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Abstract. The effect of processing methods on oxygen storage and exchange kinetics of brownmillerite (BM) SrCoO2.5
is compared in terms of their reversible oxygen incorporation and desorption kinetics. BM SrCoO2.5 was synthesized
through two different methods; solid-state synthesis and the nitrate–citrate gel method, both followed by Al foil pad
quenching. Oxygen storage characteristics of synthesized samples were analysed using a home-built volumetric set-up.
The maximum oxygenation achievable for BM SrCoO2.5 under prevailing conditions of O2 partial pressure (16 bar O2),
temperature (673 K) and time (1 h) was unaltered, regardless of the synthesis method. Oxygen exchange kinetics of
desorption was faster in the nitrate–citrate synthesized sample than in the solid-state synthesized sample. The kinetics of
desorption correlated with the crystallite and particle sizes of the samples. The mechanism of desorption follows
nucleation and growth model for nitrate–citrate synthesized sample, while it follows contracting sphere model for solidstate synthesized sample.
Keywords. Oxygen ion diffusion; oxygen non-stoichiometry; mixed ion electron conductor; perovskite oxide; desorption kinetics.

1.

Introduction

Transition metal oxides have versatile applications in gas
sensing, catalysis, cathodes of solid oxide fuel cell and
oxygen separation membranes due to the presence of metals
with variable oxidation states [1–5]. These metal oxides can
have variable oxygen non-stoichiometry with respect to the
surrounding temperature and oxygen partial pressure
[6–10]. Certain metal oxides even find applications as
oxygen sorbents for oxygen storage, separation and
enrichment due to its fast response to the changes in
ambient oxygen partial pressure and/or temperature
[8,9,11–13]. A notable material explored for such applications is brownmillerite (BM) SrCoO2.5 [11,14,15] because
of its highest theoretical oxygen intake/release per gram of
the material among the other reported oxide materials [11].
Oxygen sorbent transition metal oxide absorbs oxygen
from surrounding air atmosphere to fill its lattice oxygen
vacancies at a specified temperature range and releases
oxygen at a lower oxygen pressure and/or different temperature range [5,12]. This necessitates the presence of a
large number of oxygen vacancies in the structure, faster
oxygen surface exchange and oxide ion diffusion inside the
lattice [5,16]. Different strategies have been used for tuning
these parameters, including aliovalent substitution, forming
composites of two materials with one or more of these best
properties and using equilibrium/non-equilibrium synthesis

methods [17–22]. A large variety of methods have been
adopted in literature for the synthesis of mixed oxide
ceramics [23–27]. The phase purity, morphology and particle size can be tuned by selecting suitable synthesis
methods, which in turn alter the physico-chemical properties [16,22,24,28]. The most common methods employed
for the synthesis of oxide materials include solid-state
reaction [23] and wet chemistry methods like co-precipitation [25], solution combustion synthesis [29] and sol–gel
method [24–27].
Conventionally, solid-state reaction (or heat and beat
method) between the corresponding metal oxides is widely
used for the synthesis of oxide ceramics in large scale
because of its simplicity and low manufacturing cost [23].
The relatively high temperatures required to increase solidstate reaction kinetics usually result in low homogeneity,
uncontrolled and large particles with a low surface area. To
obtain homogeneous materials via solid-state reaction,
maximizing the surface area of the reactants so as to
improve the reaction rate is considered [23,24]. Also, oxysalts of the metals rather than oxides are preferred as precursor materials. These oxysalts are usually decomposed
in situ to obtain high surface area oxides, which react further to form the required phase [23]. Another commonly
employed method is the sol–gel process, which involves the
hydrolysis and polymerization of heterometallic alkoxide
precursors to obtain a gel, which is further fired to acquire

