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Abstract: In the first part of this study, the oxygen deficiency, 4, in
Bag 55r0.5C0g gF€p 2035 (BSCF) was measured by means of thermogravimetry
as a function of the oxygen partial pressure, p(O,), in the range of 1.1x106—
41.67 % at elevated temperatures in the range 873-1073 K. It was shown that §
becomes more pronounced with increasing T and with decreasing p(O,). The
isotherms ¢ vs. p(O,) were determined. The second part of this study relates to
the reaction of CO, with BaysSrosCoggFengOa.s perovskite oxide in the
absence and presence of O, at temperatures ranging from 673 to 973 K, also by
thermogravimetry. The reactivity of CO, with BSCF increased with increasing
temperature and increasing exposure to CO,. The reaction of CO, with BSCF
was described by equilibrium reaction isotherms. The results of X-ray diffrac-
tometry evidenced that exposure to CO, |leads to the formation of carbonates.
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INTRODUCTION

Among mixed conducting perovskite-type oxides, Bag 5Srg5C0g gFepg 203
(BSCF) has recently received much attention.1~4 BSCF has been proposed as the
cathode material for a new SOFC (solid oxide fuel cell)>€ and as an oxygen
permeable membrane material.” After a first report by Shao et al.,8 the prepa-
ration, phase structure, thermal expansion coefficient and performance of BSCF
materials were investigated.9-16
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1142 ZELJKOVIC et al.

Mcintosh et al.17 investigated oxygen non-stoichiometry of BSCF up to
1273 K in the p(Oy) range 1.01325x10° to 1.01325-102xPa using a neutron dif-
fraction technique. It was found that BSCF maintained cubic symmetry at all
temperatures and oxygen partial pressures covered by the performed experi-
ments. Zeng et al.18 measured the non-stoichiometry of BSCF at room tempera-
ture using iodometry and found a high oxygen non-stoichiometry of 6 = 0.318
(2.682) for an air-calcined sample. They also measured the oxygen partial pres-
sure and temperature dependence of the oxygen non-stoichiometry by the ther-
mogravimetric analysis (TGA) method up to 1273 K under an air and nitrogen
atmosphere. Bucher et al.19 aso investigated the oxygen non-stoichiometry of
BSCF by thermogravimetry at temperatures ranging from 873 to 1173 K and
p(Oy) pressures from 10 to 4x104 Pa. In addition, oxygen exchange kinetics was
measured by electrical conductivity relaxation and the chemical diffusion coeffi-
cients and surface exchange coefficient were calculated from the relaxation expe-
riments.20 Vente et al.2! measured the oxygen transport, oxygen non-stoichio-
metry of BSCF and SrCog gFep 2035 for oxygen transport membranes. Com-
bined TGA, temperature programmed desorption (TPD) and neutron diffraction
measurements were performed. The oxygen non-stoichiometry measurements
were realized in oxygen partial pressures from 100 to 1x10° Pa in the tempera-
ture range 873 to 1073 K. Using TGA, Wang et al.?2 determined the oxygen
content of the starting material to be 3-6 = 2.79 at room temperature. They
determined the oxygen ion—€lectron hole diffusion coefficient, the oxygen con-
tent and the diffusion coefficient of the oxygen vacancy. Perovskite oxides of
type A1_aA'aB1pB'b03s (With A A’ = La, Ba, Sr and B B’ = Mn, Fe, Co) were
investigated by Giradauskaite et al.23 The non-stoichiometry of oxygen was
measured using a micro-thermo balance with partial oxygen pressures from 10-3
to 10° Pa.

The use of BSCF in practical applications, such as fuel cell cathodes,
demands a certain degree of chemical stability. It is well known24-28 that some
perovskites containing alkaline elements react with CO,. As CO» is one of the
components of air, which is often used as an oxidizer for the fuel cell, there may
be a chemical interaction between a BSCF and CO», leading to degradation of
the cathode.

