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This thesis concerns determination of oxygen storage-related properties, as well as

other, basic physicochemical characteristics in a group of candidate oxygen storage
materials (OSM), having perovskite-type crystal structure. Series of cation-ordered Mn-
based oxides with a general formula of BaLnMn20Os+s (Ln: Pr, Nd, Sm, Gd, Dy, Er and Y),
Ln-site substituted BaYi1.xLniMn20s5+s (Ln: Pr, Sm, Gd), and doubly doped materials
belonging to Bao.oSro.1YixLniMn20s+s5 group, and additionally, selected Co- and Fe-
containing oxides were characterized in terms of their crystal structure in oxidized and
reduced state, structural evolution on temperature and oxygen content. Thorough studies
concerning their oxygen storage properties, with oxidation and reduction characteristics
recorded as a function of temperature, kinetics of the oxidation/reduction determined from|
the isothermal studies, as well as reversible oxygen storage capacity (OSC), constitute a
main part of the experimental work. Complementary research on microstructure and
morphology of the prepared materials, oxidation state of the manganese cations, as well as
electrical conductivity and Seebeck coefficient dependence on temperature was also
conducted for selected samples. An attempt to elucidate correlation between the chemical
composition of the considered oxides and their physiochemical properties influencing
oxygen storage performance have been conducted. The performed in this thesis studies
allowed to select the best candidate materials, having high and reversible OSC, which
surpass the currently commercialized compounds.
At the beginning of the thesis, introduction to currently, commercially used oxygen
production and storage methods and to oxygen storage materials is given together with &
description of the mechanism of incorporation and release of the oxygen into/from the
oxides, with following information about four particular OSM systems. Selected
applications of the oxygen storage materials (three-way catalytic converters, chemical
looping processes, flameless combustion of hydrocarbons) are discussed. Due to the fact|
that the considered compounds exhibit perovskite-type crystal structure, either with or
without cation ordering, a detailed information about structural properties of the parent|
IABOs-type, as well as cation-ordered (AA'B20s, A2BB’O¢) perovskites, and A2B20s-type
brownmillerites are shown. Additional data concerning oxygen nonstoichiometry,
transport and magnetic properties of such oxides are also given.

Preparation methods of the materials are described together with experimental
techniques used for characterization of the synthesized compounds: X-ray diffraction
(XRD) and neutron diffraction methods with Rietveld analysis of data, performed at room
temperature and at elevated temperatures in various atmospheres, thermogravimetric
(TG) analysis conducted as a function of temperature, with isothermal studies executed|
with a change of atmosphere between synthetic air and 5 vol.% Hz in Ar, microstructural
studies using scanning electron microscope (SEM), with additional measurements of the
specific surface area by BET technique, X-ray photoelectron spectroscopy (XPS) studies, as
well as electrical conductivity and Seebeck coefficient measurements.

Research results obtained by author of this thesis are gathered in five following
chapters. Detailed information about crystal structure of the oxidized and reduced
compounds is shown. Significantly smaller unit cell volume, measured for all the oxidized|
samples in relation to the respective reduced ones, was explained as originating for a
stronger bonding between manganese and oxygen, and smaller average ionic radius of Mn
in the oxidized BaLnMn2Os, resulting in a decreased Mn-O bond length.
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Material with the smallest introduced Er3* lanthanide cations exhibits the least
change of volume wupon oxidation. For selected materials additional structural
measurements as a function of temperature were conducted, which allowed to observe in
situ transformations ongoing during the oxidation process. Precise neutron diffraction
measurements conducted in Helmholtz Zentrum Berlin in atmosphere of 5 vol.% Hz in Ar
allowed for in-situ observation of the reduction process and determination of the
mechanism of the oxygen release Furthermore, possibility of reduction under low vacuum
environment (~ 100 Pa) at elevated temperatures of the oxidized samples was also
researched. The performed XPS studies indicated presence of manganese cations having
different oxidation states and modification of chemical environment of the elements,
between the reduced and oxidized samples. Analysis of the microstructure of the obtained
powders was performed, in order to have fully-characterized samples for the TG studies
used for comprehensive characterization of all compounds in terms of their oxygen
storage-related properties. In all of the cases, close to theoretical value of the OSC was
recorded during isothermal experiments performed at 500 °C with the atmosphere change
between synthetic air and 5 vol.% H2 in Ar gas mixture, corresponding to the change
between fully oxidized and fully reduced materials. The recorded reversible capacities
correlate well with a molar mass of the compounds, being the highest for
Bao.9Sro.1YMn20s+s (3.73 wt.%). It was documented that for all of the materials the
reduction process occurs much slower (on the order of minutes) than the oxidation
(seconds), and thus is limiting. Among studied oxides, the best performance was registered
for BaYo.75Pro.2sMn20s+s sample, for which the reduction time at 500 °C improved to 2.6
min on the 50th cycle of reduction/oxidation. Further tests proved an excellent stability of
this material. The recorded temperature dependence of the reduction time was interpreted
on a basis of oxygen diffusion in a bulk, and as such, allowed to calculate the activation|
energy of the ionic transport. It was also found that materials with larger grains show,
deteriorated kinetics of the reduction process. For the selected samples electrical
conductivity tests shows higher conductivity for oxidized sample then the reduced.

Possibility of a major improvement of OSC was explored in studies of properties off
Fe- and Co-containing oxides, which were characterized analogously as Mn-containing
materials. The highest OSC (exceeding 4 wt.%) was measured for Lao.sSro.4CoosFeo.20s3s,
while the fastest reduction speed at 500 °C (~ 2.3 min) was found for
Lao.5Sr0.5C005Fe0.503.5. The materials were also found to exhibit lower activation energy of]
the ionic transport. The compounds, however, were shown to suffer from insufficient
stability in reducing conditions, especially at higher (> 500 °C) temperatures, limiting
their possible application.

Conclusions based on the presented studies and given discussion are listed with
recommendations about future research on OSMs also included. It should be emphasized
that the recorded oxygen storage performance of majority of the considered materials
surpasses that of the commercial materials.

In addition, the thesis contains four appendixes. The first one is devoted to a highly-
precise structural identification of selected BalinMn20s+s, which was performed by
analysis of synchrotron data gathered at Argonne’s Laboratory Advanced Photon Source
(USA). Second appendix B contain additional information of neutron diffraction|
measurement setup and parameters of the structural refinements of the gathered data.
Appendix C presents information about submitted patent proposal concerning
improvement of OSMs by a high-energy milling process. Selected results of flameless
oxidation of CH4 with BaYMn20¢ used as the catalyst and oxygen carrier are also shown.
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