57

Page 2 of 9

the required oxide [24,27]. The organic part of the alkoxide
and pH conditions are varied for the formation of homogeneous gel, which in turn gives a homogeneous oxide
product [27].
Bezdicka et al [30] synthesized BM SrCoO2.5 using four
different methods followed by liquid nitrogen quenching
and attempted to oxygenate it by electrochemical technique.
They found that the samples differed in their density, particle size and homogeneity with varied synthesis methods.
The sample with 80% density and 1–3 lm particle size was
found to be optimum for electrochemical oxidation. In this
work, the oxygen intake/release properties of BM SrCoO2.5
synthesized through solid-state reaction and the sol–gel
method have been compared. As BM phase is metastable,
the phase stabilization was performed by quenching using a
heated Al foil pad for both samples. We further compare the
reversible oxygen intake and desorption kinetics of these
two samples considering the differences in particle and
crystallite sizes.

2.
2.1

Materials and methods
Synthesis

The BM SrCoO2.5 was synthesized through two different
methods.
2.1a Solid-state synthesis: Stoichiometric amounts of
SrCO3 (SD Fine Chemicals, 99%) and CoC2O42H2O [31]
were weighed, wet mixed with acetone and calcined at
1173 K for 2 h. The obtained black powder was ground,
mixed well and heat treated for 5.5 h with one intermediate
grinding to complete the reaction. Obtained powder was
made into a pellet of 10 mm diameter using a cold uniaxial
press. The pellet was soaked at 523 K for 3 h to remove the
binder and heat-treated at 1223 K for 6 h with one
intermediate grinding. The pellet was quenched to room
temperature from 1223 K using a pad of heated multilayer
Al foil pre-heated at about 373–473 K to stabilize the intact
pellet of high temperature BM phase. The sample obtained
through this method is coded as SC-SSS throughout this
work.
2.1b Nitrate–citrate
gel
method: Stoichiometric
amounts of SrCO3, CoC2O42H2O and citric acid (1:1:3
ratio) were dissolved in hot dilute nitric acid and introduced
to 773 K in a preheated furnace. Water evaporation takes
place within few minutes and the formed gel undergoes
auto-combustion to give a voluminous black powder. The
obtained black powder was mixed well and calcined at 1173
K for 8 h. It was made into a pellet of 10 mm diameter using
a cold uniaxial press. The pellet was quenched to room
temperature as above after sintering at 1223 K for 4 h. The
sample obtained through this method is coded as SC-NC
throughout this work.
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Characterizations

Phase purity of the samples were analysed using X-ray
diffraction (XRD, PANalytical X’Pert Pro, Cu Ka). The
diffraction pattern was collected in the angular range
10–90° with a step size of 0.02° for 20 min for phase purity
analysis. Data collected in the same 2h range and step size
for 1 h was used for Rietveld profile refinement to calculate
the lattice parameters using GSAS II software [32]. The
instrumental profile parameters for the refinement was
obtained by refining data of standard Si sample with minimum crystallite size and strain broadening. The profile
shape was calculated using a pseudo-voigt profile function
and the irregular background was fitted using manually
selected background points and with Chebyshev function.
Morphology of the samples were analysed using a field
emission scanning electron microscope (FESEM, FEI
INSPECT F50) equipped with an energy dispersive spectrometer (EDS, Oxford Instruments) for elemental analysis.
The average particle size of the samples were calculated
using Image-J Software [33]. Density of the samples were
measured using Archimedes method and was converted to
relative density (% theoretical density) comparing it with
that observed from structural data.
Oxygen intake/release studies of the differently synthesized samples were performed in a home-built volumetric
apparatus reported elsewhere [14]. In a typical experiment,
pieces of the as-synthesized BM sample was pressurized
with 16 bar O2 pressure and heated to 648/673 K with a
heating rate of 6 K min–1. It was soaked at that temperature
for 1 h and cooled back to room temperature in the same
oxygen pressure. A known amount of this oxygenated
sample was heated to 693 K with a heating rate of 6 K min–1
under reduced oxygen pressure where oxygen desorption
takes place. The volume of oxygen which is reversibly
incorporated into the material is calculated using the ideal
gas equation, PV = nRT. Further, isothermal desorption
kinetics of the absorbed samples were studied as a function
of desorption temperature. Desorption was performed
isothermally at 673, 693 and 723 K as a function of time
for SC-SSS and SC-NC samples absorbed at 673 K/1
h/16 O2.
Oxygen absorption and release was confirmed by XRD
and iodometric titration of as-synthesized, absorbed
and desorbed samples. A known amount of the sample
(*30 mg) was dissolved in dilute hydrochloric acid containing an excess of potassium iodide. The evolved iodine
from the reaction is titrated against standardized sodium
thiosulphate solution with freshly prepared starch solution
as an indicator towards the end of the titration.
DC electrical conductivities of the samples were measured using four probe Van der Pauw technique [34] on a
disc-shaped pellet of 10 mm diameter and &2 mm thickness. Measurements were conducted in the ambient air,
flowing nitrogen and flowing oxygen atmospheres from
room temperature to 715 K. Electrical contacts were made
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between the sample and platinum leads by applying silver
paste (FERRO LAQUE L200).
Linear thermal expansion of as-synthesized and absorbed
bar-shaped (10 9 2 9 2 mm3) samples were measured using
a differential dilatometer (DIL 802, TA Instruments) with
respect to alumina reference in the ambient air atmosphere
from room temperature to 1000 K.

