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The presented dissertation is aimed to clarify the structure of oxides with a perovskite-like
structure by neutron diffraction method

The goals and objectives of the dissertation work are clearly formulated:
-study of barium-cerate ceramics, which find application in solid oxide fuel cells (SOFC), which
offer perspective "green" technologies for direct conversion of the chemical energy of the fuel
into electricity.
-study of monolithic ceramic bifunctional electrodes based on oxide bifunctional catalysts with
application in SOFC (Lag gSro,MnO;_s (LSM), Lag ¢Sro.4Cog2Feq 303 (LSCF)).
-obtaining new experimental data to help understand the nature of magnetoresistance (MR),
orbital ordering (OO) and charge ordering (CO) effects in 50% hole-doped compounds, and also
the possible relationship with the phenomenon of phase separation.
1. The presented dissertation covers 142 pages, divided into 6 chapters. Within the framework of
the literature review, Chapter 1 presents the crystal and magnetic structure of ABOj; perovskites
and the efffects of mixed valences in bismuth manganates. Literature from 56 sources was used. 25
figures are represented.
2. In Chapter 2, a literature review is presented regarding the neutron diffraction method and the
Rietveld method as methods for determining the structure of perovskites, the exact localization of
oxygen in the crystal structure. Literature from 12 sources was used.

In conclusion, in the Theoretical part, the doctoral student cited 68 literary sources. These are
articles in reputable scientific journals, monographs and books written by leading specialists in
the field. The theoretical part consists 47 pages, which shows that the doctoral student is familiar
with the nature of the problem before starting the work on the dissertation.

In my comments to the presented Theoretical part, I would note that on page 40 and 41, the
equations are not numbered. Figures are not cited in the literature review.

3. Research that has a contributing nature is written in the Experimental part, consisting of three
chapters. In Chapter 3, the following results are presented;

3.1 Structural determination of BaCeg5Yy 503.5 (BCY1 5) as an oxide material for a solid-state
fuel cell by X-ray diffraction and neutron diffraction analysis.

The development of devices for the conversion and conservation of energy activity necessary
to provide "clean and sustainable energy" is based on the design, synthesis and maintenance of
new materials with suitable properties in terms of ionic and/or electronic conductivity, reduction
properties, catalytic etc. Structural characterization of these materials is of first and foremost
importance to achieve desired optimal properties. In this regard, diffraction methods are among
the main means of obtaining reliable information about structural characteristics and their



development under the influence of external factors (temperature, composition of the gas
ambient, pressure, etc.).

Fuel cells (FC) are electrochemical devices in which the chemical energy from the fuel is
converted into electrical and thermal energy, and the only waste product is water.

In solid oxide fuel cells (SOFCs), the cathode, anode and electrolyte are made of ceramic
materials. SOFCs offer a promising green technology of direct conversion of the chemical energy
of the fuel into electricity. SOFCs are characterized by the use of a solid oxide (ceramic)
component as an electrolyte.

BCY15 were obtained by the auto-combustion technique from metal nitrates and using urea
as a reducing agent. Calcination in the interval 1100-1150°C in an inert atmosphere with
complete elimination of CO, ensures obtaining a single-phase powder with the desired chemical
composition BaCegsY 15035 For the structural studies, IEES (Institute of Electrochemistry and
Energy Systems - BAS) delivered 9 cm® of the source material BCY15 (barium cerate) in powder
form and two types of BCY15-containing samples designated as "dense" and "porous" in the
form of pressed disc-shaped pellets with a diameter of 20 mm.

Based on X-ray structural and neutron diffraction (ND) analyses, the following conclusions
were drawn:

- performed ND and X-ray diffraction experiments show that the BCY 15-based materials are
anion-deficient perovskites.

- ND studies at different temperatures (20-480°C) show that the crystal structure of these
materials has orthorhombic symmetry, which does not depend on porosity and sintering
conditions. The oxygen vacancies in the structure remain randomly distributed at room
temperature.

3.2 Structural determination by the method of electron spectroscopy of barium cerate
BaCe.s5Y0.150;5.5 (BCY15) as a material for a solid oxide Sfuel cell.

The shape, size and arrangement of the particles are determined by transmission electron
microscopy (TEM). The diffraction pattern show the crystal structure, and scanning electron
microscopy (SEM) provides information on the morphology of the studied perovskites.

Study was carried out on two BCY15 powder samples before annealing and after annealing at
1000°C for 2 hours. ,

Based on the conducted research, the following conclusions were drawn:

- electron microscopic studies show that the temperature of 1000°C does not change the
morphology of the phase composition of BCY15.

