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doped zirconia (YSZ)/Pt half-cells exhibited a relatively faster degradation in current (Iet) at
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0.5 V applied bias than the LSCF/gadolinium-doped ceria (GDC)/Pt half-cells. Cr species
from the gas phase deposited predominantly at LSM/YSZ interface while LSCF showed
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mainly surface deposition throughout the electrode. Raman spectra indicate SrCrO4
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formation on the post tested LSCF cathode but not on the post tested LSM cathode. The
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polarization resistance of the LSM cathode also increased significantly compared to that of

Cathode degradation

the LSCF cathode. A linear programming approach coupled with first-principles thermo-

Clean energy

dynamics suggests that the stoichiometric LSM remains stable and unreacted for the whole
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range of experimental PCrO3 and temperature conditions whereas the formation of SrCrO4
on LSC cathode is energetically favored at 1023 K supporting the experimental findings.
© 2017 Hydrogen Energy Publications LLC. Published by Elsevier Ltd. All rights reserved.

Introduction
Poisoning of cathode from the gaseous chromium species
(Cr6þ) originating from the cell to cell interconnect (IC) and
balance of plants (BoP) materials have been considered as one
of major causes for near and long term electrochemical performance degradation in solid oxide fuel cells (SOFC) and
electrolysis cells (SOECs) [1e3]. Although the advantages of
SOFC power generation systems in terms of modularity of

construction, applications in centralized and distributed
power generation, fuel flexibility and significantly higher
electrical efficiency (chemical to electrical) along with smaller
carbon foot print and absence of pollutants are well documented, successful commercialization of the technology requires long term performance stability, and systems reliability
[4]. SOECs, operated in the regenerative mode of SOFCs for the
production of clean oxygen, hydrogen and syngas fuels by
electrolysis of H2O and CO2, share similar long term
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performance and reliability concerns and challenges for large
scale market implementation [5e7]. Performance degradation
in the above electrochemical systems is largely associated
with the structural and chemical degradation of the electrochemically active components in the stack modules whereas
the overall system cost effectiveness is dictated by the cost of
bulk and coating materials, processing techniques used and
BoP subsystem requirements. Single SOFC cells, consisting of
porous fuel electrode (anode), dense electrolyte layer, and
porous oxygen electrode (cathode), are connected through
electronically conducting interconnects and gas separators in
series to form SOFC stacks [8]. Oxygen reduction at the cathode has been considered as the main rate limiting factor to the
SOFC electrochemical performance [9,10]. Compared to an undoped LaMnO3 (LaCoO3), A-site doped (alkaline earth) perovskites and interfacial coating offer increased ionic and electronic
conductivity
for
improving
electrochemical
performance [11,12]. Strontium doped lanthanum manganite
(LSM) containing a dispersed phase of yttrium doped zirconia
(YSZ) electrolyte is the state-of-the art cathode for SOFC's
operating at high-temperatures (>1073 K). Both A and B site
doped lanthanum strontium cobalt ferrites (LSCF) have been
extensively used as the cathode for intermediate temperature
(823e1023 K) SOFCs due to their high mixed ionic and electronic conductivity and excellent thermal and chemical
compatibility with gadolinium-doped ceria (GDC) [13]. By
lowering operating temperature, inexpensive ferritic stainless
steel (FeeCr alloy) is used for the ICs and BoP, thus reducing
the cost of SOFC power systems.
Both LSM and LSCF cathodes offer excellent structural and
chemical stability under SOFC (SOEC) fabrication and operation conditions [14]. The presence of intrinsic impurities (H2O,
CO2, and SOx/H2S) and extrinsic impurities (gaseous Cr species) in air [15e17] leads to the oxide segregation (SrO, MnOx)
[18e21], compound formation (SrCrO4, SrCO3) [22e25], and
electrochemical performance degradation during long-term
operation [23]. Water vapor in the cathode atmosphere results in the segregation of strontium oxide/hydroxides at the
gasesolid interface and formation of lanthanum zirconate at
the solidesolid (cathode-electrolyte) interface leading to
electrochemical performance degradation of 3e15% during
long term operation (100e1000 h) [26]. The degradation,
arising solely due to water vapor, can be partially regained by
chemical and thermal treatment including an increase in the
operating temperature or removal of water from the air
stream [27]. Presence of hexavalent gaseous chromium species such as CrO3, CrO(OH)2 and CrO2(OH)2, originating from
metallic ICs and BoP components, by a water vapor-mediated
volatilization [28], leads to the deposition of chromium oxide
and chromium containing reaction products at the cathode
surface [29]. Combined presence of water (3% H2O) and chromium vapor in the LSM cathode atmosphere has been reported to accelerate the irreversible degradation of cell
electrochemical performance [1]. Sr-enriched surface and
interface, as reported above, serves as nuclei for SrCrO4 formation. Presence of Mn2þ in the LSM cathode due to PO2
gradient under polarization serves as nuclei for Mn-Cr spinel
formation [30].
The surface morphological evolution at the LSM and LSCF
cathodes, in terms of structural changes and related

