hz, 

corresponding to the process related to the ionic conduction in the Ni/YSZ electrode.  

 
(a) (b) (c)

 
Figure 7.  Time evolution of the measured impedance spectra at different stages of the 

electrolysis durability testing. (a) 0-1500 h, (b) 2000-3500 h, (c) 5000-6500 h. 

 

Beyond 6000 h 

 

At 6000 h, the cell voltage reached 1235 mV while TCenter reached 816 
o
C. The last 

part of the durability test is presented in Figure 8, together with the impedance spectra at 

selected time. At 6874 h, the cell voltage reached 1467 mV while TCenter remained at 816 
o
C. A low-frequency inductance loop starts appearing in the measured impedance spectra 

(816 
o
C-2 in Figure 8, highlighted by the blue circle). Similar phenomenon has also been 

observed and reported earlier (3, 9, 10, 16), when Ni/YSZ supported SOEC cells are 

tested under high current densities (above -1.25 A/cm
2
). The low-frequency inductance 

loop is tentatively ascribed to the reduction of YSZ in the Ni/YSZ electrode under high 

cathodic polarization. With standard Ni/YSZ electrodes, such low-frequency inductance 

loop appears after a few hundred hours testing at -1.25 A/cm
2
. In the current work, with 

CGO infiltration, it appears only after 6000 h testing. It is speculated that without the 

damage caused by steam supply failure such loop may not appear or appear at a much 

later stage. 

 

To further reduce the cell degradation, a strategy of increasing the cell operating 

temperature was tried out. The furnace temperature was increased by 10 
o
C at 6875 h, 

resulting in an increase of TCenter from 816 to 826 
o
C. The cell voltage decreased by ∼40 

mV, from 1468 to 1425 mV. The temperature increase and the associated voltage 

decrease results in disappearance of the inductance loop. Hereafter the same trend of the 



 

 

voltage degradation remained. The same operating strategy was repeated at 7770 h, 

where TCenter increased from 826 to 836 
o
C, and the cell voltage dropped from 1479 to 

1436 mV, a decrease of 43 mV. The voltage degradation rate is calculated as 58, 56, 40 

mV/kh for the periods of 6000-6500 h, 7000-7500 h, 8000-8500 h, respectively. It seems 

that increasing temperature is effective in postponing the appearance of the low-

frequency inductance loop in the measured impedance spectra which are associated with 

the microstructural damage in the Ni/YSZ electrode, though it appears again with time 

and with the degradation of cell. The controlling factor behind is probably the Ni/YSZ 

electrode polarization, which will be explored in our future work.     

 

816˚C-1

816˚C-2

826˚C-1

826˚C-2 836˚C-2

836˚C-1

 
Figure 8.  Time evolution of the cell voltage and temperature adjustments for periods 

beyond 6000 h, together with comparison of the impedance spectra measured before and 

after each temperature adjustment. The blue circles in the Nyquist plots highlight the low-

frequency inductance loop. 

 

Overall Degradation 

 

Figure 9 plots the iV curves when stepping up the current at the beginning of the 

durability test (0 h) and when stepping down the current at the end (8750 h). TCenter 

increased from 810 
o
C at 0 h to 836 

o
C at 8750 h, including 20 

o
C manual increase. The 

cell voltage increased from 1126 mV to 1470 mV, corresponding to an average 

degradation of 39 mV/kh. The OCV dropped from 874 to 820 mV. Figure 10 compares 

the impedance spectra measured at 0 h and 8750 h, both at -1.25 A/cm
2
. The 8750 h 



 

 

testing results in ∆Rs = 0.069 Ω cm
2
 (or 0.008 Ω cm

2
/kh), ∆Rp = 0.289 Ω cm

2
 (or 0.032 Ω 

cm
2
/kh), and ∆ASR = 0.358 Ω cm

2
 (or 0.040 Ω cm

2
/kh). From the DRT plots (Figure 

10b), it is clearly shown that changes happen over the entire frequency range of 0.01-

100,000 Hz. The most significant change is in the 100-10,000 Hz range, corresponding to 

the electrochemical processes in both the Ni/YSZ and the LSCF/CGO electrodes. Post-

mortem analysis of the cell will be carried out to identify the location and the extent of 

the microstructural changes. 
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Figure 9. Evolution of the cell voltage during stepping up the current at the beginning of 

the durability test and during stepping down the current at the end of test. Note that the 

cell temperature was around 810 
o
C at the beginning and 836 

o
C at the end. In both cases 

the cell was supplied with 22.2 l/h of H2O + H2 (H2O/H2 = 90/10) to the Ni/YSZ 

electrode and 50 l/h O2 to the LSCF/CGO electrode. 

 

 

(a) (b)

 
Figure 10. (a) Nyquist and (b) DRT plots of the impedance spectra measured at 0 h and 

8750 h of the electrolysis durability testing, at -1.25 A/cm
2
 with 22.2 l/h of H2O + H2 

(H2O/H2 = 90/10) to the Ni/YSZ electrode and 50 l/h O2 to the LSCF/CGO electrode. 

 

 

 

 

 



 

 

Conclusion 

 

In this work, a Ni/YSZ fuel electrode supported SOEC cell was tested for electrolysis 

of steam for one year. By introducing Ce0.8Gd0.2O2-δ (CGO) nanoparticles into the 

Ni/YSZ electrode via solution infiltration, we reduced the cell degradation down to 39 

mV/kh when operated at ∼810 
o
C and -1.25 A/cm

2
. The CGO nano-particles facilitate the 

steam splitting reaction at the Ni/YSZ triple phase boundaries (TPB), reduce the 

electrode polarization and effectively mitigate the microstructural deterioration typically 

seen in the non-modified Ni/YSZ electrodes. According to our previous studies, part of 

the remaining degradation is associated with formation of a poorly conducting CeAlO3 

phase, which is a reaction product between Al2O3 as the sintering aid and the CGO 

particles on the Ni grains. An effort to mitigate this part of degradation was explored, 

though not successful. The test was continued hereafter and a steam supply failure at 

3969 h caused certain damage to the cell and resulted in a higher degradation rate in the 

second half of the one-year test. A degradation-mitigation strategy was successfully tried 

out by increasing the cell operating temperature eventually to 836 
o
C. The test was 

successfully terminated after reaching one year, with cell voltages of 1124 and 1468 mV 

at the beginning and end of the test, corresponding to an average degradation rate of 39 

mV/kh over the one year period. The current work shows high potential for modifying 

conventional SOEC cells for use in high current density electrolysis applications. 
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