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ARTICLE INFO ABSTRACT

Keywords: Perovskite-type oxides are promising materials for mitigating nitrous oxide (N2O) emissions. Although widely
Solid Oxide Fuel Cell (SOFC) studied for thermal N,O decomposition, their application in electrochemical N,O abatement in solid oxide fuel
Cathode

cells (SOFCs) remains largely unexplored. The double perovskite SryFe; sMogs0¢.s (SFMO) stands out for its
mixed ionic-electronic conductivity and redox stability; however, it exhibits low power conversion efficiency
when N0 is supplied to the cathode. This work focuses on improving SFMO performance by partially substituing
Fe with small amount of Co (SraFe; 5.,Co,Mo0g 5065 X = 0.05) to enhance its intrinsic and microstructural
properties, aiming to improve cathode performance under N»O conditions in a direct ammonia SOFC (DA-SOFC),
operating at 600-750 °C.

Electrochemical impedance spectroscopy revealed similar reaction mechanisms in both compositions, despite
notable microstructural differences caused by Co-doping. The denser SFCMO layers showed better grain con-
nectivity, nearly doubling the peak power density (~30 mW cm~2) compared to undoped SFMO, highlighting the

SryFe; sMog 5065 (SFMO)
Cobalt doping

Nitrous oxide abatement
Ammonia

beneficial role of microstructural alterations.

1. Introduction

Nitrous oxide (N2O) is the third most important long-lived green-
house gas after CO2 and CHy, contributing to global warming, acid rain
formation and ozone layer depletion [1]. Its major anthropogenic
sources include nitric and adipic acid production, food production, and
burning fossil fuels [2]. Reducing N2O emissions is therefore of great
importance and is typically achieved by catalytic reduction [2].
Although this process is efficient, it often relies on noble-metal-based
catalysts, which results in high costs [2]. In addition, it has been
widely reported that the removal of oxygen species formed during NoO
decomposition at active sites can act as a rate-limiting step, further
hindering reaction kinetics [3]. Therefore, its continuous consumption
would effectively overcome this limitation, and facilitate the regenera-
tion of surface-active sites and enable process intensification, thereby
greatly promoting NO conversion [3].

In this context, solid oxide fuel cells (SOFC), particularly, direct
ammonia SOFCs (DA-SOFCs), in which NoO decomposition and oxygen
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reduction reaction (ORR) are coupled in the cathode, represent a
promising alternative for NoO mitigation. Owing to their fuel flexibility
and resistance to poisoning, DA-SOFC can simultaneously reduce N»O
while converting the chemical energy of a fuel (NH3) into electrical
energy and useful value-added chemicals [4,5].

DA-SOFC has gained attention because NH3 can serve as a carbon-
free hydrogen carrier. Compared with Hp, NH;3 offers several advan-
tages, including easier liquefaction, higher volumetric energy density,
and safer storage and transportation [6]. When operated with N,O as the
oxidant, nitric oxide (NO) may be produced, a valuable intermediate for
nitric acid synthesis, thereby contributing to decarbonization and cir-
cular economy strategy [7]. However, N2O abatement in SOFC or DA-
SOFC remains scarcely reported in literature, particularly regarding
the limited understanding of the kinetics of N2O reduction mechanism at
the cathode, where N»O is reduced to N and O, and strongly depends on
operating temperature.

SOFCs operates at high temperatures (800-1000 °C), which enhance
electrochemical activity; however, this condition imposes constraints on
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material selection and long-term operation [5]. Therefore, intermediate
operating temperatures (600-750 °C) have become an important target
to balance performance and stability [8]. At these temperatures, how-
ever, sluggish kinetics of the oxygen reduction reaction (ORR) increases
polarization resistance, which remains a major contributor to overall
SOFC performance losses [5], and highlight the need for stable and
highly electroactive cathode materials that must combine catalytic ac-
tivity and efficient charge transport [6].

Among candidate materials, mixed ionic-electronic conducting
(MIEC) perovskites have emerged as leading cathode options [9]. In
particular, the double perovskite SroFe; sMogs50¢.s (SFMO) exhibits
strong redox activity and stability, along with excellent electronic (~20
S cm™1) and oxide-ion (~ 0.13 S cm ™! at 800 °C) conductivities [10,11].
However, its overall efficiency under an N3O cathodic atmosphere was
insufficient, particularly due to the low Faradaic efficiency observed
[12]. To enhance performance, the cathode material should exhibit a
higher concentration of oxygen vacancies and improved electrocatalytic
activity [11]. Cation substitution is widely used as a strategy to enhance
the properties of perovskites electrodes. In particular, cobalt substitu-
tion at the B-site of SFMO increases the fraction of tetravalent cations,
enhances oxygen mobility and reduction activity, and stabilizes the
cubic symmetry at room temperature, in association with higher oxygen
content [13,14]. All these characteristics can favour redox surface re-
actions and potentially reduce polarization resistance in electrochemical
systems [15], which are critical variables in the electrochemical
decomposition of nitrous oxide [16,17]. Co substitution is also reported
to modify Fe/Mo valence distribution, optimizing the Fe>*/Fe** and
Mo>*/Mo®" ratios, which often leads to improved electrocatalytic ac-
tivity and stability [11,13]. However, these effects have primarily been
reported under conventional SOFC operating conditions, and their
impact under NyO-containing atmospheres combined with NHs feeding
remains unclear.

The poor performance of SFMO may also be related to the limited
flexibility in optimizing its microstructure due to constraints on
applying high sintering temperatures. Insufficient densification result-
ing from these temperature limitations can compromise intergranular
contact, electrode-electrolyte adhesion, and porosity optimization,
thereby increasing polarization losses despite the intrinsically favorable
electronic and ionic properties of the material [18]. Improving the
microstructure of SFMO is challenging because, at relatively low tem-
peratures (~1000 °C), Sr can react with the YSZ electrolyte to form
strontium zirconate, a highly insulating phase [19,20]. This challenge
can be mitigated by using a CGO buffer layer. However, at temperatures
above 1200 °C, CGO is also reported to react with YSZ, which prevents
significant increases in the sintering temperature for electrode fabrica-
tion and, consequently, limits straightforward thermally driven micro-
structural tailoring [21,22]. These limitations highlight the need for
alternative strategies to tailor microstructure without increasing sin-
tering temperature. Doping the SFMO electrode with Co may also play a
secondary role, as it can induce microstructural changes without the
need for high sintering temperatures, given that Co is well known as a
sintering aid in perovskite-related materials [23].