compound formation, during exposure to water and chromium vapor shows significant differences in terms of cathode
surface and cathode/electrolyte interface morphology and
chemistry. Under cathodic polarization conditions, for the
LSM cathode, presence of chromium was mainly observed at
the LSM/YSZ interface with a lower concentration of chromium distributed across the LSM after a single-cell was
exposed to a E-Brite interconnect for 100 h [31]. For the LSCF
cathode, high chromium deposition was observed near the
LSCF cathode surface with decreasing Cr concentration towards the LSCF/GDC interface. Approximately 1.7 mm of solid
Cr containing deposits formed on LSCF cathode surface in
presence of the metallic interconnect at 1173 K [29]. Trace
amounts of Cr and Sr at LSCF surface with 20-nm depth layer
was detected in the presence of 2 atom% Cr by In-situ X-ray
photoelectron spectroscopy (XPS) [32]. The formation of
SrCrO4 at the LSCF cathode surface has been confirmed by
Raman spectroscopy [33]. Increase in Cr concentration in the
cathode inlet gas significantly increases the cathode polarization resistance [34] and operating temperature and chromium vapor pressure are two key factors influencing the
chemical reactions between chromium and the cathodes (LSM
and LSCF) also termed as “chromium poisoning”. This study
investigates formation of reaction products between Cr deposits and LSM (LSCF) electrodes under different Cr partial
pressures using a thermodynamic analysis approach. Typical
experiments are also conducted to examine the results form
thermodynamic analysis. The developed thermodynamic
model helps predict the stability of LSM and LSCF cathodes in
a wide range of operating conditions.
First-principles methods have been used to systematically
identify thermodynamically favorable reaction products for
multi component systems based on their successful application in multi component hydrogen storage [35] and CO2 capture [36] systems. Here, we employ a similar approach to
identify the decomposition pathway and reaction energetics
of La0.75Sr0.25MnO3 and La0.5Sr0.5CoO3 compounds with a
representative Cr species at experimental temperatures and
pressure conditions.

Experimental and computational analysis
Experimental
Cell fabrication and electrochemical test procedures used in
the study have been discussed in earlier publication [26]. LSM/
YSZ/Pt and LSCF/GDC/Pt half-cells have been fabricated by
screen-printing technique using LSM (La0.80Sr0.20MnO3x) and
LSCF ((La0.60Sr0.40)0.995(Co0.20Fe0.80)O3x) ink pastes obtained
from FuelCell Materials. The YSZ and GDC (~185 ± 25 mm) discs
were also obtained from FuelCell Materials. Pt gauze, Pt paste,
and Pt wires (Alfa Aesar) have been used as current collector
and electrical contacts during experimental studies. The
fabricated half-cells were subsequently sintered in a furnace
at 1473 K for 2 h with a ramp rate of 3 K/min. Electrochemical
half-cell tests to evaluate the chromium poisoning of LSM and
LSCF cathode have been performed at 1023 K using an
experimental test setup shown in Fig. 1.
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Fig. 1 e Schematic representation of the electrochemical
test setup for half-cell performance evaluation. Tests were
performed at 1023 K in air-3% H2O atmosphere.