- the structure of BCY15 based samples before and after annealing, according to the
PCPDFWIN database, #96-152-6754, correspond to the composition BaCeggsY( 10205 and
crystal structure: orthorhombic symmetry and space group Pmcn (62).

4. In Chapter 4, innovative rechargeable zinc-air cells (inov) are discussed.

The following results are presented:

4.1 Determination of the crystal structure of materials with catalytic properties regarding oxygen
reduction/oxidation processes.

A metal-air battery is a type of battery or fuel cell that uses the oxidation of metal with
atmospheric oxygen to produce electricity. The main camponents are an anode made of pure
metals such as lithium or zinc and an air cathode which is connected to the air source. Catalysts
in the air cathode support the electrochemical reaction with oxygen gas.

Nowadays, noble metal air catalysts are widely used. Such are platinum, gold, silver and
compounds of their alloys, because of the attractive high activity in practice. An amalgam
aluminum electrode is also used, which demonstrates a high discharge density. Generally, these
electrodes are preferred over ignoble metals because of their low cost. Binary and ternary oxides
with spinel, perovskite or other structures have also been studied.

Based on neutronographic studies conducted on powder samples of substances synthesized at
the Institute of Catalysis of the BAS (with index IC) and Marion Technology (with index MT and



without index): CO304_IC, Ni-NiC0204_IC, CO304_MT, NiCOzO4, Lag 6Sry 4Capg0s5 (LSCO),
Lag 6Sr9 4Coo 2Feg 303 (LSCF) and Lag §Sro2MnO; 5 (LSM) the following conclusions were drawn:

-The temperature-dependent neutronograms of the compounds LSCF, LSCO and LSM show
that the structural symmetry (rhombohedral symmetry with space group R-3c) does not change in
the studied temperature range (20-290K).

- Neutronograms of Co0304_IC and Co304_MT reveal the appearance of additional peaks at
23K and 25K arising from the antiferromagnetic arrangement of the atomic magnetic moments.

-Like the X-ray diagrams, the neutron diffractograms confirm that the investigated samples
are single-phase. An exception is the composition NiCo,04, in which the presence of metallic
nickel is manifested.

4.2 Structural characterization of LSM and LSCF perovskites as materials for novel carbon-free
gas diffusion electrodes

A new air electrode design is proposed for the so-called "monolithic" carbon-free gas
diffusion electrode (GDE), which avoids the traditional gas diffusion layer made of carbon
material and thereby reduces the corrosion rate.

Standard ceramic technology was applied to obtain a monolithic gas diffusion electrode
(GDE). The LSM and LSCF starting powders were mixed with pore-forming graphite (Timrex,
KS6) for 5 h per ball mill, after which a few drops of polyvinyl alcohol (PVA) were dropped as a
binder and the sieved 250 pm fraction was cold pressed and sintered. An aqueous
polytetrafluoroethylene (PTFE) emulsion was used for teflonization of one side of the
experimental tablet.

X-ray (XRD) and neutron (ND) diffraction methods were used for analysis.

Phase identification was done with Diffracplus EVA software using the International Center
for Diffraction Data (ICDD) PDF-2 database. Neutron diffraction patterns were analyzed by the
Rietveld method using the WinPLOTR application and the FULLPROF refinement package by
applying the profile matching mode followed by the full profile refinement of the structural
model. Scanning electron microscopy (SEM) was used to characterize the changes in the
microstructure of the materials and the influence of teflonization on the working characteristics of
the electrodes.

Based on the structural characterization of LSM and LSCF perovskites, the following
conclusions were drawn: ’

-The presence of oxygen vacancies in both parent perovskite-like compounds appears to be
optimal for mixed electron-ion conductivity properties.

- A decrease in the volume of the trigonal unit cell and a pronounced monolithic structure were
observed in the working LSCF-electrode. After teflonization, the two phases formed are
autonomous, and the agglomerate of dust particles compromises the structure of the electrode and
worsens its performance.

-The LSM-electrode, teflonized on one side, after a number of charge-discharge cycles, a
network of teflon fibers is formed that surrounds the particles, stabilizes the microstructure, the
unit cell practically remains unchanged and the preserved porosity ensures oxygen transport in
the battery, which explains the better its electrochemical characteristics and the mechanical
stability compared to the LSCF-electrode. i

4.3 Structural characterization of LSCO and LCCO perovskites as materials for novel carbon-
Jree gas diffusion electrodes

In LCCO, where the reduced size of Ca®" ions is smaller than La3+, the substitution causes a
decrease in crystal symmetry. At low temperatures, a phase transition from R3-c to Pnma occurs
as a function of doping, with a significantly large range where the R3-c and Pnma phases coexist.