Yan et al.29 investigated the interaction between CO, and BSCF using TPD
in the presence and absence of Oo and H>O. They found that CO, could be
adsorbed and reacted with BSCF in the temperature range from 673 to 973 K,
thereby forming Srg gBag.4COs. In the case of adsorption of CO» without O», the
reactivity of CO» on the surface of BSCF increased with increasing temperature.
CO, and O were competitively adsorbed on the BSCF. At 973 K, the oxygen
adsorption was the dominant reaction on the surface of BSCF. The presence of
water accelerated the “toxicity” of CO», which probably resulted in the formation
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of bicarbonate. Moreover, Yan et al. calculated important kinetic parameters,
such as activation energy, to see how strongly the adsorbent was bound to the
surface of the adsorbate.

Nomura et al.30 emphasized that oxygen vacancy in perovskite structures
could contribute to the formation of carbonates. They suggested that the perov-
skite oxides with oxygen vacancy in the crystal lattice, which are formed at ele-
vated temperatures, could easily adsorb CO,. The higher the temperature at
which the pretreatment was performed, the more oxygen vacancies were present,
which, as explained by the author, may be the reason for the reaction of BSCF
with CO5 being facilitated at high temperatures.

Arnold et al.3! reported the competitive adsorption of CO, and O,. They
noticed strong acceleration in the degradation of a BSCF membrane with inc-
reasing CO» content in the supply air.

Yan et al.32 found that CO, desorption starts at 713 K and reaches its peak at
980 K. Small particles of SrCO3, BaCO3 and SryBa;_«CO3 may decompose from
873 to 1023 K. They concluded that complete decomposition of carbonate
requires temperatures above 973 K. Finaly, they indicated that extremely clean
air should be used as an oxidizer when a BSCF cathode is operated at low
temperatures. In another study, Yan et al.33 examined the effects of CO, con-
centration and temperature on the performance of BSCF cathodes in SOFC at
temperatures from 673 to 1023 K and CO» concentrations from 0.28 to 3.07 %.
They concluded that BSCF cathode is not suitable for single chamber fuel cells
that use hydrocarbons as fuel, especially at lower temperatures.

Yang et al.34 reported on the catalytic activity of Bag »SrggCog.gFen 203,
which was degraded in a carbon dioxide atmosphere from 773 to 1073 K due to
the formation of carbonate on the surface.

In this paper, we present the results of an investigation of the reactivity of
BSCF with oxygen and carbon dioxide, in various gas mixtures and under var-
ious temperatures. Six different gas mixtures were used. Results were fitted to
reaction isotherms based on the well-known mathematical models 1 (Freundlich)
35 and 2 (Langmuir).36 The performed calculations based on the reaction iso-
therms provided valuable insight into the in situ behavior of BSCF.

EXPERIMENTAL

Phase pure BSCF powder (Praxair) was annealed in air at 1273 K for 6 h. XRD analysis
(Siemens D5000 diffractometer using a Cu-K,, X-ray tube (1 = 154 nm)) was performed on
the resulting material, confirming the presence of single phase BSCF. The employed BSCF
had a specific surface area close to 2 m? g1 as determined by the Brunauer—-Emmett—Teller
(BET) method.

Non-stoichiometric ratios of oxygen and CO, adsorption were measured by a set of TGA
measurement (Netzsch STA 449 C with rhodium—platinum furnace) as a function of oxygen
partial pressure and temperature. The gas flows were controlled using flow meters (Bronk-
horst, GmbH, Germany) with magnetic valves. The platinum crucible and slip-on plate were
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conditioned for the measurement by heating to 1073 K. The non-stoichiometric ratio of oxy-
gen was measured under isobaric conditions under an atmosphere of Ar or Ar and O,. Six
different gas mixtures were used (60 cm3 min't Ar, 55 cm3 min'? Ar + 5 cm3 min't O,, 50 cm?3
min't Ar + 10 cm3 mint O,, 45 cm3 mint Ar + 15 cm3 mint O,, 40 cm3 mint Ar + 20 cm3
minl O, and 35 cm® mint Ar + 25 cm3 min'l O,). Temperature program included heating
t01073 K at a heating rate of 10 K min"1 with a 30-min-long isothermal dwell time. |sothermal
dwell times were chosen in order to keep the system in a state of dynamic equilibrium. Sub-
sequently, the sample was cooled to 973 K and then to 873 K at a cooling rate of 0.5 K mint
with 30-min-long isothermal dwells. In all experiments, the samples were considered in a
thermodynamic equilibrium when the sample mass attained a constant value. The equilib-
ration time was chosen according to this condition. After cooling to873 K, samples were again
heated to 1073 K with an isothermal dwell at 973 K.All measurements were corrected by the
results of a correction measurement, which was performed under the same conditions as a
sample run. For each measurement, the sample mass was 700 mg.