Electrochemical tests on fabricated half cells (LSM/YSZ/Pt
and LSCF/GDC/Pt) were conducted in chromium-vapor (in
equilibrium with pure Cr2O3) containing wet air (3% H2O/air)
for 100 h at 1023 K. Electrical performance (Iet) as well as
chemical analysis for the presence of Cr in the cathode was
performed for both cells. Electrochemical performance of the
half-cells was measured using a multi-channel potentiostat
(VMP2, Bio-Logic). The potentiostat connected the half-cells by
three-electrode configuration: LSM (LSCF) cathode, Pt anode,
an additional Pt wire connected at the edge of the YSZ (GDC)
electrolyte as a reference electrode. The electrochemical
impedance spectra (EIS) between the cathode and reference
electrode were obtained under a bias of 0.5 V and in the frequency range from 0.5 Hz to 200 kHz with an applied 10 mV
sinus amplitude at an interval of 1 h. The morphological and
elemental analyses were performed using an FEI Quanta 250
FEG scanning electron microscope (SEM) attached with an
energy dispersive X-ray spectroscope (EDS). Raman spectra
were recorded on Renishaw System 2000 using a 514 nm
excitation line. A Bruker AXS D-8 Advance X-ray diffractometer (XRD) was used for the identification of phases present in
both pre- and post-test cells.

3

density functional theory as implemented in the VASP code
[37]. The exchange correlation is treated using the generalized
gradient approximation (GGA) with PerdeweBurkeeErnzerh
of exchange-correlation (PBE) function [38]. The projector
augmented-wave (PAW) potentials were used to describe the
core states. All calculations were performed with a cutoff
energy of 520 eV and a high density MonkhorstePack k-point
grid was used. The atomic positions were relaxed until the
force on each atom fell below 0.02 eV/
A.
The energetically most favorable reaction pathway of each
of the reactions was obtained using a linear programming (LP)
approach. A modified procedure with the involved equations
has been reported in earlier publication [39]. The energies of
all possible decomposition products of the reaction were
introduced into a linear equation with a coefficient. Minimizing these coefficients under the stoichiometry preservation constraints leads to the energetically favorable reaction
pathways. The decomposition products in the pool include
the elemental metals, their binary oxides, and the doped and
undoped parent compounds. In addition, the ternary Cr oxide
of each cation involved in the reaction is also included. LP
minimization is also repeated for varying concentration of the
gaseous Cr species (CrO3) and for a particular temperature to
obtain the free energy as a function of CrO3 partial pressure.
The same procedure is carried out for the temperature range
of interest to obtain the phase diagram of reaction energetics.

Results
Electrochemical performance
Fig. 2 shows electrochemical performance of LSM/YSZ/Pt and
LSCF/GDC/Pt half-cells in the presence of chromium and
water vapor at 1023 K. The LSM/YSZ/Pt half-cell exhibited
rapid and large performance degradation in the presence of
chromium vapor while the LSCF/GDC/Pt half-cell showed only
small performance degradation in the 100 h tests.

Computational analysis
Density functional theory (DFT) is used to study materials at
the atomic level. Bulk reaction thermodynamics of SOFC
cathodes and CrO3 system have been studied using firstprinciples thermodynamics. La0.75Sr0.25MnO3 and La0.5Sr0.5CoO3, considered in the experimental section, were chosen as
representatives of the LSM and LSCF cathode materials,
respectively. We employed DFT calculations to obtain the
ground state energies of various compounds (La, Sr)MnO3d
(d ¼ 0, 0.125), (La, Sr)CoO3, MnxCr3xO4 (x ¼ 1, 2), SrCrO4,
LaCrO3, CoCr2O4, binary oxides and metals. La0.75Sr0.25MnO3
and La0.5Sr0.5CoO3 were relaxed in the cubic supercell and the
ground state structures were considered for the rest of the
compounds. Spin polarized calculations are performed using

Fig. 2 e Iet curves of LSM/YSZ/Pt and LSCF/GDC/Pt half
cells. Tests were conducted at 1023 K with 150 sccm of 3%
H2O/air flowing through a Cr2O3 powder bed and an
applied bias of 0.5 V.
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The Nyquist spectra of the LSM and LSCF cathodes,
measured by the three-electrode configuration, are shown in
Fig. 3. The total resistance of the LSM cathode increased from
5.5 U/cm2 to 30 U/cm2 in 100 h of exposure to chromiumcontaining air mainly due to increase in polarization resistance. The polarization resistance rapidly increased in the first
20 h and then remained relatively unchanged for the
remaining 80 h. Compared to the impedance change of the
LSM cathode, the total resistance of the LSCF cathode only
increased from 0.59 U/cm2 to 0.63 U/cm2 in 100 h of exposure
to chromium-containing air and the small impedance increase was attributed to both increases in polarization and
non-polarization resistances.

approximately 1% Cr. Compared to the results obtained for the
LSCF cathode, the presence of Cr on the LSCF cathode surface
increased by approximately 10.9% and the cathode/electrolyte
interface showed an increase of 1.6%.
Raman spectroscopy technique was used for the identification of surface compounds formed on the cathode surface.
Fig. 6 shows the surface of the post tested LSCF cathode with
the presence of SrCrO4 with two assigned strong peaks at 867.5
and 893.5 cm1 and small peaks at 378.8 and 406 cm1 [40]. A
broad peak between 639 and 689 cm1 was assigned to Co3O4
[33]. No such peaks of SrCrO4 were observed on the post tested
LSM cathode surface.

