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Our results were the first to explain the H20 and CO2 competition on the perovskite electrodes
surfaces. We have concluded that humidified air can suppress the formation of carbonate phase and as
a result extend the electrodes” durability.

The project addressed the problem of environmental degradation of SOFCs
electrodes operating in air conditions. Air consists of N2, 02, C02, H20 and other molecules. While
N2 is mostly inert, CO2 and H20 can be significant competitors for adsorption sites on the electrode

surface. We have investigated the co-adsorption of H20 and CO2 with 02. We understood that H20 has
promoting effect for oxygen exchange while C02 leads to the formation of carbonate phase that blocks
the electrode surface. H20 and C02 are natural competitors and H20 on the surface can significantly
delay or suppress the carbonate phase formation. At low air humidity the carbonate phase is formed,
at high air humidity the carbonate phase is suppressed. Our theoretical results were verified by
experimental observation of wet and dry CO2 interacting with the electrode surface. We have compared
theoretical and experimental IR spectra and we monitored the formation of the carbonate. Results
are published: J. Mater. Chem. A
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The project addressed the problem of environmental degradation of SOFCs electrodes
operating in air conditions. Air consists of N2, 02, CO2, H20 and other molecules. While
N2 is mostly inert, CO2 and H20 can be significant competitors for adsorption sites on
the electrode surface. We have investigated the co-adsorption of H20 and CO2 with O2.
We understood that H20 has promoting effect for oxygen exchange while CO2 leads to
the formation of carbonate phase that blocks the electrode surface. H20 and CO2 are
natural competitors and H20 on the surface can significantly delay or suppress the
carbonate phase formation. At low air humidity the carbonate phase isformed, at high air
humidity the carbonate phase is suppressed. Our theoretical results were verified by
experimental observation of wet and dry CO2 interacting with the electrode surface. We
have compared theoretical and experimental IR spectra and we monitored the formation
of the carbonate. Results are published: J. Mater. Chem. A, 2018,6, 22662-22672.

Figure 1. Competative coadsorption of 02, CO2 and H20 on SrTiO3 surface.

Our purpose was to investigate and understand the mechanism of electrode surface
degradation in air. Our results have shown that the formation of carbonate leads to low
oxygen exchange rates. On the other hand, surface water can promote oxygen exchange.
We investigated the interplay between O2, CO2, and H20 on the perovskite surface.

In this study Periodic, plane wave DFT calculations and first principle molecular
dynamics were performed with the Vienna Ab initio Software Package (VASP). The
Perdew—Burke-Ernzerhof (PBE) exchange-correlation functional was applied using
projector augmented wave pseudopotentials. Electron energies were converged to 105



eV using the tetrahedron smearing method with Bloch correction for bulk systems and
Gaussian smearing for surfaces. The calculations were performed with 400 eV cut-off
energy and Monkhorst—Pack k-points mesh of 6 x 6 x 4 for the bulk systems and 6 x 6 x
1 for the dab systems. Geometry optimization was performed using the conjugated
gradient algorithm. For bulk systems relaxation was performed of the cell volume, cell
shape, and atomic positions. For slab models, relaxation was performed for the atomic
positions only. Slabs were constructed using 8 aternating layers of SrO and TiO2 in the
[0 0 1] crystallographic directions. The coordinates of the atomsin the bottom four layers
(two SrO and two TiO2) were fixed, while the coordinates of the four layers (two SrO
and two TiO2) at each surface were fully relaxed. The relaxation was performed until the
forces converged to values bellow 0.03 eV A—2. Activation barriers for various reaction
mechanisms were obtained using the nudged elastic band method (NEB) combined with
the climbing nudged el astic band method (cNEB). In the process of NEB calculationsfive
images were used between the starting and ending geometries. Starting geometriesfor the
surface species were obtained using the computational annealing technique with first-
principle molecular dynamics.

Based on the Langmuir adsorption theory we have built a thermodinamic model for the
CO2 and H20 compstition for surface sites on the SrTiO3 el ectrode.

The CO2 occupied sites are given with the following equaiton where K are equilibrium
cnbstats and Pis partia pressure.
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The H20 occupied sites are given with the following equaiton where K are equilibrium
cnbstats and Pis partia pressure.
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Based on the equlibrium conatant computed with DFT activation energies and selected
pressures we estimated the following surface covarage for the CO2 and H20.
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Figure 2. Surface coverage of CO2 and H20. (A) PH20 = 10-5 in absence of CO2; (B)
PCO2=3.9 x 10—4 in absence of H20; (C) PH20=10-5and PCO2 =3.9 x 10—4; (D)
PH20=10-6 and PCO2=3.9 x 10—4; (E) PH20=10-4 and PCO2 = 3.9 x 10—4.

We should note that in this work we limit our research to several abundant moleculesin
the atmosphere: 02, CO2, and H20. However, depending on the geographical location,
the atmospheric air may contain other molecules which can affect the surface composition,
chemical properties and operation of devices with perovskite electrodes. Various NOx
and SOx compounds can be found in the air close to sites with volcanic activity and large
cities with thermal power plants and intensive automobile traffic and their effect on
perovskite surfaces remain unclear.
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