3.
3.1

Results and discussion

Page 3 of 9
3.2
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Morphological characterization

SEM micrographs and energy dispersive spectra (EDS) of
the SC-SSS and SC-NC samples are given in figure 3a–d.
Both SC-NC and SC-SSS show moderately interconnected
globular particles with porous microstructure. The average
particle size was slightly different (figure 3a and b and
table 1), SC-SSS sample had bigger particle size than SCNC sample. EDS shows the presence of Sr, Co and O in
both samples (figure 3c and d).

Structural characterization

Figure 1a, b shows the refined XRD patterns of the BM
SrCoO2.5 samples, SC-SSS and SC-NC, respectively. Both
samples are phase pure and the XRD pattern can be indexed
considering a unit cell based on Ima2 space group [35]. The
refined XRD patterns show good fit between measured and
calculated profiles. The lattice parameters calculated are
given in table 1. Williamson-Hall analysis was carried out
to compare the crystallite sizes of the samples obtained
through different methods (figure 2). Peaks in the 2h range
30–50° were selected for plotting Williamson-Hall plot.
Peaks were de-convoluted assuming Gaussian profile shape.
The full-width at half-maxima (FWHM) were corrected by
subtracting the FWHM of the standard Si sample (bactual =
ðb2meas  b2inst Þ1=2 ). The obtained crystallite size and strain
values are tabulated in table 1. The crystallite size of the
SC-NC sample was smaller than that of the SC-SSS sample,
mainly due to the difference in heat-treatment during the
synthesis of these samples (section 2.1).

Figure 1. The refined XRD pattern of BM SrCoO2.5 samples:
(a) SC-SSS and (b) SC-NC.