DFT calculation
Surface morphology
Changes in the LSM and LSCF cathode morphology due to the
exposure to chromium-containing air are shown in Fig. 4. LSM
cathode, exposed to humidified air (3% H2O/air) shows the
formation of a smooth surface without apparent segregation
of SrO on the LSM surface. The cathode surface after exposure
to chromium-containing 3% H2O/air for 100 h also remains
smooth and clean (Fig. 4B/C) as that of the sample exposed to
3% H2O/air. The LSCF cathode surface (Fig. 4E/F) after exposure
to chromium-containing 3% H2O/air for 100 h, on the other
hand, showed the development of roughness and formation
of a thin layer of chromium deposit compared to that of the
sample exposed to 3% H2O/air.
The fracture cross-sections of the cathode and the
cathode-electrolyte interface show the emergence of two very
different morphologies after exposure to 3% H2O/air in the
presence and absence of chromium (Fig. 5). The LSM cathode
shows that the deposition of chromium mostly occurs at the
LSM cathode/YSZ electrolyte interface (Fig. 5B). In the case of
LSCF cathode, however, the chromium was found to deposit
and cover the LSCF cathode surface and preferential segregation was not observed at the interface of the LSCF cathode/
GDC surface (Fig. 5D).
Table 1 shows the elemental analyses of cathodes at the
cathode surface and cathode/electrolyte interface. For LSM
cathode exposed to 3% H2O/air in the presence of chromium,
significant amounts of chromium (~10.8%) is found to accumulate at the interface of the LSM cathode/YSZ electrolyte
whereas the LSM cathode surface showed minor increase of

Fig. 7 shows the co-stability of reaction products based on
reaction energetics of La0.5Sr0.5CoO3 and La0.75Sr0.25MnO3 with
CrO3 at various PCrO3 and temperatures by DFT calculations.
The PCrO3 in the cathode air stream (with 3% H2O) at 1023 K is
assigned a partial pressure of 0.03  106 atm [1]. Points p and
q highlight the specific boundary and experimental conditions
of interest for this study. For the La0.5Sr0.5CoO3 cathode, the
study indicates establishment of two reactive (1 and 2) and
one non-reactive (3) area under the exposure conditions of
interest to SOFC operation. Considering the chemical stability,
an LSC cathode can be operated in the temperature range of
900e1300 K and the PCrO3 in the cathode flow is in the range of
1010e106 atm, which is marked by a blue dashed rectangle
in Fig. 7A that includes the reactive area 2 and non-reactive
Area 3. In practical applications, LSC cathodes normally
work at a low temperature range of 900e1050 K and
PCrO3>109 atm, which is located in the reactive area 2. Based
on the reaction energetics, LaCoO3, Co3O4, SrCrO4, and O2 is
energetically favored. It is noted that in the half-cell tests on
LSCF in chromium containing humidified air, Co3O4 and
SrCrO4 compounds were observed on the LSCF surface by
Raman spectra and SEM-EDS.
For the reaction of La0.75Sr0.25MnO3 cathode to CrO3, energetics shows the establishment of only a reactive area (4) and
a non-reactive area (5) in Fig. 7B. Although the reaction proceeds at higher CrO3 partial pressure with the formation of
Mn2O3, SrCrO4, LaCrO3 and O2 products, the window of operation of interest to SOFC is fully located in the non-reactive
Area 5. The bulk reaction energetics suggests that the

Fig. 3 e EIS spectra of the LSM cathode (A) and LSCF cathode (B) tested at 1023 K with 150 sccm of 3% H2O/air flowing through
a Cr2O3 powder bed.
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Fig. 4 e Surface morphologies of LSM and LSCF cathode exposed to 3% H2O/air in the absence and presence of Cr vapor at
1023 K for 100 h. A: LSM in 3% H2O/air, B and C: LSM in 3% H2O/air in the presence of Cr vapor, D: LSCF in 3% H2O/air, E/F:
LSCF in 3% H2O/air in presence of Cr vapor.