Building on this insight, the main objectives of the present study are
to exploit Co as a means to tailor the intrinsic electrical properties of
SFMO, and thereby its electrocatalytic performance, and as a potential
sintering aid to improve its microstructure. While Co doping has been
widely explored in SOFC materials, its role in enabling simultaneous
microstructural optimization and electrochemcial performance under
NO-containing atmospheres, combined with direct NH; fuel feeding,
remains largely unexplored. In addition, strategies that improve elec-
trode performance without requiring high-temperature processing are
particularly relevant for Sr- and Y-containing systems where thermal
constrains limit conventional microstructural optimization approaches.
To the best of the authors’ knowledge, studies combining Co-doped
SFMO-type materials with NoO — containing atmospheres and direct
NHj fuel feeding remain very limited, highlighting the novelty of the
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present approach.

The present work, therefore, demonstrates that the use of low level of
Co doping (x = 0.05) in SryFe; sMog 506.5 (SFMO), forming SFCMO
(SraFe; 5.xCo,Mog 506.5), can simultaneously improve microstructure
and electrochemical performance under challenging cathodic N3O at-
mosphere in a DA-SOFC operating at intermediate temperatures
(600-750 °C). This approach provides an effective strategy to enhance
electrode performance without relying on high-temperature processing.
A comparative analysises between the SFMO and SFCMO is presented,
offering valuable insights into the relationships between microstructure,
catalytic activity, and electrocatalytic performance in SFMO-based pe-
rovskites, thereby contributing to the development of efficient and sta-
ble cathodes for NoO Electrochemical behavior was assessed through
polarization measurements and electrochemical impedance spectros-
copy (EIS).

2. Materials and methods
2.1. Catalyst preparation

The SroFe; 5.4C0,0¢.5 particles (with x = 0, referred to as SFMO and
x = 0.05, referred to as SFCMO) were synthesized via sol-gel method
[14]; The Co substitution level (x = 0.05) was selected as it provides a
suitable balance between an optimal Goldschmidt tolerance factor and
thermomechanical compatibility with other cell components, while
avoiding structural instability and the formation of secondary phases at
higher Co content [24].

Stoichiometric amounts of strontium nitrate, iron nitrate, and cobalt
nitrate (Sigma-Aldrich, purity > 99 %), as well as ammonium molybdate
(Sigma-Aldrich, purity > 99 %), were dissolved in distilled water. Eth-
ylenediaminetetraacetic acid (EDTA) was first dissolved in an aqueous
ammonia solution (25 %) and subsequently added to the nitrate solu-
tion, where it served as a gelling agent. The molar ratio of EDTA to total
metal ions was 1.5:1. The pH of the solution was adjusted to 10 by the
addition of aqueous ammonia under continuous stirring. The mixture
was heated to 90 °C, yielding black precursor gels. The resulting powder
was calcined at 800 °C for 2 h using heating and cooling rates of 3 °C
min’l. The calcined product was then ground in an agate mortar, pressed
into pellets, and subjected to a second calcination step at 1200 °C for 10
h to ensure phase formation and chemical homogeneity.

X-ray diffraction (XRD) analyses were performed using a Rigaku
SmartLab diffractometer (Cu K, radiation — 1.5406 A, 40 kV, 30 mA).
Diffraction patterns were collected over 26 range between 20° and 80°,
at a scan rate of 3 °C min .. Rietveld refinement was carried out to
determine the lattice parameters, employing a pseudo-Voigt peak profile
function for the peak fitting and a B-spline function to model the
background.

X-ray photoelectron spectroscopy (XPS) was employed to charac-
terize the surface of the cobalt-containing electrocatalyst (SFCMO),
specifically to determine the presence of cobalt at the perovskite surface
and its oxidation state. The analysis was performed using a SPECS
spectrometer equipped with a Phoibos 150 MCD-9 detector and a non-
monochromatic Mg K, X-ray source. The XPS spectra were collected
under a vacuum pressure of 10~° mbar, employing a pass energy of 20 eV
and an X-ray power output of 300 W. SFMO was also analysed by XPS,
and in this case, XPS spectra were acquired in an Ultra High Vacuum
(UHV) system with a base pressure of 2 x 107'% mbar. The system is
equipped with a hemispherical electron energy analyser (SPECS Phoibos
150), a delay-line detector, and a monochromatic AlK, (1486.74 eV) X-
ray source. High-resolution spectra were recorded at a normal emission
take-off angle and with a pass energy of 10 eV, which provides an overall
instrumental peak broadening of 0.5 eV. Data processing involved the
utilization of CASA XPS software, with Shirley-type background
correction.

Produced particles were analysed by Scanning Electron Microscopy
(SEM), FEI QUANTA 400 FEG ESEM / EDAX PEGASUS to evaluate the
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morphology and particle size of the obtained powders. The microscope
was operated at an applied potential difference of 15 kV, with a back-
scattered electron (BSE) detector and secondary electrons.

Thermogravimetric analysis (TGA) was conducted on a NETZSCH TG
209 instrument under synthetic air up to 1150 °C, with a heating rate of
5 °C min’! and a dwell time of 1 h at the final temperature. The sinter-
ability curves of each prepared catalyst were obtained by using a dila-
tometer L75 Horizontal Linseis over a temperature range between 21 °C
and 1200 °C.

The textural properties of each sample were evaluated by Ny phys-
isorption (196 °C) in a Quantachrome Autosorb-1 Instruments device.
The surface area (Sggr) was obtained from the Brunauer-Emmett-Teller
(BET) equation for a nitrogen partial pressure range of (p/po) from 0 to
1. The samples (ca. 120 mg) were outgassed in a vacuum at 200 °C for 4
h.

2.2. Fabrication of the membrane electrode assembly (MEA)

The present work employed a commercial anode-supported half-
MEA (Elcogen), with 35 mm diameter, consisting of a Ni/YSZ anode and
a Gadolinia-doped Ceria buffer layer (CepgGdg202.5 — CGO20). The
anode comprised the three functional layers with a total thickness of
approximately 300 um: the active fuel electrode layer of Ni/8YSZ
(Zr0O2)0.92(Y203)0.08, the support layer of Ni/3YSZ (Zr02)0.97(Y203)0.03
and the contact layer of NiO. Each cathode was deposited by screen-
printing an ink containing the synthesized perovskite powders: SFMO
and SFCMO on top of the CGO20 buffer layer. Each ink was prepared by
mixing the perovskite powder with a solution of 95 wt% of terpineol
with 5 wt% of ethyl cellulose in a 20:80 vol% (powder: solution) ratio.
Stearic acid (3 wt%) was added as a dispersant to the mixture. All the
compounds were ground in an agate mortar for 15 min to obtain a ho-
mogeneous slurry. The cathode was applied in two screen-printed
layers, followed by thermal treatment at 350 °C for 1 h to remove the
organic binders, and sintering at 1000 °C for 4 h in air using a heating
and cooling rate of 1.5 °C min ™. The resulting working electrode areas
were 1.51 cm? for SFMO and 1.08 cm? for SFCMO. Fig. 1 shows a
schematic representation of the 2-probe cell used for the present study.