3.3

Oxygen storage measurements

Oxygen absorption and desorption studies were performed
with the samples as mentioned in section 2.2. Absorption
was conducted with SC-SSS and SC-NC samples at 673 K
by pressurizing with 16 bar of O2 and the desorption was
carried out as a function of temperature at a reduced pressure. The XRD patterns of absorbed SC-SSS and SC-NC
samples are given in figure 4a and b. It can be seen from the
figure that both the samples have been converted to perovskite phase. A peak splitting was observed for the peak
near 47.4°, indicating a reduced symmetry compared to the
true perovskite phase. Thus, I4/mmm space group [36] was
used to index the XRD pattern of the absorbed samples.
Rietveld profile refinement was carried out to obtain lattice
parameters and the formula unit cell volumes are tabulated
in table 2. Both the samples show a reduction in cell volume
compared to the as-synthesized samples indicating oxygen
absorption. There is no significant change observed in the
normalized cell volume for the two samples, indicating a
similar oxygen content. The oxygen content obtained from
iodometric titration (table 2) implies the same. Because the
as-synthesized samples were found to differ in their crystallite and particle sizes, the reversible oxygen absorption
may also differ at a lower temperature. Thus, absorption
was carried out at a lower temperature, 648 K. XRD patterns of the absorbed samples (figure 4c and d) show that it
has converted to perovskite phase.
The desorption curves of absorbed SC-SSS and SC-NC
samples are given in figure 5. The volume of evolved
oxygen starts to increase above a certain temperature as
shown in the figure, it reaches a maximum value and
remains constant when it is cooled down to room temperature. The total volume of desorbed oxygen was found to
be similar in both SC-SSS and SC-NC samples absorbed at
673 K as well as 648 K (figure 5 and table 2). The oxygen
intake was slightly lower for the samples absorbed at a
lower temperature (figure 5 and table 2). The maximum
reversible oxygen intake matches with the one reported
earlier for a similar sample synthesized through solution
combustion synthesis [14]. This reflects the maximum
oxygenation achievable for BM SrCoO2.5 at the absorption
conditions to be constant irrespective of the synthesis
method employed. XRD patterns of the sample after
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Structural parameters of the BM SrCoO2.5 samples from Rietveld profile refinement, XRD and SEM.
Lattice parameters (Å)

Sample
code
SC-SSS
SC-NC

(2021) 44:57

a

b

c

Cell volume
(Å3)

15.726 (5) 5.569 (2) 5.464 (7) 478.526 (14)
15.724 (4) 5.568 (8) 5.464 (8) 478.379 (20)

Cell volume per
formula unit
(Å3)

Crystallite
size (lm)
(XRD)

Strain
(XRD)

Relative
density
(%)

Average particle
size (lm) (SEM)

59.815 (2)
59.797 (3)

0.24
0.08

?0.003
-0.001

85–90
90–95

3.0 ± 0.8
2.0 ± 0.8

Figure 2. W-H plots for SC-SSS and SC-NC samples. Dashed
lines indicate fit to the data points.

Figure 4. Comparison of XRD patterns of absorbed and
desorbed samples: (a) SC-SSS absorbed at 673 K, (b) SC-NC
absorbed at 673 K, (c) SC-SSS absorbed at 648 K and (d) SC-NC
absorbed at 648 K. Desorbed after absorption at 673 K: (e) SC-SSS
and (f) SC-NC. Desorbed after absorption at 648 K: (g) SC-SSS
and (h) SC-NC.

desorption indicates a reversible structural change, where
the perovskite phase converts back to the BM phase after
desorption (figure 4e and f).

3.4

Figure 3. Scanning electron micrographs of BM SrCoO2.5
samples: (a) SC-SSS and (b) SC-NC. EDS of samples: (c) SCSSS and (d) SC-NC. Elemental composition as obtained from EDS
is also shown.

Kinetics of O2 desorption

In an oxygen separation/enrichment point of view, an
oxygen sorbent will be efficient only if it gives out
the absorbed oxygen as fast as possible by an appropriate
heat-treatment. The kinetics of oxygen evolution of
oxygenated BM SrCoO2.5 was analysed to understand the
effect of synthesis method if any, on oxygen desorption. For
this, isothermal desorption of the samples absorbed at
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Table 2. Comparison of oxygen evolved and delta values from desorption experiments and iodometric titration for SC-SSS and SC-NC
samples. Cell volume per formula unit of the absorbed samples are also given.
Desorption experiment

Iodometric titration
Oxygen content

Sample code and
absorption temperature (K)
SC-SSS and 673 K
SC-NC and 673 K
SC-SSS and 648 K
SC-NC and 648 K

O2 evolved (cm3 g-1
of SrCoO2.5?d)
14.5
13.5
13.1
13.3

±
±
±
±

0.5
0.6
0.5
0.3

Delta
(d)

Assynthesized

0.24
0.22
0.22
0.22

2.38
2.43
2.38
2.43

Figure 5. Desorption curves of samples SC-SSS and SC-NC
absorbed at 648 and 673 K for 1 h in 16 bar O2.