The absolute oxygen non-stoichiometry was determined by complete reduction of a
BSCF sample in a5 vol. % mixture of Ar and H, under isothermal conditions at 1073 K for
about 24 h. The oxygen partial pressure of the reducing atmosphere was measured by a
Rapidox 2100 oxygen sensor (Cambridge Sensotec Ltd., UK). After the reduction experiment,
the X-ray diffraction pattern of the sample confirmed the complete decomposition of the
perovskite phase into the constituent oxides. Experiments measuring carbon adsorption were
performed using different CO,/O, gas mixtures with a congtant gas flow (10 cm? min'1).
Bag 55r05C0g.gFen g03.5 Was subjected to the initial treatment in air at 773 K for 60 min in
order to remove traces of moisture. The sample weight in all experiments was 200 mg. All
measurements were performed in a Pt crucible. The TG analysis of CO, adsorption onto
BSCF was performed at 673, 773, 873 and 973 K. Each isothermal step lasted 480 min with
the intention of system mass equilibration. Gas mixtures of 1, 10 and 100 % CO, were used
for the adsorption, as presented in Table |. The rate of heating/cooling was 10 K minl in all
experiments. The corrective measurement was performed with the same temperature and
atmospheric parameters as used for the measurement in 100 % CO,,

TABLE |. Gas mixtures used for measurements of CO, adsorption by Bag 5Srg 5C0q gF€p 20a.5

. . Other
Gas mixture Purity characteristics Producer
100 % CO, gas CO, >99.998 %, O, < 2 ppm, 40 dm3 Carbagas, Switzerland
H,0 < 3 ppm, N, < 8 ppm, Quality 48
H, < 0.5 ppm,
CO <1 ppm, CyHm < 5ppm
10 % CO, gasin O, CO, by analysis 10 % 40 dm?, Carbagas, Switzerland
(x2%rrel.)
CO, quality 40,
O, quality 48
1% CO, gasin O, CO, by analysis 0.997 % 40 dm3 Carbagas, Switzerland
(x2%rel.)
CO, quality 40,
O, quality 48
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RESULTS AND DISCUSSION

Non-stoichiometric ratio of oxygen in oxidizing atmosphere (p(O2) > 21000
Pa) was largely influenced by the temperature, as shown in Fig. 1. Change of the
oxygen non-stoichiometric ratio by the oxygen partial pressure showed that,
regardless of the temperature, a plateau of the partial pressure of oxygen occur-
red, near to the one that exists in the Earth’s atmosphere, indicating temporary
stabilization of the oxygen level in the material. Of course, such stabilization
could be interpreted as a relative change in the diffusion energy of the oxygen
ionsin the BSCF material.

2.92 4

——373K

—-023 K
—4—973 K
2.82 —-[023K
—=—1073K
2.8 T T T T
0 10 20 30

p(02)/ kPa

Fig. 1. Oxygen stoichiometry (3—9) of BSCF as a function of oxygen partia pressure at
different temperatures.

Although the process of change in the oxygen non-stoichiometric ratio in
BSCF cannot be understood as an adsorption process, it is possible to determine
the relation between the partial pressure of oxygen and the change in the mass of
the sample. Reaction isotherms based on mathematical model 1, as shown in Fig.
2, followed a linear dependence that opened the possibility of determining the
oxygen non-stoichiometric ratio in relation to oxygen partial pressure. The linear
correlation coefficients had high values (>0.99) with a tendency to increase with
temperature.

