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Abstract:

Proton conductors based on Ba(Zr,Ce)O3-delta perovskites have been proposed as electrolytes and electrodes for proton-conducting
solid oxide cells (PC-SOCs), i.e., fuel cells (PC-SOFCs) and electrolysers (PC-SOECs). Co-doping of barium zirconate-cerate with Y
and YD has been shown to improve ionic conductivity, catalytic activity for hydrocarbon reforming and stability for high Zr content. The
structure of Yb-based compounds (called BZCYYDb) has not been carefully studied in the literature. This proposal aims to fill this gap by
studying the structure of five BZCYYDb compositions (three intermediate and two terminal compositions) at room temperature and fuel
cell operating temperature. Neutron diffraction is the only diffraction technique capable of detecting slight distortion of the oxygen
lattice and providing the effective structure.




The Ba(Zr,Ce,Y)-based oxide materials are widely studied as proton-conducting electrolytes
in solid oxide fuel cells [1]. The experiment using D2B instrument at ILL (24-27 November
2023) enabled us to record data at room temperature for four BaZrxCeos-xY0.1YD0.1029
compositions (x = 0.0, 0.1, 0.2, 0.3), as well as temperature-dependent data up to 700°C for
compositions x = 0.1 and x = 0.3. The aim of the experiments is to build a phase diagram of the
BaZrxCeos-xY0.1Ybo.1029 solid solution between x = 0.0 and x = 0.8. This study can be related to
the study by Malavasi in which the authors built a phase diagram of the BaCeo.g5-xZrxY0.1503-5
solid solution between x = 0.1 and x = 0.4 [2]. The Yb introduced into current materials is
expected to increase stability and conductivity levels [3-4]. Initial results show that the phase
diagram obtained for Yb-containing materials is significantly different from that for Yb-free
materials. The symmetry adopted by the Yb-based phases and the type of transition are
remarkably distinct.
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Figure 1. Reduced cell parameters and reduced cell volume of BaZro1Ceo7Y0.1Ybo1029 (a,b) and
BaZro3CeosY01Ybo 1029 (¢,d) samples obtained by Rietveld refinement of neutron powder diffraction data collected
at D2B as a function of temperature.



Figure 1 shows the evolution of the cell parameters and cell volume of the
BaZro1Ceo7Y01Yb01029 (a,b) and BaZrozCeosYo01Ybo1029 (c,d) samples as a function of
temperature, based on neutron powder diffraction data collected at D2B instrument. The
compounds show a phase transition from tetragonal to cubic symmetry at decreasing temperature
as x increases. Compound x = 0.2 adopts tetragonal symmetry at room temperature, as expected.
For compound x = 0.0, the structure may exhibit less than tetragonal symmetry at room
temperature, as the structure in tetragonal symmetry does not give satisfactory agreement factors.
The work is still in progress. We also noticed, for temperature dependent experiments, that after
the phase transition, the cubic volume does not increase with temperature as expected, but
decreases slightly.

Figure 2a shows the final Rietveld refinement plot for the BaZro1Ceo.7Y0.1Ybo1029 sample.
The agreement factors are all acceptable and all atomic displacement parameters were
anisotropically refined (Figure 2b) confirming the choice of structural model and the quality of
the data. A publication dealing with the structure of the x = 0.1 sample is in progress, using a

combination of X-Ray and neutron Rietveld refinements.

a) -
O Yobs a=6.14843(9) A|
Yeale c=8.8757(2) A
Yobs-Ycalc GOF 183
Bra osition 6.79%
gg-position \ep  5.96%

Intensity(arb. units)

N S

i VAVI']A"..A11'.,4_4.¢
20 40 60 8 100 120 140

26(°)
Figure 2. (a) Rietveld refinement of the neutron powder diffraction data of BaZro1Ceo.7Y0.1Ybo.102.9 Sample collected
at room temperature at D2B and (b) corresponding crystallographic representations.
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To finalize the phase diagram of the BaCeo.s5-xZrxY0.1503-5 solid solution, neutron data from
samples x = 0.0 and x = 0.4 are required, which is the subject of a new proposal.
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