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ABSTRACT

The theoretical analysis of oxygen-ion conductivity in double perovskite type oxides was performed. The model
of ion transport was developed by considering two energetically non-equivalent oxygen positions for ion jumps
in the crystalline structure. The temperature variations of oxygen ion conductivity were shown to depend on
thermodynamic parameters of the intrinsic oxygen disordering process. The model proposed was verified by
experimental data for perovskite-like non-stoichiometric PrBaCo,0O¢_s, Sr3Fe,0,_s and its titanium-doped deri-

vative.

1. Introduction

The perovskite related mixed conducting oxides of 3d metals have
become popular in the development of SOFCs electrodes, oxygen se-
parating membranes and sensors [1-3]. In this relation, significant in-
terest has been attracted in recent years to double perovskite cobaltites
LnBaCo,0¢.5, where Ln is a rare-earth metal, which are currently con-
sidered as promising cathode materials for intermediate temperature
SOFCs [4,5]. The large size difference results in ordering of Ba and Ln
cations and respective doubling of the unit cell with formation of O(I),
O(II) and O(III) structurally inequivalent oxygen positions, Fig. 1. The
obtained structure can be depicted also as an alternation of Ln-O(I),
Co-O(I) and Ba-O(IIl) metal-oxygen layers along c axis. The robust
positions O(II) remain always completely filled so that Ba—O(III) layers
are rendered virtually impenetrable for oxygen jumps as strong aniso-
tropy of ion diffusion [6,7] gives evidence to. At the same time, the
occupancy of O(I) positions may easily change from zero to unity at
variations of ambient temperature and oxygen pressure [8-11]. The
energetics of O(II) positions is intermediate. In the result, several per
cent of oxygen vacancies can reside in O(II) sites. Though small in
number, these vacancies appear to play a crucial role in formation of
oxygen migration pathways and bulk ion transport via O(I)-O(I1)-O(I)
jumps [12-14]. Similar oxygen transport mechanism via minority va-
cancies was first suggested in the layered Ruddlesden-Popper ferrite
Sr3Fe 05 [15-17].

Authors [14] used classical molecular dynamics for analysis of
neutron diffraction data and numerical simulations of ion migration in
NdBaCo,04_s. Based on the model of atomic jumps in this work we
suggest an alternative consideration of the ion transport over two
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inequivalent positions in layered oxides. The utility of the obtained
expression for the ionic conductivity is confirmed by a favorable com-
parison of the calculated results with the experimental data available in
the literature.

2. Model

Following [18,19] we can consider the example of quasi-one di-
mensional oxygen ion transport over O(I) and O(II) positions in pre-
sence of external electric field directed along x axis in tetragonal
LnBaCo,0¢_s. The energy barriers for jumps of oxygen vacancies and
ions are shown schematically in Fig. 2. The oxygen vacancy flux across
a plane separating O(I) and O(II) positions can be presented as
Ji 5
T = lim (Anye, /200 + Ay, /280) = Tow * Noay o

Here, Any, and Any, = stand for the amount of oxygen vacancies
that jumped within time interval t + t + At from positions O(I) and O
(I1) while JVeou and Jv,, represent respective net flux values; An; is in-
terrelated with the respective molar concentration [i] as An; = rg - [i]/
V, where ry is the length of the elementary jump and V is the elementary
unit volume. Under assumption of weak field, i.e., infinitesimally small
disturbance of the defect equilibrium, in the further treatment we can
utilize equilibrium concentrations of oxygen species that appear as

OSan + Vo = 08w + Voan )

at the expense of free energy change AG;,. In writing (2) we use Kro-
ger-Vink notation [20]. The transition of an oxygen vacancy Vj to a
nearby site Of;, in Fig. 2 can be considered as mediated by formation of
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Fig. 1. The sketch of oxygen ion jumps over O(I) and O(II) oxygen positions in
double perovskites.

transition states

Vou + O5any = Voay — O = Voan) 3

Voan + 05a = Voan — O = Vo) @

where O denotes oxygen in the saddle point between vacant O(I) and O
(II) positions. Introducing activation energies AG{ and AG}; for reac-
tions (3) and (4), respectively, we see from Fig. 2 that

AGp = AG] — AGy 5)
. . d — . . .
Taking into account fluxes Jy, /Jy,, created by jumps in the di-
rection along/against the external field [18,19], respectively, we can

present the net flux of V ;) vacancies in the direction of the external
field as
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where v is the characteristic frequency of jump attempts, k is the
Boltzmann constant and T is absolute temperature. The small energy
additive Au can be calculated as
d§0 1)

Au =ze——2

“ax2 @)
where z is charge number, e is elementary charge and dg/dx is electric
field gradient. Under assumption Au< kT expression (6) can be sim-
plified to

ze s [Vl [08 ] ex _AGj — AGy, | dp
KTV P kT dx ®)

Foany =

In similar manner we can obtain the net flux created by jumps from
O(I) positions

ze-1g-[Vol- 105 ] -v AG! + AGy ) do
Tom = exp| — .
kT-V kT dx 9)

The net oxygen ion current density jy, = zeJy, can be written as the
sum of (8) and (9)

. AGH - AG?
[Vo(II)]'[Oé(I)]'eXp(_ IIkT “ )+

e L
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AGY + 4Gy,
-eXp _T
10)

The equilibrium constant for the disordering reaction (2)

Electric field increase

Fig. 2. The energy barriers for oxygen ion jumps over O(I)-O(I)-O(I) positions in presence of external electric field. The length of the elementary jump isro = a/2,

where a is the tetragonal elementary unit parameter.
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