Afterwards, the cell was assembled into an in-house-made electro-
chemical reactor; the sample was sealed with glass (Glass Powder G018-
354 from SCHOTT) in a Crofer 22 APU support and thermally sintered
using the following sealing procedure: 350 °C for 30 min, followed by
850 °C for 1 h, with a heating/cooling ramp of 2 °C min™. A gold grid
(from Fiaxell) was used as a current collector on both the cathodic and
anodic sides of the single cell.
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2.3. Catalytic experiments

The chemical reaction catalytic experiments were carried out in a
fixed-bed reactor. Catalyst samples were placed in an AISI 316 stainless
steel reactor (50 mm length and 7.8 mm inner diameter), filled with
silica beads (212-300 pm), with a middle layer of 0.5 g of catalyst for the
catalytic run. The reactor temperature was maintained using a PID-
controlled vertical furnace. NyO was fed to the top of the reactor at
different feed flow rates (15, 40, 80, and 130 mL min'l), corresponding
to Gas Hourly Space Velocity (GHSV) of 4500, 12 000, 24 000, and 39
000 h'l, respectively, within a temperature range of 540-750 °C; GHSV
was calculated as the ration between volumetric flow rate of NoO and
volume of the catalyst bed.

Product gas samples were acquired after 50 min, to ensure a steady
state operation, and the gas samples were analysed using a gas chro-
matograph (Agilent 7890B) equipped with a PoraPlot Q column to
analyze N,O, and a 5A Molsieve column to analyze Ny and O,. The N,O
used in this work has a purity of > 99.5 %, Oy > 99.9995 %.

2.4. Electrocatalytic experiments

Electrochemical Impedance Spectroscopy (EIS) and current-poten-
tial difference (I-V) characteristics of every single cell were carried out
using an Autolab PGSTAT302 N potentiostat. The reactor was fed with
NH;s (fuel, 50 mL min~1) at the anode and with N3O (oxidant, 50 mL
min™) at the cathode. Measurements were conducted over a tempera-
ture range of 600-750 °C, starting with the highest temperatures. The
EIS spectra were recorded over the frequency range of 0.01 Hz to 1 MHz
using an amplitude of 50 mV, at different polarization potentials (—0.2,
—0.4, —0.6, —0.8, —1.0 V). To ensure equilibrium conditions, each
temperature point was stabilized for 1h prior to recording the EIS
spectrum, followed by a repeat scan after an additional hour under
identical conditions, to assess reproducibility.

The impedance data were analysed using non-linear least-squares
fitting in ZView© software (Scribner Associates), employing appropriate
equivalent circuit models to identify the resistive and capacitive con-
tributions of the individual electrochemical processes. The NH3 and N2O
gases (Air Liquide) supplied to the cell had a purity of > 99.996 % and of
> 99.5 %, respectively.

After the electrochemical experiments, the microstructure of a frac-
tured cross-section of a membrane electrode assembly (MEA) was ana-
lysed by Scanning Electron Microscopy (SEM), Hitachi TM4000 plus. The
microscope was operated using an applied voltage of 15 kV, using a
Backscattered Electron (BSE) detector. Energy dispersive X-ray analysis

Cathode
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Fig. 1. Schematic representation of the membrane electrode assembly: SFMO/SFCMO||CGO||YSZ||Ni-YSZ.
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(EDS) was performed to provide the elemental mapping of the samples.
X-ray diffraction (XRD) was performed to structurally characterize the
materials of this work, using a Rigaku SmartLab diffractometer (Cu Ka
radiation — 1.5406 f\, 40 kV, 30 mA). The patterns were obtained in the

range of 10° < 26< 90°, scan speed of 3 °C min .

3. Results and discussion
3.1. Structural characterization

Fig. 2 presents the SEM images of the synthesized catalysts. The
SFMO catalyst (Fig. 2 a)) exhibits faceted morphology with an average
particle size of ca. 0.68 + 0.11 pm. In contrast, Co-doped SFMO sample
(Fig. 2 b)) displays a more irregular, flake-like morphology and small
average particle size of ca. 0.21 + 0.03 um. However, a higher degree of
agglomeration is observed in the doped catalyst compared to the
undoped SFMO catalyst.

Fig. 3 portraits the XRD pattern of the SroFe; sMog 506.5 (SFMO) and
SroFel 45C00.05sM0g 506.5 (SFCMO) obtained after calcination of the
prepared powders at 1200 °C. Results indicated a pure phase for both
catalysts. The XRD data were analyzed by Rietveld refinement, indi-
cating that the two prepared catalysts exhibit cubic symmetry (Fm3m
space group).

Table 1 depicts the lattice parameters obtained by Rietveld refine-
ment for each catalyst—a=b = c=7.8395(1) and 7.8368(8) A for SFMO
and SFCMO, respectively. The slight reduction in the lattice parameter
observed in the perovskite doped with Co is consistent with substitu-
tional incorporation of Co at the Fe site and a change in the average B-
site ionic radius (Fe3" for VI coordination has 0.785 A while Co® has
0.75 A) [25], leading to a small shift of the peaks to higher 26. The low >
value ~ 1 (Table 1) of the Rietveld refinement analysis indicates a good
quality of the fitting (3% = Ruwp/Rexp, Where Ry, (profile R-factor) and
Rexp (expected R-factor based on statistical noise) are statistical factors)
for both perovskites display a good fit.

A thermogravimetric analysis (TGA) was performed to quantify the
lattice oxygen loss resulting from the reduction of metal ions during
heating in dry air. Fig. 4 shows the overall mass loss during the heating
of the two prepared samples. SFMO had a mass loss of about 2.0 %, while
SFMO cobalt-doped showed a slightly higher value of 2.2 %. In both
cases, the observed mass loss was attributed to oxygen release and the
consequent formation of oxygen vacancies, which has been suggested in
the literature to arise from the reduction of cationic species and the
possible formation of Fe**/Fe®*, Mo®*/Mo°", and - in the case of the
doped cathode — Co?*/Co>* redox couples for charge compensation [9].
The slight initial mass above 100 % in case of SFMO is attributed to
typical TGA artifacts, such as buoyancy effects and minor baseline drift
at low temperatures.

a) SFMO

50 000x SE 10.3mm
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The accelerated mass loss observed in SFCMO in the 600-800 °C
temperature range, compared with the more linear mass loss of SFMO,
can be attributed to Co substitution at the B-site of the double-perovskite
structure. This substitution has been reported to modify the redox ac-
tivity of this perovskite, thereby promoting enhanced oxygen release
from the lattice at elevated temperatures when cobalt is present [15,26].