Fig. 5 e Fracture area analyses of LSM (LSCF)/YSZ (GDC) electrolyte in 3% H2O/air in presence and absence of Cr vapor at
1023 K for 100 h. A: LSM/YSZ interface in 3% H2O/air, B: LSM/YSZ in 3% H2O/air in presence of Cr vapor, C: LSCF/GDC interface
in 3% H2O/air, D: LSCF/GDC interface in 3% H2O/air and in absence of Cr.
Please cite this article in press as: Hu B, et al., Experimental and thermodynamic evaluation of La1xSrxMnO3±d and
La1xSrxCo1yFeyO3d cathodes in Cr-containing humidified air, International Journal of Hydrogen Energy (2017), http://dx.doi.org/
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Table 1 e Elemental analysis (selected area SEM-EDS) of LSM and LSCF cathode surfaces and cathode/electrolyte interfaces
after half-cell tests in 3% H2O/air for 100 h in the absence and presence of Cr vapor.
Element (%)

LSM cathode surface*

CrK (atom%)
LaL (atom%)
SrK (atom%)
MnK (atom%)
FeK (atom%)
CoK (atom%)

2.7 ± 0.2 (1.7 ± 0.1)
37.0 ± 1.8 (37.9 ± 1.9)
10.8 ± 0.5 (11.3 ± 0.6)
49.4 ± 2.5 (49.1 ± 2.5)
e
e

LSM cathode/
YSZ electrolyte
10.8 ±
23.9 ±
23.4 ±
41.9 ±
e
e

0.5
1.2
1.2
2.1

LSCF cathode
surface

LSCF cathode/
GDC electrolyte#

13.1 ± 0.7
23.3 ± 1.2
23.6 ± 1.2
e
31.5 ± 1.6
7.8 ± 0.4

3.8 ± 0.2 (2.2 ± 0.1)
27.6 ± 1.4 (28.0 ± 1.4)
19.5 ± 1.0 (20.6 ± 1.0)
e
38.8 ± 1.9 (38.5 ± 1.9)
10.4 ± 0.5 (10.3 ± 0.5)

Note: “*” and “#”: LSM and LSCF cathodes in absence of Cr, respectively.

Fig. 6 e Raman spectra of post tested LSM and LSCF
cathodes at 1023 K for 100-h tests in presence of chromium
vapor.

stoichiometric LSM remains unreacted as La0.75Sr0.25MnO3 for
the entire range of experimental PCrO3 and temperature.

Discussion
Experimental observations show that LSM and LSCF cathodes
exhibit two very different surface morphological evolutions
and time dependent electrochemical performance degradation during exposure to chromium-containing humidified air
atmosphere. The reaction process is schematically presented
in Fig. 8 based on experimental and first-principles study that

identifies thermodynamically favorable reaction products
formation under experimental temperature and pressure
conditions.
Strontium oxide segregation has been observed and
confirmed by X-ray photoelectron spectroscopy on both LSM
and LSCF cathode surfaces in earlier studies [41,42]. The
segregation of SrO has also been found to increase with the
water content, current density, and operating temperature
[26]. Reversibly, the surface Sr species has also been found to
be partially incorporated into the host lattice by cathodic
activation [24,43]. In the presence of gaseous chromium species present in humidified air (point p, Fig. 7), segregated SrO
present at the exposed surface of LSCF readily reacts with
chromium vapor and converts to SrCrO4 according to the
reaction:

SrO (s) þ CrO3 (g) / SrCrO4

(s)

(1)

General insights from the above energetics calculations
also reveal that La0.5Sr0.5CoO3 remains predominantly stable
at low CrO3 partial pressures and higher temperatures. However, at lower temperatures and with increase in CrO3 partial
pressures, a number of reaction products (Area 2) form. For
La0.75Sr0.25MnO3, on the other hand, absence of reaction
products formation is evidenced under wide ranging experimental and SOFC operational conditions.
DFT calculations [39] show that SrO-terminated LSCF113
has higher surface segregated Sr than the LSC113 (less Sr
enriched termination). SrO, detected by energy ion

Fig. 7 e Phase field and reaction energetics of (a) La0.5Sr0.5CoO3 (LSC) and (b) La0.75Sr0.25MnO3 with CrO3. The blue dashed
rectangle shows the experimentally relevant range of PCrO3 and T. Points p and q show the locations of experimental
conditions for this study for LSCF and LSM, respectively. (For interpretation of the references to color in this figure legend,
the reader is referred to the web version of this article.)
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Fig. 8 e Illustration of the morphology evolution in the presence of water and chromium vapor.