673 K/16 bar O2/1 h was carried out at three different
temperatures, 673, 693 and 723 K. The normalized
isothermal desorption curves (or the extent of conversion, a)
of SC-SSS and SC-NC samples as a function of time are
given in figure 6a and b, respectively. Normalization was
carried out by dividing the whole curve of evolved oxygen
with its maximum value. It can be seen from the figures that
the desorption becomes faster for both samples as temperature increases. However, the time scale for desorption was
observed to be different for SC-SSS and SC-NC samples
(figure 6a and b), SC-SSS samples show a slower desorption
compared to SC-NC samples at the same temperature.
The mechanism of reduction of SrCoO2.5?d can be
explained using a derivative of the extent of conversion (da/
dt) vs. the extent of conversion curve. If da/dt increases and
then decreases with an increase in extent of conversion, the
mechanism of desorption follows nucleation and growth. If
da/dt increases with an increase in a, the mechanism of
desorption follows the contracting sphere model [11,37]. It
can be seen from the a vs. da/dt curves (figure 6c) that the

±
±
±
±

0.01
0.01
0.01
0.01

Absorbed
2.67
2.69
2.62
2.68

±
±
±
±

0.02
0.02
0.01
0.02

Desorbed
2.46
2.43
2.45
2.43

±
±
±
±

0.01
0.01
0.01
0.01

Delta
(d)

Cell volume per
formula unit (Å3)

0.21
0.26
0.17
0.25

56.490
56.571
56.644
56.600

(1)
(8)
(7)
(2)

mechanism of desorption for SC-SSS samples can be
explained using the contracting sphere model while that of
SC-NC follows the nucleation and growth model.
The change in mechanism can be understood by considering the available reaction sites in both the samples.
Sample SC-NC having smaller particle and crystallite size
might have a greater number of grain boundaries, where the
oxygen surface exchange reaction could be faster. This
indicates a greater number of nucleation sites for SC-NC
sample compared to the SC-SSS sample, thus following
nucleation and growth model of desorption. In contrast, SCSSS sample has bigger particles and thereby a lower number of active surface sites, which get nucleated fast covering
the whole active surface with the reduced form (SrCoO2.5).
This apparently alters the reduction mechanism to contracting sphere model.
Further analysis of the desorption kinetics was performed
by fitting the extent of conversion vs. time curve using a
least square fitting method, assuming a first-order reaction.
Only one exponential term was enough to fit the curve at all
three temperatures for the SC-SSS sample, whereas two
terms were required for the sample SC-NC. Two terms can
be considered as related to oxygen surface exchange and
oxide ion conduction in SC-NC whereas in SC-SSS sample,
oxide ion conduction can be perceived as the rate limiting
step. The fitting results are shown in table 3 and the red
lines in figure 6a and b indicate the best fit to the data. Using
the relaxation times (s1 and s2) rate constants (k1 and k2),
respectively, were calculated. The rate constants follow an
Arrhenius relation with temperature as shown in figure 6d.
Activation energies calculated from the slope of curves are
tabulated in table 3.