The corresponding oxygen stoichiometry changes were calculated
for both tested materials, using the following Eq. (1) [27]:

_ Mspmosremo

AS =
MO ~Wsample

Aw (@)

where A¢ is the oxygen stoichiometry change, Mgpmo/sremo is the mo-
lecular mass of SFCMO/SFCMO, My is the atomic mass of oxygen,
Wsample is the mass of the sample, and Aw is the mass change recorded by
the TGA. The calculations indicate that substituting Fe with a small
amount of Co in the SFMO (x = 0.05) results in a slight increase in ox-
ygen stoichiometry, with A§ increasing from 0.50 for SFMO to 0.55 for
SFCMO on heating to 1000 °C. This indicates that even minor Co sub-
stitution promotes the formation of oxygen vacancies at high tempera-
tures, likely as a charge-compensating mechanism associated with local
changes in Fe/Mo valence states. Although the magnitude of this in-
crease is relatively small, it may be sufficient to influence the catalytic
and electrocatalytic properties of the material in the working tempera-
ture range [11,13], without compromising structural stability.

Dilatometry was employed to assess the sinterability of the prepared
perovskites. The resulting shrinkage curves and their derivatives — Fig. 5
a) and Fig. 5 b), respectively — provide insight into the densification
behavior of the catalysts.

As observed, the Co-doped SFMO starts to contract and densify at
lower temperatures than the undoped material. Specifically, SFCMO
begins to shrink at ca. 969 °C, while SFMO starts contracting about 70 °C
later, at around 1031 °C, Fig. 5 b). These results indicate that Co sub-
stitution on B-site in SFMO promotes its sintering, enabling densification
to occur at lower temperatures without the need to increase the sintering
temperature above 1200 °C.

3.2. Catalytic experiments

Fig. 6 presents the results of the catalytic experiments performed
over particulated SFMO and SFCMO samples. Fig. 6 a) and Fig. 6 b)
show the catalytic conversion of N2O for the studied temperatures in the
range of 600 to 750 °C, respectively, after correcting for the homoge-
neous thermal decomposition of N2O measured in a blank experiment
(without catalyst), presented in Fig. 6 c).

The conversion of N2O (Xn,0) to N2 and O,, according to:

b) SFCMO

50 000x SE 10.3 mm

Fig. 2. Scanning electron microscopy (SEM) of the synthesised catalysts (a) SFMO and (b) SFCMO.
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Fig. 3. XRD pattern with Rietveld refinement analysis of SFMO and SFCMO cathodes obtained under air atmosphere after calcination at 1200 °C.

Table 1
Rietveld refinement extracted parameters of SFMO and SFCMO. Ry, Rexp ;(2
and S are statistical factors of Rietveld refinement quality.

Material SFMO SFCMO
Space Group Fm3m(Cubic Fm3m(Cubic
symmetry) symmetry)
Lattice parameter (a=b=c)/  7.8395(1) 7.8368(8)
A
Phase angle (a =B =) /° 90.0 90.0
Ryp /% 3.86 3.76
Rexp / % 3.04 2.85
1.2759 1.3905
S 1.5659 1.1792
100
* SFMO
e SFCMO
° 99
2
~
98+
97 T T T T

1
200 400 600 800 1000 1200
T/°C

Fig. 4. Thermogravimetry results of the (a) SFMO and (b) SFCMO in air.

N0 (8)—N; (g) + Oz (g)AH® = — 82.05kJmol ™’ )

was computed as:

XNZO _ QNZOin - QN20 out (3)

Qn,0in

where Qy,o0in is the inlet molar flow, and Qu,0 out is the outlet molar flow
from the reactor.

Overall, SFMO exhibits superior performance, achieving conversion
values of 42 % and 48 %, at a feed flowrate of 130 mL min-", for 750 °C
and 650 °C, respectively. Under the same conditions, the cobalt-doped
catalyst (SFCMO) displayed a lower N,O conversion of 31 % and 27
%, respectively.

The temperature required for 50 % N3O conversion (Tsg) is 650 °C
for both perovskites, which is consistent with literature reports for Fe-
containing perovskite-types oxides under comparable conditions
[28,29]. Notably, the undoped perovskite can achieve Tso at a higher

flow rate (80 mL min ' for SFMO vs 15 mL min ! for SFCMO), indi-
cating greater tolerance to increased gas space velocity. However, while
the maximum conversion of 68 % for SFMO was reached for 700 °C, if
the reactor is heated to 750 °C, the N2O conversion 63 %. Concerning the
SFCMO catalyst slab, the maximum conversion is 60 % at 700 °C and
roughly the same at 750 °C.

Overall, the observed conversion values (e.g. 42-48 % at Tso ~
650 °C and GHSV ~ 24 000 h™') indicate moderate catalytic activity
compared with literature reports for perovskite-type oxides [28,30,31].
Such behaviour is often correlated with the presence of redox-active
surface metal species that facilitate electron transfer to the adsorbed
N,0 molecule and promote N-O bond cleavage [15]. The influence of
the feed gas flow rate is particularly evident: lower flow rates (e.g., lower
gas hourly space velocity, GHSV) allow for higher conversion. In gen-
eral, higher temperatures also promote catalyst activity, namely, the
cleavage of the N-O bond.

Subsequently, these results were normalized by the BET surface area
of the catalyst powders, according to Eq. (4):

_ Xn,0 X Qn,0in
Wxample X SBET

C)

where Xy,o is N2O conversion, Qn,oin is the inlet molar flow in the
reactor, w is the used mass of catalyst (g) and Sggr is the BET surface area
— 7.086 and 12.943 m? g"!for SFMO and SFCMO, respectively; the SEMO
pore volume was determined to be 0.015 cm® g™, while SFCMO showed
a pore volume of 0.018 cm® g!. The results for both catalysts are dis-
played in Fig. 7. It should be noted that BET surface area employed for
normalization of catalytic activity is determined ex-situ and may not
fully reflect the active surface under high-temperature reaction
conditions.

The results reinforce the superior catalytic properties of SFMO, due
to the higher Specific Surface Activity (r), especially for temperatures in
the range of 600-700 °C. The difference in the Specific Surface Activity
between the two catalysts is likely related to their composition, partic-
ularly the concentration and oxidation state of each cation, as N2O
catalytic decomposition is reported to follow a redox mechanism
involving coordinatively unsaturated surface cations [32]. In this
context, modifying B-site composition of the perovskite may signifi-
cantly alter the availability and reactivity of redox-active surface cat-
ions. As previously mentioned, Co substitution may influence the redox
equilibrium of the transition metal cations in SFMO (e.g., Fe3+/Fe2+)
and promote the formation of oxygen vacancies as a charge-
compensation mechanism, particularly at elevated temperatures.
These defects can modify the redox behaviour and oxygen mobility,
thereby affecting its catalytic performance [16,31]. Nonetheless, in the
current work, the Co-containing perovskite is shown to exhibit a
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Fig. 5. (a) shrinkage curves obtained in the range of temperatures between 21 °C and 1200 °C for SFMO and SCMO and (b) their derivatives.
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Fig. 7. Specific surface activity for (a) SFMO and (b) SFMO for the temperature
range of 600 — 750 °C.

catalytic activity valley at 700 °C, with activity increasing slightly at
lower and higher temperatures within the 650 °C to 750 °C range.

