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Shares of renewable energy of solar and wind energy are expected to increase from 25% in 2018 to Sr-Fe-O Inflltrated LSM/YSZ Ce”S Under LSM/YSZ Ceu Operated Undel’ ReverS|b|e
more than 40% by 2040 in order to reduce dependency on fossil fuels and mitigate greenhouse gas - -
emissions. A T Ml Reversible SOFC/SOEC Operational Mode SOFC/SOEC

Keeping electric grids balanced for supply and demand, especially for smaller or more isolated

sections of grids with a larger share of intermittent renewable energy systems, is a significant : TSIV Taseiine cell s a0t et e et 01 oo s | 07me SrEe20 infltrated cell second SOEC cvele 93h
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challenge. Wind and solar energy supply strongly depend on weather patterns with intermittent and i
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Developing energy storage systems to balance electricity production and consumption is critical to . %\ . a5 \ ; i
reduce stress on the energy grid and to increase the share of renewable energy. | / 204 5OFC 930 d SOFC 0h o “Bld SOFC 931 34 505 o
Reversible solid oxide fuel cell and solid oxide electrolysis cell (r-SOFC/SOEC) systems capable of wm;rm“;mwm:f:‘j;";’;‘:dm 013 RN

both SOFC mode for power generation and SOEC mode for achieving energy storage within one 07 SUEC204 infiltrated el thind SOPC eyt ob 0125
reactor received widespread attention for the potential of being a cost effective, highly efficient and

promising electrical energy storage technology3®in multi-energy distributed systems.
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Application of a r-SOFC/SOEC system in the energy grid will be challenged for its long-term stability . /‘ mx n. . T.: | ii iii W\\
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since r-SOFC/SOEC operation involves both SOFC and SOEC operation, for which performance 06

degradation may be worse. 200 400 600 800 1000 1200 1400 31d SOEC 0h
Infiltration of nanoparticles in the O, and H, electrode has been proven to be important in the Time (h) > Impedance/polarization resistance decreases at each SOFC cycle further demonstrated
development of high-performing electrodes, giving them suitable microstructure for oxygen » LSM/YSZ baseline cell’s performance degraded by 11.6% after four cycles of reversible that SOFC cycles recovered some performance loss caused by SOEC cycles.

reduction or fuel oxidation. Infiltration enhances the catalytic activity via fine-dispersed SOFC/SOEC operation. The LSM/YSZ baseline cell air electrode delaminated from the » Impedance/polarization resistance of each SOFC cycle at Oh were higher than that of
last SOFC cycle at 96h, which indicates the cell’s performance degradation was mainly

nanoparticles and increases ionic and/or electronic conductivity via connected particles of fuel cell electrolyte after only four cycles of r-SOFC/SOEC operation.
caused by the SOEC cycle.
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Sr-Fe-O infiltrated cell showed no visible delamination in the air electrode after six denoted that performance degradation mainly occurred during SOEC cycles.
P u r p O S e Of th e St u d y cycles of r-SOFC/SOEC operation. Sr-Fe-O infiltration in the air electrode significantly ]

improved the cell’s performance for the SOEC cycle and extended r-SOFC/SOEC cycle TE M St U d 1eS ON H2 EI eCt 'O d e fo I

operational duration without air electrode delamination.
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LSM/YSZ cell.

» Evaluate nanostructure of Sr-Fe-O infiltrated LSM/YSZ cell before and after long-term test B as el | ne Cel | un d er r-SO FC/SO EC

through TEM/HRTEM studies and analysis.
» Gauge improved performance and performance stability of Sr-Fe-O infiltrated cells. Op eratl O n
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Commercially available Nexceris cells were used in this study:
» Air electrode: LSM[(La0.85r0.2)0.98MnQO3] / LSM-YSZ active layer
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Infiltration of nanomaterials in LSM/YSZ cells: _ T 0 100 1000 10000 100000 S T——ISVI¥SZ basiine cel irer SOEC eyeie 08 » A large number of NiO clusters relocated into the original pore region. Ni migration
Frequency (H2) T LSM/YSZ basline cel scond SOEC eyele Oh manifested by the formation of secondary phases of NiO at the original pore region.
o —ggm;::::::::::::::;ggggggﬁ:ggh » NIO relocation occurs at the YSZ surface.
» If NiO is reduced to Ni, Ni migration could temporarily result in the addition of new
O/ ——second soEC s0n TPBs for SOFC operation. NiO formed in the H, electrode of uninfiltrated and infiltrated
First SOEC 92h cells during SOEC operational cycle subsequently reduced to Ni during SOFC cycle

.y which may explain recovered performance.
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Operating Conditions:
» SOFC operational mode: 800 °C, 0.5 A/cm2 current load, dry H, Impedance/polarization resistance of each SOFC cycle at 0 h were higher than the last
SOFC cycle at 96 h, which denoted that the SOEC cycle contributed most to

» SOEC operational mode: 800 °C, 0.5 A/cm? current load, 60% steam in H, electrode .
performance degradation.
» SOFC cycles recovered some performance loss caused by SOEC cycle operation.

TEM/HRTEM studies and analysis: L . L
Impedance/polarization resistance of each SOEC cycle at 0 h was significantly lower Most of the performance loss during a prior SOEC cycle was recovered at 24h of

» Nanostructure changes of Sr-Fe-O infiltrated cell before and after test by TEM/HRTEM than the last SOEC cycle at 96 h, which demonstrated that an SOFC cycle recovered .
. . SOFC operation.
part of the performance loss suffered during the prior SOEC cycle.
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Particle size: 50-100 nm
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Solvent: aqueous citric acid solution
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Chemical precursors: metal nitrate (0.125 — 0.25 M)
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» Overall cell performance degradation of both uninfiltrated and infiltrated LSM/YSZ
cells was mainly attributed to SOEC cycle operation.

» NIO formation in the H, electrode during a SOEC operational cycle could cause cell
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