The sample mass changes obtained upon cooling were in strong agreement
with those obtained upon heating. Between 973 and 873 K, the non-reversibility
in mass change between the cooling and the heating process at a rate of 0.5 K
min—1 was around 0.06 %. (Fig. 3) As shown in Fig. 4, the sample morphology,
followed by scanning electron microscopy (SEM), remained the same before and
after the experiment, implying that the non-reversibility was not a consequence
of grain growth. Oxygen sorption and desorption are chemical processes respon-
sible for the stoichiometric change of BSCF material. Thus, it could be concluded
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that the adsorption hysteresis is due to the different chemical processes during
heating and cooling.
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Fig. 2. Reaction isotherms based on mathematical model 1 for the system BSCFO, with the
corresponding equations and linear correlation coefficients (y(873 K) = 4636.9x — 5982,
Rz = 0.9924; y(923 K) = 4123.1x — 4974, R2 = 0.9934; y(973 K) = 3779.3x — 4430,

R2 =0.9937; y(1023 K) = 3412.2x — 3818, R? = 0.9942,

y(1073 K) = 3144.5x — 3229, Rz = 0.995).
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0.6920 i i i i i i (1—>2) and heating (2—3) between

860 880 900 920 940 960 oso 973 and 873 K under 10 cm® min't
T/K O, + 50 cm3 min'l Ar gas mixture.

The value of the initial oxygen stoichiometry obtained by the complete
reduction of BSCF was 3-6 = 2.6. Initial oxygen stoichiometry, as found by
various authors, is presented in Table I1. Its value is determined by many factors,
including the method of synthesis, and the values can vary from 2.48 to 2.79.

Concerning BSCF, it was assumed that the non-stoichiometry is governed by
the reduction of iron from Fe3* to Fe2*, and cobalt from Co3* to Co2*. It is well
known that Sr and Ba always keep their valence states and, therefore, do not
influence oxygen non-stoichiometry.37
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Ta
(right) oxygen

non-stoichiometry TG measurement.

TABLE Il. Summary of the experimental results for Bay5Srg5C0ggFey20a.s initial oxygen
stoichiometry found by various authors

Authors Initial oxygen stoichiometry
Mclntosh et al.1” 2.48
Zeng et al .18 2.68
This study 2.60
Girdauskaite et al.23 2.75
Wang et al.22 2.79

Taking into consideration that Co3* is reduced at alower temperature38 than
Fe3*, and that in BSCF, the molar fraction of Co is greater than the mole fraction
of Fe; it could be presumed that oxygen non-stoichiometry is guided mainly by
Co3* reduction.

The BSCF sample mass as a function of temperature and CO» concentration
was followed during reaction with CO» by thermogravimetry (Fig. 5). It should
be noted that the equilibrium mass ratio established at a given temperature caused
by the reaction with CO, was not corrected for changes in mass resulting from
the temperature-dependent oxygen content in the material. There was no signi-
ficant reaction with CO, at 673 K regardless of the relative CO,/O5 ratio in the
atmosphere. Considerable variation in the reactivity of the BSCF—CO, system
was observed at 773, 873 and 973 K. Increasing temperature and partial pressure
of COo resulted in an increased reaction rate and the creation of carbonate at the
surface of BSCF. The reaction rate in 1 % CO» was relatively small and there-
fore, no weight stabilization could be observed during 480 min isothermal hesat-
ing. Reaction rates in 10 % and especially in 100 % CO, were higher than in the
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previous case, leading to equilibration of the BSCF sample mass. In the case of
two-component gas mixtures (10 and 1 % CO» in oxygen), there was a possi-
bility of competitive adsorption and reaction of both molecules. Oxygen is abs-
orbed and desorbed from the perovskite structure depending on the oxygen par-
tial pressure in the surrounding atmosphere and temperature. The concentration
of surface oxygen vacancies depends on the stoichiometric ratio of oxygen in the
BSCF structure. These surface vacancies represent possible active sites for
further reaction of oxygen and other small molecules, in the present case, CO».
Oxygen vacancies could play the role of active adsorption centers, enabling a
chemical molecular mechanism. In the case of reaction with CO» and related
reactions on the surface, various chemical forms may occur, bonded linearly or
through a chemical bridge. Based on the experimental results related to the non-
-stoichiometric ratio of oxygen, it is clear that the change in the oxygen content
in the material (due to changes in temperature and the oxygen partial pressure)
occurs rapidly and that the system is continuously in a state of dynamic equi-
librium. In this regard, after equilibration of the system (after a short time) at a
constant temperature and partial pressure of oxygen in the atmosphere, the com-
petitive adsorption and reaction of oxygen and CO, should not be considerable.
900
800 -
700
600 +
500
400 +
300
200 +
100
04