To shed light on this observation, XPS analyses were performed.
Interestingly, the XPS results show no detectable Co?*/ Co®" species at
the SFCMO surface - Fig. 8 (b), possibly due to the low level of Co-
substitution in the SFCMO sample.

The examination of the Mo3d region of the XPS spectra — Fig. 8 (a)
and (c)- revealed quite different surface characteristics between the two
samples. In SFMO the presence of Mo was observed at the surface with
different oxidation states, specifically Mo®", Mo®* and Mo**, whereas
only Mo®*t was found in the SFCMO (Fig. 8(a)).

The availability of multiple oxidation states of Mo observed in the
SFMO sample may provide a basis for its higher catalytic activity by
enhancing the surface electron-donating capability through access to Mo
redox couples, thereby facilitating N»O activation and N-O bond cleav-
age [33]. This behaviour may help explain the decrease in performance
observed in the SFMO catalyst at 750 °C. At elevated temperatures,
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molybdenum may progressively reduce to lower oxidation states,
altering the redox balance of the catalyst and impairing its ability to
sustain the efficient electron donation required for N-O bond cleavage.
In contrast, XPS analysis of the Co-doped sample reveals that Mo re-
mains predominantly in the Mo%" state. This suggests that Co incorpo-
ration modifies the redox equilibrium within the lattice and may help
stabilize Mo in its high oxidation state. Such stabilization could limit the
availability of Mo redox couples participating in surface electron-
transfer processes, which may be necessary for efficient NoO activa-
tion and high catalytic activity [34]. However, the exact mechanism
underlying this stabilization cannot be fully resolved based on the pre-
sent ex-situ data and would require further investigation, namely based
on operando techniques.

Consistent with this interpretation, minor non-monotonic variations
in the N,O conversion are observed for SFCMO at higher flow rates, with
a slight dip around 700 °C followed by a recovery at 750 °C. The small
magnitude of this variation likely reflects temperature-dependent sur-
face redox adjustments — a transient reorganization of surface species
within this temperature window — rather than a significant change in
intrinsic catalytic properties. Thermogravimetric analysis (Fig. 4) in-
dicates increased oxygen loss in the 600-800 °C range, suggesting pro-
gressive reduction of the oxide lattice. Such temperature-induced
oxygen release may influence the redox state of transition-metal cations
and modify surface reactivity. This effect could change oxygen removal
during catalysis and may partially account for the improved catalytic
response at 750 °C. Similar temperature-dependent oxygen mobility and
surface redox processes have been reported to influence NoO decom-
position over perovskite catalysts [35]. Note that the examination of the
O1s region from the XPS spectra for SFCMO shows a relatively higher
Oa,ds/Olat contribution in SFCMO compared to SFMO (Fig. 8 (c) and (e)),
suggesting an increased presence of oxygen vacancy-related environ-
ments. It should be noted, however, that this comparison is based on
relative peak contributions and remains qualitative, although, it is
supported by TGA discussion.

Additionally, XPS analysis showed that Co is not significant at the
surface of SFCMO catalyst, suggesting that mixed Co oxidation states do
not directly contribute to surface redox activity. Instead, Co appears to
primarily stabilise Mo in a higher oxidation state. The weak Co signal
observed by XPS is consistent with the low doping level. Complementary
post-mortem SEM-EDS analysis (in Section 3. 4) confirms the presence of
Co within the electrode, suggesting that Co is homogeneously distrib-
uted across the electrode thickness. This observation supports the
interpretation that Co primarily modifies the material's overall surface
redox chemistry, while its limited presence reduces its direct involve-
ment in catalytic processes. Consequently, Co is expected to play a sig-
nificant role in the electrochemical behavior of the electrode,
particularly through its expected influence on microstructure, as dis-
cussed in the following section.

3.3. Electrochemical characterization

3.3.1. Analysis under open circuit potential (OCP) conditions

Fig. 9 portrays the Nyquist plots obtained in the experiments per-
formed using the MEAs comprising the SFMO (green spectra) and
SFCMO (red spectra) perovskites (SFMO/SFCMO||CGO||YSZ||Ni-YSZ).
These results were collected at 750 °C, under open-circuit potential
(OCP) conditions, with N5O fed to the cathode and NHj3 as the anode
fuel. As the cells operate under the same conditions and differ only in the
cathode, differences in performance should be primarily attributed to
the cathode. Nevertheless, a minor contribution from the anode cannot
be entirely excluded. Therefore, the present analysis focuses on the
cathodic reaction.

The Nyquist plots for the cells SFMO and SFCMO demonstrate the
existence of at least two limiting processes: one at high frequencies and
another at intermediate frequencies. The SFCMO electrode shows an
additional limiting process at low frequencies that is not observed in the
SFMO one. Thus, two different equivalent circuit models (ECMs) were
used to fit the experimental data: the equivalent circuit models
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Fig. 9. Nyquist plots of the SFCMO/SFMO — CGO20/YSZ/NiO MEA measured
at 750 °C under open circuit potential, fed with pure N,O to the cathode and
pure NHj to the anode. (a) and (b) show the equivalent electric circuits used to
fit Nyquist plots of SFMO and SFCMO cells, respectively.

comprises an inductor (L), that results from the wiring and electrical
connectors in the setup, a series resistance (Ry) (the ohmic contribution),
followed by two and three R||CPE in series, arranged in parallel, for
SFMO and SFCMO electrodes, respectively; the R||CPE elements repre-
sent a resistance in parallel to a constant phase element (CPE), which
describes a semi-circle in the frequency domain [36]. The fitting curves
are shown in Fig. 9 as continuous lines and provide a good fit to the
experimental data. For each experiment, the total polarization resistance
(Rp) was calculated by adding all the contributions (R, = R; + Rz + R3),
specifically the resistances at high (R;), middle (R»), and low (Rj3) fre-
quencies. The resultant information extracted from the fitting of the
Nyquist plots to the models is presented in Table 2.

The ohmic resistance (R) differs between the two electrodes, where
the SFMO cell presents a significantly higher ohmic resistance (Table 2),

Table 2

Fitting results for the Nyquist plots obtained at 750 °C and the calculated po-
larization resistances from the selected equivalent circuit models (ECMs); C, R,
and W are the capacitance, resistance, and the relaxation frequency of each
process, respectively. @ denotes the exponent of the Zcpg, which is associated
with the relaxation behaviour of the corresponding semi-circle and reflects the
deviation from ideal capacitive behaviour.

