Modern Electronic Materials 4(1): 1–5
DOI 10.3897/j.moem.4.1.33270

Research Article

Thermally stimulated oxygen desorption in
Sr2FeMoO6-δ
Nikolay A. Kalanda1
1 Scientific-Practical Materials Research Centre of NAS of Belarus, 220072, Belarus, Minsk, 19 P. Brovki Str., Belarus

Corresponding author: Nikolay A. Kalanda (kalanda@physics.by)

Received 14 March 2018  ♦  Accepted 30 March 2018  ♦  Published 1 May 2018
Citation: Kalanda NA (2018) Thermally stimulated oxygen desorption in Sr2FeMoO6-δ. Modern Electronic Materials 4(1): 1–5.
https://doi.org/10.3897/j.moem.4.1.33270

Abstract
Polycrystalline Sr2FeMoO6-δ specimens have been obtained by solid state synthesis from partially reduced SrFeO2,52 and
SrMoO4 precursors. It has been shown that during oxygen desorption from the Sr2FeMoO6-δ compound in polythermal
mode in a 5%H2/Ar gas flow at different heating rates, the oxygen index 6-δ depends on the heating rate and does not
achieve saturation at T = 1420 K. Oxygen diffusion activation energy calculation using the Merzhanov method has
shown that at an early stage of oxygen desorption from the Sr2FeMoO6-δ compound the oxygen diffusion activation
energy is the lowest Еа = 76.7 kJ/mole at δ = 0.005. With an increase in the concentration of oxygen vacancies, the
oxygen diffusion activation energy grows to Еа = 156.3 kJ/mole at δ = 0.06. It has been found that the dδ/dt = f(Т) and
dδ/dt = f(δ) functions have a typical break which allows one to divide oxygen desorption in two process stages. It is
hypothesized that an increase in the concentration of oxygen vacancies Vo•• leads to their mutual interaction followed by
ordering in the Fe/Mo-01 crystallographic planes with the formation of various types of associations.
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1. Introduction
The Sr2FeMoO6-δ double perovskite is a half-metal with
a Curie temperature of 410–450 K characterized by high
magnetoresistance (~3–10 %) in weak magnetic fields at
room temperature [1–3]. This makes it quite promising
for magnetic field sensors. Furthermore, strontium ferromolybdate with combined oxygen ionic and electronic
conductivity is of great practical interest since it can be
used for the fabrication of gas sensors, as a cathode material for solid state fuel cells, membranes for selective
oxygen separation from gas mixtures etc. [4–6].

The physicochemical properties of Sr2FeMoO6-δ depend to a large extent on its oxygen stoichiometry which
affects the superstructure ordering degree of iron and
molybdenum cations, charge and spin degrees of freedom
and hence the electron exchange between Fe3+ and Mo5+
[7–10]. The lattice distortions caused by the presence
of defects in the anion sublattice affect the bond lengths
and the spatial position of the Fe3+—O2—Mo5+ chains
by changing the exchange interaction integral which is
controlled by the overlap of the electron orbits and the
angle of the bond between them [11–13]. The presence
of oxygen ions or their vacancies on the surface of the
Sr2FeMoO6-δ grains favors the change of the electron
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charge density at the grain boundaries and in the surface regions of the grains [14–16]. In this case the charge density is controlled by the partial oxygen pressure in
the ambient gaseous media within the oxygen desorption
temperature range and hence affects the electron transport
properties of the compound thus allowing strontium ferromolybdate to be used as a resistive gas sensor. In this
case the performance of the double perovskite device depends largely on the concentration and mobility of oxygen defects. The oxidation and reduction processes in the
material may reversibly change the oxygen stoichiometry
both in the grains and at the grain boundaries and hence the magnetic and galvanomagnetic properties of the
double perovskite [17–19]. Therefore obtaining strontium
ferromolybdate with reproducible physical properties,
correct understanding of the processes occurring in the
material and predicting the service life of the devices on
its basis require a study of specimens with controlled oxygen content.
It should be noted that the homogeneity range of strontium ferromolybdate by the oxygen index is quite narrow, from δ = 0 to δ = 0.086. For example, annealing at
1473 K requires partial oxygen pressures within logp(O2)
= -10.20 or lower logp(O2) = -13.70 because double perovskite will decompose in both cases. If the oxygen partial pressure exceeds the upper limit (logp(O2) ≥ -10.20),
then Sr2FeMoO6-δ decomposes according to the equation
Sr2FeMoO6 + 1/2O2 = SrMoO4 + SrFeO3, whereas below
the limit logp(O2) = -13.70 it decomposes into simpler
oxides followed by the formation of SrO, Fe and Mo [20].
Low partial oxygen pressures and the narrow allowable
range -13.70 ≤ logp(O2) ≤ -10.20 makes the synthesis of
the single phase compound with the required oxygen index a difficult task. Taking into account the above line of
reasoning and the large effect of the intra-grain and grain
surface oxygen on the physical properties of Sr2FeMoO6-δ,
one can conclude on the importance of information on the
exchange processes between the complex oxide and the
gaseous media. Thus, studying oxygen desorption is essential and important for the practical application of the
abovementioned materials.
The aim of this work is to study oxygen desorption in
Sr2FeMoO6-δ and to assess the energy of the anion mobility in the material as a function of structural defect concentration.