T/K

10% CO,

100% CO,

T
(=)}
o, ‘a8ueyd sseN

T T T T
0 500 1000 1500 2000
Time, min

Fig. 5. Mass change of BSCF samples during isothermal steps (673, 773, 873 and 973 K) due
to adsorption from 1, 10 and 100 % CO, mixtures.

After adsorption, a molecule of CO» reacts with BSCF material to form car-
bonates.34 1t could be assumed that penetration and reaction of oxygen is pro-
vided through the entire structure of BSCF, while the penetration of CO, fol-
lowed by the creation of carbonate is limited to the surface only.34 It is clear
from the experimental results that with increasing temperature, such a monolayer
does not prevent further reaction with CO,. Simultaneously with the temperature
change, there is dso a change in number and availability of oxygen vacancies
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and a change in the reactivity of CO». The increase in the reaction rate with tem-
perature and partial pressure of CO» could be explained by the above-mentioned
effects. At 673 K in an atmosphere of CO,, no reaction was recorded. The expla-
nation for this may be the low reactivity of CO» with BSCF at this temperature
and a dlightly lower concentration of defects associated with the non-stoichiomet-
ric ratio of oxygen. As the experiments were realized in a dynamic (permanent
fluctuating) atmosphere and that elemental carbon (C) is practically absent from
the whole system, it could be assumed that the 100 % CO» system behaves in
Boudouard balance3® (2CO S CO, + C) and only negligible amounts of CO
were formed. In the two-component systems, i.e., with 10 and 1 % CO> in the O»
mixture, the possibility of CO formation is even smaller.

Already at this stage and based on the very slow mass equilibration of the
system, it could be concluded that studied interaction of CO, with BSCF may be
described as chemical adsorption and reaction. At lower concentrations of carbon
oxides (1 %), the adsorption process did not proceed to completion, which means
that the weight at the end of the process is not the maximal and that the decrease
in concentration increased the time required for equilibration, and the uncertainty
in the formulation of the maximum adsorbed mass.

Adsorption is a very complex phenomenon.40 For this main reason, there is
no single model of adsorption that would give a universal mathematical des-
cription of adsorption isotherms that could be used at the borders of al phases
and when any physical or chemical adsorption is present. In this study, the reac-
tion of CO, on the surface of BSCF perovskite was described by reaction iso-
therms based on two mathematical models. As the content of oxygen in BSCF
varies and the mass is dependent on temperature and partial pressure of oxygen
in the surrounding atmosphere, it was difficult to obtain correct molar mass and
amount of BSCF in a continually varying atmosphere. Therefore, in this study,
the reaction isotherm based on mathematical model 1 was used in such away that
the amount of reacted substance was included as the mass (Fig. 6). An additional
benefit of this approach is that the precise chemical form of the carbon oxides
deposited on BSCF does not modify the used relation. The parameters k and 1/n
of the corresponding line equation (Table 111) were deter-mined from the linear
form of reaction isotherms based on mathematical model 1 (Fig. 7).

The reaction isotherm based on mathematical model 2 was modified in the
same way as for the reaction isotherm based on the mathematical model 1 and it
was applied to describe the reaction of CO, with BSCF (Fig. 8). The reaction
isotherms based on mathematical model 2 are expressed by the equation given in
Table 1V, where k; and ko are constants. Experimental data are well described by
this reaction isotherm, especialy at 873 and 973 K, at which temperatures com-
pletion of the reaction was observed and it could be concluded that the system
was in thermodynamic equilibrium. The coefficients of determination R2 increase
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m(CO2) (m(BSCF))

0 20 40 60 80 100
p (CO2)/kPa
Fig. 6. Reaction isotherm based on mathematical model 1 for the system BSCFCO,.