Gas composition NH; (anode side)

N0 (cathode side)

Catalyst SFMO SFCMO

Ro / Q cm? 7.02 4.92

Ry / Q cm? 14.40 7.35
C;/Fem™2 3.97 x 107 2.12 x 10°®
W, / Hz 2.81 x 10* 1.02 x 10*
1 0.39 0.53

Ry / Q cm? 18.51 1.50
Co/Fem™2 8.09 x 107 5.10 x 103
W, / Hz 1.06 x 10! 2.08 x 10!
@ 0.65 0.84

R3 / Q cm? 2.08
C3/Fem™2 1.33 x 10
Ws / Hz 0.575

@3 0.68

R,/ Q cm? 32.91 10.93
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which was attributed to the interface resistance between the SFMO
cathode layer and the CGO20 buffer layer. As can be seen in Fig. 10, the
interface cathode-buffer layer — highlighted in red in Fig. 10 (a) and (b)
— shows gaps in the case of SFMO electrode. The improved contact be-
tween layers, observed in the SFMO electrode, is expected to enhance
ionic current collection at the electrode-electrolyte interface, given the
larger effective contact area, reflected by a decrease in the ohmic losses
(Rg) [37]. Furthermore, the enhanced microstructural connectivity and
the consequent increase in the electroactive area contribute to lowering
polarization resistance (R;,), consistent with the approximately threefold
higher R, of SFMO cell relative to SFCMO [38,39].

The R;||CPE; equivalent circuit element observed in the high-
frequency region of the Nyquist plot (W; = 10* Hz, Table 2), yields an
effective capacitance of ~ 107 -10° F cm™ (Table 2), and is related to
an interfacial polarization phenomenon [37,40]. In this work, it could be
related to the typical oxygen-ion transfer across the cathode (SFMO or
SFCMO)-electrolyte (YSZ) interface, namely within CGO20 buffer layer
[37,40] In this respect, this oxygen transfer is corroborated by the @
term, which describes the deviation from ideal capacitive behavior and
is associated with the depression of the corresponding semicircle in
Nyquist plot. For both samples, @, is close to 0.5 (Table 2), corrobo-
rating the diffusional nature of the R ||CPE; contribution [41].

The lower R; value observed in the SFCMO sample compared to the
SFMO, which is approximately half of that undoped electrode (Table 2),
can be associated with the improved microstructural densification near
the cathode-buffer layer interface, as evidenced by the more compact
structure observed in Fig. 10 (b). This increased densification enhances
grain connectivity and increases the local solid volume fraction at the
electrode—electrolyte interface relative to the more porous SFMO elec-
trode structure (Fig. 10 (a)) [18]. A higher solid volume fraction in this
interfacial region is known to enhance ambipolar conductivity by
facilitating both ionic and electronic transport, particularly within the
electrochemically active zone adjacent to the electrolyte [18]. This
enhanced transport balance promotes more efficient oxygen reduction
reaction, thereby contributing to the reduced polarization resistance
observed for SFCMO cell [42-44].

In addition to microstructural effects, the partial substitution of Fe by
Co may further enhance oxygen-ion transport properties. Co incorpo-
ration has been reported to increase oxygen vacancy concentration
(corroborating the previous TGA discussion) and/or enhance oxygen ion
conductivity due to modified metal-oxygen bonding characteristics (Co-
0-Co bounds are weaker than Fe-O-Fe [15]), which could further
accelerate oxygen ion transport kinetics [45]. However, although this
contribution cannot be excluded, the microstructural improvement

cle k. - 2

x1.80 kBSEM

15kV  11.0mm

Fig. 10. SEM images of the membrane electrode assemblies containing (a)
SFMO||CGO||YSZ||NiO and (b) SFCMO||CGO||YSZ||NiO.
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appears to play a dominant role in the observed reduction in R;.

The Ry and Ccpgy characterise the RC equivalent circuit, corre-
sponding to the intermediate-frequency region of the Nyquist plot (W5
=10 Hz, Table 2), displaying effective capacitances of ~ 10* and 10° F
cm? (Table 2). Such values are typically associated with charge-transfer
related to the ORR at the electrocatalyst surface and/or with solid-state
oxygen diffusion, including both bulk and surface contributions [37].

A significant decrease in the polarization resistance in Rp||CPE;
equivalent circuit element is noticed upon Co incorporation, with Ry
decreasing about 12 times (18.51 Q cm? for SFMO vs. 1.50 Q cm? for
SFCMO, Table 2). This substantial reduction indicates that this process
becomes significantly less limiting in the Co-doped electrode. Given that
R;||CPE; element has been associated with surface charge-transfer and/
or with solid-state oxygen diffusion, this decrease was assigned to the
enhanced grain-to-grain connectivity observed in SFCMO electrode
microstructure. Improved solid-state connectivity can reduce tortuosity
and enhance both ionic and electronic percolation pathways, particu-
larly near the electrolyte interface, where oxygen ions are incorporated
into the electrolyte. Such microstructural improvements have been re-
ported to enhance ambipolar conductivity in MIEC cathodes [18],
thereby facilitating oxygen-ion migration through continuous solid
pathways. This effect can extend the electrochemically active region for
ORR and contribute to the observed reduced polarization resistance
[18,37].

Meanwhile, the low-frequency process (R3||CPE3 element) — 10 Hz)
was only observed in the SFCMO cell with effective capacitance values
in the range of 10"'F cm2. In addition, the non-ideal behaviour reflected
by @3 value of 0.68 suggests a diffusional process occurring within a
heterogeneous porous structure. The absence of this arc in the Nyquist
plot of a cell containing the more porous SFMO electrode, together with
the increase in the densification of the SFCMO cathode, supports the
interpretation that this process may be associated with gas diffusion
limitations.

Fig. 11 illustrates the temperature dependence of the total (R},) and
elementary polarization (R, Ry, and Rg3) resistances obtained for both
fuel cells, measured in the temperature interval of 600 — 750 °C, under
OCP conditions; the E, depicts the activation energy of each polarization
resistance. It is observed that the E, values obtained for Rp, R, and Ry
are essentially similar between samples for each process. The similarity
suggests that the dominant kinetic process governing each polarization
contribution remains unchanged upon Co doping, thus corroborating a
similar electrode mechanism for both SFMO and SFCMO samples.
Moreover, the low-temperature dependence of R3 (E; = 0.16 eV, Fig. 11)
indicates a weak temperature dependence, which is consistent with gas
diffusion as the rate-limiting step; this contribution is typically only
distinguishable in the Nyquist plot at high temperatures when kinetic
resistances decrease, and mass transport become comparatively more
evident [46-48].