scattering spectroscopy, is also reported to dominate the
outer surfaces of LSCF cathode [44]. SEM observations
(Fig. 4F) and Raman spectra (Fig. 6) on post tested LSCF
samples show large amount of SrCrO4 deposition during
exposure to Cr-containing humidified air confirming the DFT
predictions.
The amount of surface Sr segregation for LSCF and LSM is
related to the strontium dopant concentration but more
importantly, the termination sites determine the surface
stability of the LSM and LSCF cathodes against oxide evolution
and reaction products formation. Lowering of Sr concentration in LSCF from 0.4 to 0.3 reduced SrO segregation but could
not eliminate Sr migration to the surface [45]. LSM lattice, on
the other hand, is terminated by MnO2 and SrO as found from
first-principles studies [46]. A smooth LSM cathode surface
observed on post tested samples (Fig. 4B/C) indicate largely
MnO2 and SrO termination leading to more chromium deposition resistant LSM surface compared to LSCF surface (Fig. 4E/
F) which is terminated by SrO.
The difference in the ionic and electronic conductivity
behavior of the LSCF and LSM also influences the surface
chromium deposition pattern across the exposed cathode
surface. A lower oxygen ion conductivity of LSM limits the
oxygen reduction reactions (ORR) to the triple phase boundaries (TPB) between the electrode, electrolyte and O2 [47]. Gas
phase chromium species, which is not chemically adsorbed in
the LSM cathode, is largely reduced to Cr2O3 (Cr3þ) and
deposited at the LSM/YSZ interface (Fig. 8C) according to
Reactions (2) and (3):

2CrO3

(g)

/ Cr2O3 (s) þ 3/2O2 (g) þ 6e

2CrO2 (OH) 2

(g)

/ Cr2O3 (s) þ 2H2O (g) þ 3/2O2 (g) þ 6e

(2)

(3)

It is noted that in the humidified air, reduction and deposition of chromium compounds from the hydrated gaseous
species play dominant role due to their higher partial pressures. For LSCF cathode demonstrating mixed conducting
(electronic and ionic conduction) behavior, oxygen reduction
reaction not only takes place at the TPB (as in the case of LSM)

but also at the free exposed surfaces in contact with the gas
phase. The surface of the porous LSCF cathode traps most of
the CrO3 and CrO2(OH)2 vapors until saturated with chromium
vapor. Un-trapped CrO3 and CrO2(OH)2 can be further reduced
at the extended TPB area near the cathode/electrolyte interface due to their excellent mixed ionic and electronic conductivity. The LSCF cathode, hence, shows improved
resistance to chromium poisoning and only show minor
electrochemical performance degradation as experimentally
observed (Fig. 2) [48].

Conclusions
Chemical and structural stability of two typical cathodes LSM
and LSCF have been compared using a combination of
experimental evaluation and thermodynamic prediction approaches. The electrochemical performance of cathodes has
been measured in the presence of gaseous chromium species
present in humidified air (3% H2O) using LSM/YSZ/Pt and
LSCF/GDC/Pt half-cells at 1023 K. During the 100h electrochemical tests, the LSM/YSZ/Pt half-cell exhibited a
rapid decrease in the current density with time while the
LSCF/GDC/Pt half-cell exhibited only a slight decrease in current density. SEM-EDS images revealed that Cr species
deposited mainly at LSM/YSZ interface while Cr deposited
mainly at LSCF surface. Raman spectra show SrCrO4 formation on the post tested LSCF cathode but not on the post tested
LSM cathode. The polarization resistance of the LSM cathode
showed larger increase than that of the LSCF cathode in the
presence of gaseous Cr containing air.
A linear programming approach coupled with firstprinciples thermodynamic analysis was employed to identify the decomposition products and reaction energetics of
La0.75Sr0.25MnO3 and La0.5Sr0.5CoO3 compounds in the presence of Cr vapor. The bulk reaction energetics suggests that
the stoichiometric LSM remains unreacted for the range of
experimental PCrO3 and temperature conditions whereas the
formation of SrCrO4 on La0.5Sr0.5CoO3 cathode is energetically
favored at 1023 K. Experimental results support theoretical
calculations.
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