2. Experimental
The polycrystalline Sr2FeMoO6-δ specimens were synthesized from SrFeO3-х and SrMoO4 precursors which were
obtained using the standard ceramic technology from
MoO3 and Fe2O3 oxides and high grade strontium carbonate SrCO3. Stoichometric mixtures of the raw reactants
SrCO3 + 0.5Fe2O3 and SrCO3 + MoO3 were ground in a
vibration mill with spirit for 3 h. The processed mixtures
were dried at 350 K and pressed into tablets. The SrFeO3-х
and SrMoO4 precursors were synthesized with prelimi-
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nary anneals at 970 and 1070 °C for 20 and 40 h, respectively. To increase the homogeneity of the as-annealed
mixtures we used additional grinding. The single phase
SrFeO3-х compound was finally synthesized at T = 1470 K
for 20 h in an argon gas flow, and the SrMoO4 compound,
at T = 1470 K for 40 h at p(O2) = 0.21 ⋅ 105 Pa followed by
room temperature quenching. The oxygen content in the
SrFeO3-х specimens was determined by weighing the specimens before and after complete reduction to simple SrO
oxide and to metallic Fe in a hydrogen gas flow at 1470
K for 20 h. The initial specimens proved to have the composition SrFeO2.52. The SrFeO2,52 + SrMoO4 reactant mixtures pressed into 10 mm diameter 4–5 mm thick tablets
were annealed in a 5%H2/Ar gas flow at 1420 K for 5 h
followed by room temperature quenching. The as-synthesized Sr2FeMoO6-δ tablets were single-phase. The oxygen
content in the specimens was determined by weighing the
specimens before and after complete reduction to simple
SrO oxide and to metallic Fe and Mo in a hydrogen gas
flow at 1570 K for 20 h. The initial specimens proved to
have δ = 0.01.
Oxygen desorption in strontium ferromolybdate was
studied using a Setaram Labsys TG-DSC16 measuring
instrument at different heating rates in the 300–1420 K
range in a continuous 5%H2/Ar gas flow. The specimens
were exposed to the above treatment until reaching the
thermodynamic equilibrium with the gas environment
and then cooled to room temperature in the same gas flow.
The achievement of the thermodynamic equilibrium was
judged from the absence of specimen weight loss at a constant temperature. The specimens were weighed accurate
to ±3 ⋅ 10-5 g.
The lattice parameters and the superstructure ordering
degree of the cations (P) were determined using the Ritweld method with the ICSD-PDF2 (Release 2000) database and the POWDERCELL [21] and FullProf [22] software on the basis of X-ray diffraction data obtained using
a DRON-3 instrument in CuKα radiation. The diffraction
patterns were taken at room temperature at a 60 deg/h rate
in the θ = 10–90 deg range.

3. Results and Discussion
Oxygen desorption in Sr2FeMoO6-δ was studied using
thermal gravimetric analysis at different heating rates
(vh = 3, 5, 7, 9 and 11 deg/min) in a continuous 5%H2/Ar
gas flow in the 300–1420 K range (Fig. 1).
Analysis of the oxygen desorption vs temperature curves showed that at any heating rate the oxygen index of
the compound does not achieve saturation at T = 1420 K
and depends on heating rate. At a 3 deg/min heating rate,
intense oxygen desorption onsets at T ~ 713 K. Increasing
the heating rate to 11 deg/min shifts the oxygen desorption onset to higher temperatures, i.e. ~775 K, Thus, increasing the heating rate affects oxygen desorption. This
led to a tangible change in the ∆δ = δ300К – δ1420К parameter which was ∆δ = 0.088 for vh = 3 deg/min and
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Figure 1. Oxygen nonstoichiometry degree vs temperature in
Sr2FeMoO5.99 specimens for different heating rates: (1) 3, (2) 5,
(3) 7, (4) 9 and (5) 11 deg/min