Across the investigated temperature range, all polarization resistance

Log(R) / © cm?

AT T T 71

095 1.00 1.05 1.10
1000*7"' /K

I
1.15 1.20
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contributions are lower for the SFCMO, confirming the overall beneficial
effect of cobalt incorporation. Interestingly, the dominant rate-limiting
contribution differs between the two electrodes: Ry governs the polari-
zation behaviour in the SFCMO cell, whereas R represents the primary
limitation in the SFMO cell. In the SFCMO cell, R; is nearly one order of
magnitude higher than Ry (Fig. 11). In contrast, the SFMO cell exhibits
the opposite trend, indicating a redistribution of the dominant polari-
zation processes upon cobalt substitution.

The R, and Ccpgao values, which characterize the second semicircle of
the Nyquist plot, have previously been attributed to either charge-
transfer reactions occurring at the electrocatalyst surface and/or to
the solid-state diffusion of oxygen species within the cathode [37]. The
different behaviour observed between the samples suggests that the
nature of this process depends on the cathode electrode's microstructure.
In the SFMO-based cell, the lower packing density and reduced grain
connectivity may hinder oxygen-ion transport through the solid
network. In this case, the Ry||CPE, element contribution is likely
partially governed by solid-state oxygen diffusion. This interpretation is
supported by the @, value of 0.65 (Table 2), which indicates a signifi-
cant diffusional character [41]. Conversely, the increased densification
and improved grain-to-grain contact in the SFCMO electrode likely
promote more efficient solid-state oxygen transport [38]. As diffusion
becomes a less limiting process, the Ry||CPE; element contribution may
shift to the control of charge-transfer reactions at the electrocatalyst
surface. The higher @, value (0.84, Table 2) further supports a more
capacitive behavior, typically associated with surface-controlled
processes.

3.3.2. Analysis under applied polarization conditions

Fig. 12 shows the electrode polarization resistance as a function of
the applied potential difference (AV) at 750 °C under N,O atmosphere at
the cathode and NHj3 at the anode for both cells. In the case of the SFMO
cell (Fig. 12 a), the total polarization resistance (Rp,) and the elementary
polarization resistances (R;, Ry, and R3) consistently decrease with
increasing potential difference (AV). This is due to an increase in the
driving force for the electrochemical reactions [49]. However, a
different trend is observed in the SFCMO electrode, where an initial
increase in resistance is observed in almost all resistive components,
reaching a peak at @ —0.2 V, after which it begins to decrease until —1 V
— Fig. 12 (b).

This behaviour was assigned to a transient mismatch between elec-
trode bulk oxygen-ion transport and surface exchange process kinetics
under mild polarization [50]. Under these conditions, the rate of va-
cancy transport through the electrode and electrolyte may exceed the
rate of oxygen incorporation at the surface, leading to a temporary
limitation in the surface exchange process [50]. The denser micro-
structure of SFCMO could further reduce the effective available surface
area for oxygen exchange, thereby amplifying this effect. Similar trends
have been reported by different studies [13,51]. On the other hand, as

NH; - N,O
SFCMO
—~~ Ry~ Eg=1.10
~ Ry-E,=1.18
+ Ry-E,=1.29
~«~ R3-E,=0.16

SFMO

= Ry-E,=1.22
= Ry-E,=1.14
= Ry-E,=1.27

Fig. 11. The temperature dependence of total (Rp), high-frequency (R;) and, intermediate-frequency (R2), and low-frequency (R3) polarisation resistances at open
circuit potential for SFMO (triangle symbol) and SFCMO cells (square symbol), operating under N,O as oxidant and a) NHj as fuel, for operation temperature

between 600 °C and 750 °C.
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Fig. 12. Dependence of the applied difference of potential on (a) SFMO (square
symbol) and (b) SFCMO cell (triangle symbol), at 750 °C, in the total (R), high-
frequency (R;), and middle-frequency (R2) polarisation resistances under N,O
at the cathode and fueling anode with NHj,

AV increases, both surface exchange and solid-state oxygen diffusion
rates are significantly enhanced, ultimately reducing the polarization
resistance.

Overall, the SFCMO cell performs better under polarization than
SFMO. This improvement is likely related to its denser microstructure,
which reduces transport-related limitations within the cathode and
lowers polarization resistance, thereby improving oxygen reduction
reaction kinetics under polarization, despite the slightly lower intrinsic
catalytic activity of this material.

3.3.3. I-V characteristic curves

This section evaluates the performance of each cell (SFMO/SFCMO||
CGO-20||YSZ||NiO MEA) for the simultaneous electrochemical reduc-
tion of NoO and electrochemical oxidation of NHs. Each cell was tested
over the temperature range of 600-750 °C, with 50 mL min! of N5O fed
to the cathode and 50 mL min” of NHj fed to the anode. The cur-
rent-voltage difference (I-V) characteristics and the corresponding
power density curves for each cell are presented in Fig. 13.

The effect of temperature is evident in both cells: higher operating
temperatures favor higher power output, consistent with the thermally
activated nature of the membrane electrode assembly composing ma-
terials. The highest peak power density was obtained for the cell
incorporating the Co-doped perovskite, reaching nearly 30 mW cm™2,
This value decreases by approximately 33 %, 35 %, and 50 % as the
operating temperature is reduced from 700 °C to 650 °C and to 600 °C.

The SFMO cell exhibits a similar trend, but with notably lower per-
formance. Its maximum power density is approximately half that of the
SFCMO cell (~16 mW cm™), and the power density decreases by about
43 %, 44 %, and 54 % as the operating temperature is reduced from
700 °C to 650 °C and to 600 °C, respectively.

Moreover, the OCP values recorded for the SFCMO cell are consis-
tently higher across the investigated temperature range (Table 3),
further indicating the superior electrocatalytic behavior of the SFCMO
electrode toward N2O decomposition.

The OCP values for both SFMO and SFCMO decrease with decreasing
temperature, in agreement with the expected Nernstian behaviour. A
slightly more pronounced drop is observed at 600 °C, particularly for
SFMO. This deviation is likely an artifact related to minor experimental
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Fig. 13. Current-potential difference (I-V) characteristics of each cell — a)
SFMO and b) SFCMO — performed in the temperature range of 750—600 °C,
under N0 at the cathode and fueling anode with NHs.

Table 3
Open circuit potential (OCP) values obtained for the SFMO and SFCMO MEA
for the operating temperatures in the range of 750-600 °C.

T/°C ocp

SFMO SFCMO
750 1.18 1.18
700 1.18 1.19
650 1.14 1.19
600 1.11 1.17

factors, such as small variations in sealing tightness, which can become
more pronounced at lower temperatures and after multiple experi-
mental trials. Importantly, the overall trend and comparison between
materials remain consistent.