Substituted mixed-valence phases La;.,SrxCoO;.5 have attracted attention as cathodes in solid
oxide fuel cells because they exhibit colossal magnetoresistance and because they provide
epitaxial electrodes for ferroelectrics.

The analysis of the obtained results leads to the following conclusions:



-Similar to the already discussed materials (LSM and LSCF), the crystal structure of LCCO and
LSCO have the same orthorhombic symmetry group, which does not change during the electrode
preparation and testing process.

-under the same preparation conditions of the electrodes, those prepared by LSCO show a much
better microstructure- they are porous to allow electrolyte and oxygen to pass, but at the same
time dense enough, which facilitates charge transfer.

5. Chapter 5 presents studies on mixed-valence substituted bismuth manganates.

The remarkable ability that distinguishes bismuth-based manganates from Re-manganates (Re
is a rare-earth cation) with a similar perovskite-like structure is the much higher charge ordering
(CO) temperature Tco. For BigsSrosMnQOs, the record temperature Tco=525K is reported for
manganates.

In the synthesis of bismuth rare earth manganates Big,sNdo5SrosMnO3 (BNSMO) and
Bio25Ndo 25Cag sMnO3; (BNCMO) the starting oxides and carbonates were taken Bi, O3, CaCOs3,
MnCO; and R,O; (R=La, Nd, Ho) in suitable pre-calculated weight ratios close to the
stoichiometric proportion taking into account the volatility of bismuth.

Neutron diffraction and X-ray difraction structural and magnetic measurements were carried out
in order to clarify the degree of substitution of diamagnetic Bi** with rare earth magnetic Nd**
ions in polycrystalline (BNSMO) and (BNCMO). It was established that:

-belong to the family of mixed-valent manganites, for which the diversity of electrical and
magnetic properties is explained by the double exchange interaction theory, the Jahn-Teller
effect, the polaron theory and phase separation.

-are examples of realizing the structural concept of spontaneous phase separation.

In conclusion, the Experimental part is clearly written and it is easy for the reader to follow
the logic of the carried out experiments.

In my remarks to the presented Experimental part, I would note some technical inaccuracies,
fig. 5.7 and fig. 5.8 are not clearly visible. Table 3.3 is incorrect. Abbreviations are used without
entering their meaning, for example IEES.

6. Chapter 6 presents the contributions in the dissertation work.

Dissertation work contains indisputable scientific and scientific-applied contributions, which I
would summarize as follows:

1) neutron diffraction results were obtained on the structure of powdery, layered and porous
materials based on the composition barium cerate BaCeogsYo15035 (BCY15), which are
components of a new design of monolithic solid oxide fuel cells. Best results for full profile
matching of experimental diffractograms for ““powder", *dense" and **porous" material produced
models describing the crystal structure of the orthorhombic space group Pnma. .

2) neutron diffraction studies on the influence of temperature on the crystal structure of
perovskites with the composition Co304_IC(MT), Ni-NiCo,04_IC, NiC0,04, LagSro4CaosOs.5
(LSCO), Lag ¢Sro4Coq2Feq 303 ( LSCF) and Lag gSrg,Mn0O;.8 (LSM) proved their stability in the
studied temperature range 20-300K and their applicability as potential candidates for the
development of bifunctional catalysts and rechargeable zinc-air batteries.

3) It was found that while maintaining a constant electron concentration in the manganates
Bio2sNdg2s(Sr, Ca)osMnQs, the variation of the effective size of the cation in the A-node in the
parent manganates leads to substantial structural changes.



On the subject of the dissertation, 5 peer-reviewed and refereed scientific publications have
been published, 2 of which are in journals with an impact factor. 2 citations are noted.
My personal discussions with Ph.D student on the subject of the dissertation work convince me
of the role of its leading in performing the aims of the dissertation, conducting the experiments,
processing the obtained results and their interpretation.
The applicant's scientometric data meet the requirements set by the Scientific council of Institute
of electronics.

The abstract accurately reflects the dissertation.

Questions and critical notes:
1. Does the appearance of additional peaks in the neutronograms, Fig. 4.2 at 23K and 25K of
the metal oxide catalysts Co304_IC(MT) affect their activity?
2. From the scanning electron microscopy (SEM) analyses, Figs.4.21 and 4.22, how do you
explain the better microstructure of LSCO perovskite compared to that of LCCO?

Conclusion

Based on the above, I believe that the dissertation work "Neutron diffraction studies of oxides
with a perovskite-like structure" with author Tanya Malakova, contains essential scientific and
scientific-applied results, supported by relevant publication activity, which gives me grounds to
express my convinced opinion that an educational and scientific degree "doctor' have to be
awarded to Tanya Dimova Malakova.

20.10.2023 .
Reviewer:

/ Dr. Milena Beshkova Assoc. Prof. /