3.5

Electrical conductivity measurements

The changes in oxygen non-stoichiometry of the oxide
material with partial pressure of O2 changes the carrier
concentration and thereby its electrical conductivity. Nonstoichiometric oxides can have electrons, holes as well as
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Figure 6. Time vs. the extent of conversion (a) curves for isothermal desorptions at 673, 693 and 723 K
for samples: (a) SC-SSS and (b) SC-NC. (c) a vs. da /dt for the samples SC-SSS and SC-NC desorbed at
693 K. (d) Arrhenius plots of rate constants for SC-SSS and SC-NC.

oxide ions as charge carries as per defect reactions in
equations (1) and (2). Here Kröger-Vink notations,
x
x

0
V
o ; CoCo ; OO ; CoCo and CoCo denotes a vacancy of oxygen,
3?
Co in a regular lattice site, an oxide ion in its lattice site,
Co4? in Co3? lattice site (hole) and Co2? in Co3? lattice site
(excess electrons), respectively. The excess electrons are
produced by Co ion charge-disproportionation reaction
(equation 2) at high temperatures and low oxygen partial
pressures [38].
1
x
x

O2 þ V
o þ 2CoCo $ Oo þ 2CoCo
2
2CoxCo $ CoCo þ Co0Co

ð1Þ
ð2Þ

The concentration of these charge carriers usually
depends on the ambient oxygen partial pressure and temperature. Thus, the variation of electrical conductivity (r)

with the temperature of SC-SSS and SC-NC samples were
measured in the ambient air, flowing nitrogen and flowing
oxygen atmospheres (figure 7a). Total conductivity increases with an increase in temperature indicating semiconducting behaviour for both SC-SSS and SC-NC samples in
all three atmospheres. Both SC-SSS and SC-NC samples
show similar behaviour in conductivity variation with
temperature in the ambient air atmosphere. The room
temperature electrical conductivity was found to be 0.01
and 0.02 S cm-1 for SC-SSS and SC-NC samples, respectively, in the ambient air atmosphere, which increases to a
maximum value of 10 and 12 S cm-1 at 715 K.
Conductivity in N2 as well as in O2 was found to be
higher than that in the air for both the samples. Further, a
sharp increase in conductivity at &600 K was observed for
both the samples in all three atmospheres. The increase in
conductivity in air and oxygen atmospheres might be due to
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Fitting results for desorption kinetics study for SC-SSS and SC-NC samples.

Desorption temperature (K)
SC-NC
673
693
723
Activation energy (eV)
SC-SSS
673
693
723
Activation energy (eV)

Equation

y = A1 9 exp(-t/s1) ? A2 9 exp(-t/s2) ? 1

A1

s1 (s)

A2

-0.69 (8)
-0.66 (6)
-0.97 (1)

45 (1)
19 (1)
7 (1)

-0.31 (4)
-0.34 (3)
-0.03 (5)

1.55
y = 1 – exp(–t/s2)

s2 (s)

383 (5)
199 (1)
81 (15)
1.30
731 (2)
362 (2)
139 (1)
1.39

Figure 8. For the samples SC-SSS, SC-NC and those absorbed
in 16 bar O2 at 673 K for 1 h: (a) linear thermal expansion (Dl/l0)
and (b–e) variation of thermal expansion coefficients (TEC) with
temperature. BA = before absorption, AA = after absorption.

Figure 7. The electrical conductivity of the samples SC-SSS
and SC-NC (a) in the ambient air, N2 and O2 atmospheres as a
function of temperature and (b) as a function of partial pressure of
O2 at 673 K.

oxygen intake, whereby it increases both p-type as well as
oxide ion conductivity. It should be noted that even though
the total conductivity includes contribution from oxide
ion conductivity, it might be negligible, of the order of

10-2 S cm-1 or less. In nitrogen atmosphere, reduction of
the oxide and Co-ion disproportionation might be taking
place above 600 K increasing the electron concentration and
n-type conductivity.
Electrical conductivity of SC-SSS and SC-NC samples at
673 K (absorption temperature) in all three atmospheres
were extracted from figure 7a and is plotted against the
approximate oxygen partial pressure inside the measurement chamber (figure 7b). In N2, r was found to be higher
for SC-NC than SC-SSS while in O2, r was higher for
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Thermal expansion coefficients of the as-synthesized and absorbed SC-SSS and SC-NC samples.
Thermal expansion coefficient (TEC 9 106 K–1)

Sample code
SC-SSS
SC-NC

As-synthesized (T \ 750 K)

Absorbed (T \ 650 K)

Absorbed (750 K \ T \ 830 K)

10.7
9.9

20.2
20.9

8.8
12.7

Figure 9. Scanning electron micrographs of (a) the SC-SSS and
(b) the SC-NC samples after desorption.