Figure 2. Change rate of ln(dδ/dt)v = f(1/T) for different oxygen
indices

∆δ = 0.058 for vh = 11 deg/min, indicating that oxygen
desorption depends on the concentration of anion defects
in the Sr2FeMoO6-δ structure. The oxygen diffusion activation energy was calculated using the Merzhanov method [23]. The experimental δ = f(T) curves were used
to determine the temperatures at which the oxygen nonstoichiometry was the same for different heating rates.
Then the ln(dδ/dt)v - f(1/T) functions were drawn for the
chosen set of temperatures at constant δ (Fig. 2).
The tilt of the ln(dδ/dt)v = f(1/T) lines decreases monotonically with an increase in δ, indicating that the oxygen
diffusion activation energy depends on the concentration of oxygen vacancies. The complex dependence of
the oxygen mobility energy on the concentration of the
anion defects in strontium ferromolybdate is confirmed
by oxygen diffusion activation energy calculations (Еа)
using the Merzhanov method according to the following
formula:

change of the oxygen diffusion mechanism during the reduction of strontium ferromolybdate in the experimental
temperature range.
We found the dδ/dt = f(Т) and dδ/dt = f(δ) functions
to have a typical break which allows one to divide oxygen desorption in two process stages. The first stage (I)
occurring in the 700 ≤ T ≤ 1100 K range features a peak
of the dδ/dt = f(Т) function the absolute value of which
shifts towards higher temperatures with an increase in
vh due to the low mobility of the oxygen vacancies. The
dδ/dt = f(δ) function has the peak of oxygen desorption
at the first stage (I) in a narrow range 0.012 < δ < 0.014
during Ea growth, indicating that one of the oxygen desorption mechanisms can become predominant.
We now consider different oxygen positions in the
Sr2FeMoO6-δ compound. The first and the most highly reactive variant is oxygen adsorbed by grain surface. Therefore at the first process stage the well-developed surface
of the polycrystalline specimens makes the oxygen desorption rate in the ∼700–1070 K range dependent on the
reaction kinetics at the gas/solid interface. The growth of
Ea suggests oxygen desorption has a contribution of O1
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where t is the process duration, R is the universal gas
constant and T is the experiment temperature [23, 24]. At
an early stage of oxygen desorption from Sr2FeMoO6-δ
the oxygen diffusion activation energy is the lowest, i.e.
∼76.7 kJ/mole at δ = 0.005, and with an increase in the
concentration of oxygen vacancies it increases and achieves saturation at Ea = 156.3 kJ/mole and δ = 0.06 (Fig. 3).
To analyze the dependence of oxygen desorption from
Sr2FeMoO6-δ on the process temperature and the δ parameter we graphically differentiated the δ = f(t, Т) curves
in order to trace the course of the (dδ/dt) = f(Т) and (dδ/
dt) = f(δ) functions (Fig. 4). Analysis of these functions
proved them to be non-homothetic at heating rates vh = 3,
5, 7, 9 and 11 deg/min and T = 300–1420 K, indicating a

Figure 3. Oxygen diffusion activation energy Ea vs oxygen nonstoichiometry degree
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try δ = [Vo•• ] should have the following dependence on
the partial oxygen pressure: δ = [Vo•• ] ~ p(O2)-0.5, but this
does not agree with the experimental results of the abovementioned authors. Since the experimental exponent
of p(O2)-0.35 differs significantly from the expected one n
= -0.5, one can conclude that the hypothesized formation
mechanism of discrete oxygen vacancies is not authentic.
Thus, the results of this experiment and earlier work [20]
suggest that an increase in the concentration of oxygen
vacancies to above δ ≥ 0.024 leads to their association
which affects the defect formation mechanism, the mobility of the anions and hence the exponent of the partial
oxygen pressure.

4. Summary

Figure 4. Oxygen desorption rate Sr2FeMoO6-δ vs different rate
(a) heating temperature and (b) oxygen indices

and O2 anions having different crystallographic positions
but almost similar bond energies.
Further increase in T and δ (stage II) only causes an
increase in dδ/dt without saturation. It is safe to assume
that the second stage at δ ≥ 0.024 involves a change in
the defect formation mechanism which affects the mobility of the anions. Quite possibly, an increase in the concentration of oxygen vacancies Vo•• causes their mutual
interaction followed by ordering in the Fe/Mo-01 crystallographic planes with the formation of various types
of associations. Similar observations were made by other
researchers [20]. They proved that if the Vo•• point defects
do not interact, the change in the oxygen nonstoichiome-

We showed that during oxygen desorption from
Sr2FeMoO6-δ in polythermal mode at different heating
rates the oxygen index depends on the heating rate and
does not achieve saturation until T = 1420 K. Oxygen
diffusion activation energy calculation using the Merzhanov method showed that at an early stage of oxygen
desorption from the Sr2FeMoO6-δ compound the oxygen
diffusion activation energy is the lowest, ~ 76.7 kJ/mole
at δ = 0.005, and with an increase in the concentration of
oxygen vacancies the oxygen diffusion activation energy
grows to Еа = 156.3 kJ/mole at δ = 0.06. We found that
the dδ/dt = f(Т) and dδ/dt = f(δ) functions have a typical
break which allows one to divide oxygen desorption in
two process stages. It is hypothesized that an increase in
the concentration of oxygen vacancies Vo•• leads to their
mutual interaction followed by ordering in the Fe/Mo-01
crystallographic planes with the formation of various types of associations.
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