TABLE Ill. Linear form of the reaction isotherm based on mathematical model 1. Values of
the constants k and 1/n

T/K
Perameter 773 873 973
k/ kPal/n 7.9712 5.3278 4.2434
1/n 0.3891 0.272 0.1901
27
=
25
= Fig. 7. Linear form of the reaction
OE N isotherm based on mathematical
< model 1 for the system BSCFCO,
§ ——773xk  with the corresponding equations
= -5 —&-3873K and linear correlation coefficients
——973K (Y(973 K) = 0.190x — 4.243, R? =
6 . , . ; . =0.932; y(873 K) = 0.272x — 5.327,
6 7 8 9 10 11 R = 0.971; y(773 K) = 0.389x —
In (p (CO2)/kPa) —7.971, R2=0.998).

with temperature for both linear isotherms, while their absolute values are in
favor of the reaction isotherm based on mathematical model 2. Thus, it could be
concluded that the reaction isotherm based on mathematical model 2 better
described the reaction of CO» at the surface of the BSCF system.

The comparison of the XRD results of the different samples after completion
of the experiments presented in Fig. 9 indicates that a chemical reaction of
carbon oxides occurred during which the Srg gBag.4CO3 phase forms. The inten-
sity of the peaks attributed to the perovskite phase decreased with increasing con-
centration of carbon oxides in the atmosphere.
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Fig. 8. Linear form of the reaction isotherm based on mathematical model 2 for the system
BSCF-CO, with the corresponding eguations and linear correlation coefficients
(Y(773 K) = 30.36x + 314.6, R = 0.992; y(873 K) = 9.142x + 40.20, R? = 0.998;
y(973 K) = 8.164x + 17.67, Rz = 0.999).

TABLE IV. Linear form of the reaction isotherm based on mathematical model 2. Values of
the constants k; and ky

T/K
Parameter 773 873 973
ki / Pal 0.0965 0.227 0.462
ko 0.0329 0.109 0.122
o T 100% CO,
| I 10% CO,
5000 I 1 co,
. 40004
g
e ]
é 3000 p

2000

20 30 40 50 60 70 80 90 100

20/ °
Fig. 9. Comparison of the XRD patterns of the BSCF samples after adsorption from 100, 10
and 1 % CO,. p: perovskite, C: SrggBag 4COs.

CONCLUSIONS

Oxygen non-stoichiometric property of BSCF has been presented and dis-
cussed in conjunction with the findings of other authors. Oxygen non-stoichio-
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metry was investigated by thermogravimetry as a function of oxygen partia pres-
sure in the temperature range 873-1073 K. The absolute oxygen non-stoichio-
metry was determined by the complete reduction of BSCF. Non-stoichiometry in
an oxidizing atmosphere (p(O2) > 21000 Pa) was found to be largely influenced
by the temperature. Due to the higher molar fraction of Co vs. Fe and the greater
affinity for Co2* reduction, it could be argued that the oxygen non-stoichiometry
is guided mainly by Co reduction. The defined reaction isotherms for the BSCF—
-0O- system follow a linear dependence, opening the possibility for controlling
the oxygen non-stoichiometry ratio by changing the partial pressure of oxygen.

The reaction of carbon oxides with BSCF perovskite was observed at 773,
873 and 973 K. The reaction rate increased with increasing temperature and with
increasing concentration of CO» in the atmosphere. A reaction of CO> with
BSCF perovskite was not observed at 673 K. The increase of reaction rate with
the increasing temperature for the same mixture of gases (in terms of the initial
concentrations) could be attributed to the increased concentrations of oxygen
vacancies and/or increased reactivity of the CO,—BSCF system. Since there is no
reaction present at 673 K, despite the presence of oxygen vacancies, it can be
assumed that CO» does not react with BSCF at or below this temperature.