SC-SSS than SC-NC. The same behaviour was observed at
all other measured temperatures (300–715 K). Opposite
behaviour of these samples’ total electrical conductivity
necessarily indicates a change in the conduction mechanism
with the change in surrounding atmosphere, pointing
towards a p to n transition with lowering oxygen partial
pressure.
For cobalt-based microcrystalline ceramics of predominant electronic conductivity, increasing the grain size
showed positive effects in ionic conductivity [16]. Similarly, in our case, the SC-SSS sample with higher crystallite
and particle size showed a higher total electrical conductivity in the oxygen atmosphere than the SC-NC sample.
This may be because of the higher ionic contribution to
conductivity for SC-SSS samples above the absorption
temperature due to its bigger particle size. In contrast, the
electrical conductivity of the SC-NC sample was found to
be higher than the SC-SSS sample in nitrogen atmosphere,
may be due to a fast oxygen release as observed from the
desorption kinetics study (section 3.4). Faster oxygen
release indicates a greater number of electrons created
increasing the total electrical conductivity.

3.6

Thermal expansion measurements

The oxygenated samples show a reduced unit cell volume
compared to the as-synthesized samples (table 1 and
table 2). This can give rise to a difference in thermal
expansion between as-synthesized and oxygenated samples,
which affects the reversible oxygen intake on cyclic
oxidation/reduction treatments. Also, BM SrCoO2.5

synthesized through different methods may vary in their
thermal expansion coefficients because of their differences
in density. Hence, the linear expansion with temperature of
the as-synthesized and absorbed samples were measured.
Linear thermal expansion (Dl/l0) and the variation of
thermal expansion coefficients (TEC) with temperature of
as-synthesized as well as absorbed SC-SSS and SC-NC
samples are given in figure 8a–e. The thermal expansion
behaviour of both the as-synthesized samples were observed
to be similar. Thermal expansion coefficients are tabulated
in table 4, showing no significant difference between the
studied samples. Above 830 K, a sharp change in expansion
is observed for both the samples, where they get converted
to the hexagonal phase of strontium cobaltite (Sr6Co5O15).
Oxygenated samples show a higher thermal expansion
coefficient than as-synthesized samples, owing to the
chemical expansion due to oxygen release. Further, the
absorbed samples show a drastic change in expansion
behaviour due to oxygen evolution above 650 K. These
samples as well get converted to hexagonal phase above
830 K.

3.7

Morphology after desorption

The morphology of the samples after desorption is assessed
for any changes after oxygen intake/release measurements
(figure 9a and b). Small surface patches were seen on the
surface of the SC-SSS and SC-NC samples after oxygen
intake/release studies, which may be due to the formation of
surface secondary phases [11,39,40].

4.

Conclusions

Effect of synthesis methods on the oxygen exchange
kinetics of BM SrCoO2.5 was explored. BM SrCoO2.5 was
synthesized through two different methods, solid-state
reaction and nitrate–citrate gel method. Oxygen absorption/
desorption characteristics of these samples were analysed
using a home-built volumetric set-up. Irrespective of the
synthesis method used, the total oxygen holding capacity
was found to be same for all three BM SrCoO2.5 samples.
The sample SC-SSS releases oxygen at a slower rate
compared to SC-NC and follows contracting sphere model
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desorption, whereas SC-NC sample follows nucleation and
growth kinetics for oxygen desorption.
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