It should be noted that state-of-the-art SOFCs operating with
hydrogen can achieve peak power densities of ca. 1 W em™ [52].
However, these systems are highly optimized and operate under con-
ventional conditions. For DA-SOFC, peak power densities of approxi-
mately 60-100 mW cm™2 at 750-800 °C have been reported using Ni-YSZ
as anode material [53,54], which are of same order of magnitude as the
results obtained in the present work. Higher performances (~700 mW
cm 2 at 850 °C) have also been reported for better-optimized systems
[55], although these systems typically operate under standard oxidizing
atmospheres (air or Oy). More relevant, a recent work reports a SOFC
operating on N2O at the cathode, achieving power densities of ca. 200 W
em? at 650 °C using a dual-phase LaggSrg4Cop2FepgO3s5 —
Gdp.1Ce.902.5 (LSCF-GDC) cathode [3]. However, this system used
hydrogen as the fuel, thereby avoiding the additional reaction step
associated with ammonia decomposition and therefore offering a
simpler fuel system.

In contrast, the present work investigates a more complex and less
studied configuration, combining N,O-containing atmospheres with
NH3 as the fuel. Under these conditions, the cathodic reaction involves
N0 reduction rather than the conventional oxygen reduction reaction,
introducing kinetic limitations and fundamentally different reaction
pathways. Consequently, direct comparison with conventional or pre-
viously reported DA-SOFCs systems is not straightforward. Within this
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context, the achieved performance (~30 mW cm? at 750 °C) is
considered very promising and, more importantly, demonstrates a clear
improvement compared to the undoped SFMO, highlighting the effec-
tiveness of the Co-doping strategy.

The distinctive electrochemical behaviour of SFCMO electrode
highlights its effectiveness as cathode material for operation under NyO
— containing atmospheres in DA-SOFC systems. In particular, the supe-
rior performance of SFCMO can be attributed to its enhanced micro-
structural features, including improved grain connectivity and more
favorable electrode architecture, which facilitate charge transport and
increase the effective electrochemical active area. These characteristics
contribute to reduced polarization resistance and, consequently, to
higher power density. In contrast, SFMO exhibits concentration of
reduced Mo** species, which promotes surface-driven catalytic activity
but results in more heterogeneous bulk transport properties. As a result,
SFCMO demonstrated more stable electrochemical behaviour, whereas
SFMO exhibits superior intrinsic catalytic activity, in good agreement
with the XPS analysis. Therefore, although SFMO provides higher
intrinsic catalytic activity for NoO reduction — likely due to the greater
availability of redox-active pairs — its comparatively less optimized
microstructure limits its overall electrochemical efficiency under oper-
ating conditions.

3.4. Post-mortem analysis

To assess possible morphological changing in the electrodes during
electrochemical tests, both cells were analyzed by scanning electron
microscopy (SEM). Fig. 14 (a) and (b) show cross-sectional views of the
SFMO and SFCMO MEAs, respectively, after operation. In both cases, the
different layers are clearly distinguished: (a) the cathode layer
composed of the synthesized electrode layer (SFMO or SFCMO), (b) the
CGO20 buffer layer, and (c) the YSZ electrolyte layer.

Both electrodes show no chemical reactivity between the cathode
and the electrolyte/buffer layer, specifically strontium diffusion to these
adjacent layers, as depicted in the post-mortem energy dispersive spec-
troscopy (EDS) images of the MEA cross-section for SFMO and SFCMO
cells, in Fig. 15. This avoids the formation of strontium zirconate, which
increases resistance and reduces the overall efficiency of the SOFC
[56,57]. This was only possible due to the stability of the CGO and YSZ
layers under the applied sintering temperature (1000 °C).

Fig. 16 depicts the Nyquist plots obtained under OCP conditions,
before each experiment and after polarization studies, for the temper-
atures between 600-750 °C, under N3O in the cathode and using NHs in
the anode. Fig. 16 (a) shows the results for the cell composed by SFMO

a) SFMO

—
30.0 um

15kV 9.7mmx1.80kBSEM

b) SFCMO
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and Fig. 16 (b) shows the results for the cell composed by SFCMO.

These Nyquist plots, for both cells, show similar behaviors before and
after polarization, at each studied temperature, indicative of almost no
degradation of the cells due to operating conditions.

4. Conclusions

This work aimed to enhance the performance of SFMO electrode by
incorporating Co into its structure and to elucidate the role of Co in the
direct-ammonia solid oxide fuel cell (DA-SOFC) for N,O abatement
operating at intermediate temperatures (600-750 °C).

Partial substitution at the B-site of SroFe; sMog 5065 with a small
amount of cobalt (x = 0.05) proved an effective strategy for micro-
structural optimization, eliminating the need for high sintering tem-
peratures and promoting improved grain connectivity. The denser
microstructure resulted in an approximately threefold reduction in po-
larization resistance, thereby enhancing electronic transport and overall
cathode performance. Moreover, Co incorporation had a positive impact
on intrinsic properties, as evidenced by a slight increase in oxygen non-
stoichiometry (AS from 0.50 to 0.55 @ 1000 °C for SFMO and SFCMO,
respectively), along with improved electrical properties reflected in
reduced polarization resistance. Conversely, Co addition did not in-
crease catalytic activity, most likely because it increased the Mo
oxidation state, thereby compensating for the charge.

Electrochemical impedance spectroscopy responses, particularly in
the intermediate-frequency region, related to the surface exchange
process kinetics and the solid-state diffusion of 0%, revealed similar
ORR mechanisms for both cells, also consistent with the comparable
activation energies determined. Some differences, however, were
assigned to differences in electrode microstructure. In this regard, the
SFCMO cell exhibited markedly superior electrochemical performance.
The maximum power density of the cell containing the Co-doped cath-
ode was nearly twice that of the undoped SFMO, reaching approxi-
mately 30 mW cm ™2, Overall, the improved SFMO performance through
Co doping can be attributed in part to a slightly higher concentration of
oxygen-ion vacancies, but predominantly to microstructural optimiza-
tion. These findings demonstrate that low-level Co doping is a simple yet
effective strategy to enhance electrical properties through microstruc-
ture control. This approach provides valuable insights for designing
higher-performance SFMO cathodes and significantly improving the
electrochemical activity for practical SOFC applications under low ox-
ygen partial pressure conditions, without increasing electrode sintering
temperatures, which are typically constrained by component
interactions.

15kV. 11.0mmx1.80 kBSEM

Fig. 14. Scanning electron microscopy images (SEM) of cross-section microstructure of the MEA: a: cathode — SFCMO, b: buffer layer — CGO, c: electrolyte — YSZ,

and d: anode — Ni-YSZ.
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