The XRD measurements clearly showed the presence of SrggBag4CO3
phase indicating that chemical reaction occurred in the system. Such an inter-
action of adsorbate and adsorbent implies the presence of Lewis active sites on
the surface of the perovskite, very likely oxygen vacancies sites. This chemical
reaction of BSCF perovskite and CO, can be completely described by:

2ABO3_s +2C0O, ——=2AC0O3 + B>03 + (%j 0> (D)

where ABOgs is the general chemical formula for perovskite compound with A
and B standing for cations of very different sizes The formation of carbonate ions
was realized by interactions with the negatively charged atomic oxygen ions 0%~
(Lewis bases) of the complex metal oxides and the positively charged carbon
atoms C* (Lewis acid).41

The maximum measured weight gain (at 973 K and in 100 % CO») was 12 %.
During 480-min-long reaction with CO, from 1 and 10 % mixtures, no mass
equilibration was attained, which suggests that the reaction of CO, with BSCF
from these gas mixtures was not completed. Due to the very rapid changes in the
material regarding the oxygen content related to the temperature and partial pres-
sure of Oy, it does not seem likely that competitive adsorption and reaction of O,
and CO» is present during the period of 480 min.

It is recommended that extremely pure air be used as an oxidant when BSCF
is operated as a cathode material at low temperatures. Furthermore, a BSCF cath-
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ode is not suitable for single-chamber fuel cells that use hydrocarbons as a fuel,
especially at lower temperatures.

By careful observation of the isotherm, it could be noticed that the reaction
at 973 K went to completion and that a plateau formed. At 873 and especially at
773 K the plateaus were poorly defined. Both types of reaction isotherms, (linear
forms) sufficiently describe the BSCF—CO, system. However, based on the
results of the linear correlation coefficient, the linear form of reaction isotherm
based on mathematical model 2 was more successful in describing the system,
especially at higher temperatures. The reaction isotherms registered only one
“plateau” .

HU3BO[JO
TIPOMEHE [TEPOBCKUTHOT OKCHIA Bag 55Ty 5Cog gFeg ,03_s [IPY TPEJAIBY ¥
ATMOC®EPY KHCEOHHKA Y YTJbEH-TUOKCHIA

SASA ZELJKOVIC', TONI IVAS?, SEBASTIEN VAUCHER®, DIJANA JELIC' u LUDWIG J. GAUCKLER?

TUniversity of Banja Luka, Faculty of Natural Sciences and Mathematics, Mladena Stojanovica 2, 78000
Banja Luka, Bosnia and Herzegovina, 2ETH Ziirich, Department of Materials, Wolfgang-Pauli-Str. 10,
CH-8093 Ziirich, Switzerland, 3Swiss Federal Institute for Materials Research and Testing, EMPA,
Feuerwerkerstrasse 39, CH-3602 Thun, Switzerland u *University of Banja Luka, Faculty of Medicine, Save
Mrkalja 14, 78000 Banja Luka, Bosnia and Herzegovina

Marbak KHCEOHHKA, J, y hopMynu neposckuTa Bag 5Srg 5Coq gFep 203-5 (BSCF) mepen je
TEPMOTPABUMETPHUjCKA Yy (PYHKUUjU MApPLHjaJHOT NMPHUTHCKa KuceoHwka, p(0Oj), y omcery
1,1x10°5-41,67 % na nosumenum Temneparypama (873—1073 K). Mamak KuCEOHHKa MOCTaje
Behu ca nosehaweM T u ca cMamewmeM p(0,). Onpehene cy nsotepme 0—p(0,) 3a pasnuuuTe
temneparype. McnutusaHa je peakuuja CO, ca BSCF y oacyctBy u npucyctsy O, Ha TeMIie-
paTypama of, 673 mo 973 K taxohe metogom Tepmorpasumertpuje. Peaxrusroct CO, ca BSCF
ce nosehasana ca nosehamem Temmeparype u usnoxeHoctu CO, racy. 3a OBy peakuujy ompe-
hene cy paBHOTexHe peakiuoHe n3otepme. Pesynratu XRD yxkasyjy na ce peakuujom ca CO,
¢opmupajy xapdoHaTH.

(TTpumisero 24. okrobpa 2013, peBuanpano 5. MapTa, npuxsaheHo 7. mapra 2014)
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