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Abstract
Ln0.5Sr0.5Fe0.8Cu0.2O3-δ (LnSFC, Ln = Pr, Nd, Sm, Gd) perovskite oxide as a cobalt-free cathode was systematically evaluated
for intermediate-temperature solid oxide fuel cell (IT-SOFC). XRD results show that PrSFC presents the cubic structure, while
NdSFC, SmSFC, and GdSFC present an orthorhombic structure. The conductivity of the four samples is in accordance with the
GdSFC < SmSFC < NdSFC < PrSFC relationship. AC impedance testing was performed using a symmetrical fuel cell of the
structure LnSFC/Ce0.9Sm0.1O1.95(SDC)/LnSFC. The polarization resistance values of PrSFC, NdSFC, SmSFC, and GdSFC are
0.036, 0.089, 0.097, and 0.160 Ω cm2 at 800 °C, respectively. Then, SDC electrolyte-support single cell was fabricated and the
power densities of PrSFC, NdSFC, SmSFC, and GdSFC cathodes were 364, 311, 254 and 104mW cm−2, respectively, at 800 °C.
Our preliminary experiment results show that LnSFC oxide meets the requirements of the electrode, and it can be a possible
cathode for IT-SOFC.
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Introduction

With the increase of global fossil energy consumption and
environmental pollution, exploring new green energy is cur-
rently the hottest and most relevant research topic [1–3]. Solid
oxide fuel cell (SOFC) is electrochemical device which con-
vert the chemical energy of fuels directly into electrical energy
in an efficient and clean way. It has the superiority of fuel
efficiency and low environmental pollution [4, 5]. However,
the conventional SOFC generally has a relatively high oper-
ating temperature (850~1000 °C), which cause various

problems such as interfacial reaction, seal hard, and the high
cost, resulting in a decrease in performance of SOFC.
Therefore, lowering the operating temperature is particularly
important. Unfortunately, the reduction in temperature will
cause a decrease in cathode catalytic performance.
Consequently, it is the primary research direction to find
new cathodes with high catalytic performance and low polar-
ization loss in intermediate temperatures (500~800 °C) [6, 7].

In the past, La1-xSrxMnO3-δ (LSM) [8, 9] cathode materials
have been extensively studied. However, the ion conductivity
of LSM cathode is lower at intermediate temperature. And
thus, the polarization resistance becomes large, resulting in a
decrease in the electrochemical performance of the cathode.
Recently, many cobalt-based perovskite cathodes such as
Ba0.5Sr0.5Co1-yFeyO3-δ and Ln1-xSrxCo1-yFeyO3-δ (Ln = La,
Sm) [10–12] have been well studied. The researchers demon-
strate that these cobalt-based cathodes exhibited high ionic
and electronic conductivity and excellent catalytic properties.
For example, Tu et al. [13] investigated the properties of
Ln0.4Sr0.6Co0.8Fe0.2O3-δ (LnSCF, Ln = La, Pr, Nd, Sm, Gd)
cathode materials. They demonstrated that the thermal expan-
sion coefficient (TEC) and electrical conductivity decrease
with the Ln3+ ion size decreasing from Ln = La to Gd. This
indicates that LnSCF oxide such as Gd3+ with the smallest ion
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size can effectively reduce TEC. Unfortunately, the TEC of
LnSCF for Ln = La to Gd is 21.1–17.6 × 10−6 K−1, which is
much higher than the commonly used intermediate tempera-
ture electrolytes (~ 12 × 10−6 K−1). High TEC values limit the
use of these Co-based oxides as SOFC cathodes. The instabil-
ity and high cost of cobalt is another issue. Therefore, devel-
oping cobalt-free cathodes with sufficient catalytic activity is
significant.

Recently, Fe-based perovskite oxides, Ln1-xSrxFeO3 (Ln =
La, Pr, Nd, Sm, Eu, and Gd) [14, 15] and Ba1-xSrxFeO3

[16–18], have shown good catalytic activity as cathode mate-
rial. For instance, the polarization resistance (Rp) of
Pr0.8Sr0.2FeO3-δ cathode achieves 0.886 Ω cm2 at 750 °C.
More recently, many researchers reported that partial substitu-
tion of Cu by Fe could further improve oxygen mobility for
the oxygen reduction reaction (ORR). The Rp of
Bi0.5Sr0.5Fe0.8Cu0.2O3-δ [19], Pr0.6Sr0.4Cu0.2Fe0.8O3-δ [20],
and BaFe0.85Cu0.15O3-δ [21] cathode materials were 0.13,
0.07, and 0.35 Ω cm2 at 700 °C, respectively. Moreover, the
average TEC of Pr0.6Sr0.4Cu0.2Fe0.8O3-δ at 50 to 800 °C is
16.4 × 10−6 K−1, which is smaller than the TEC of many
cobalt-based cathodes [22]. However, there is no report on
the systematic study for the Ln0.5Sr0.5Fe0.8Cu0.2O3-δ

(LnSFC, Ln = Pr, Nd, Sm, Gd) oxides until now. In this paper,
cobalt-free LnSFC was prepared and investigated as potential
applications for the cathode material of IT-SOFCs. The
Ln0.5Sr0.5Fe0.8Cu0.2O3-δ (Ln = Pr, Nd, Sm, and Gd) oxide
was synthesized by a sol-gel method, and the effect of lantha-
nide on electrochemical performance was systematically
investigated.

Experimental

Sample synthesis

The powder of Ln0.5Sr0.5Fe0.8Cu0.2O3-δ (LnSFC, Ln = Pr, Nd,
Sm, and Gd) was synthesized by sol-gel method. Pr2O3,
Nd2O3, Sm2O3, Gd2O3, Sr(NO3)2, Fe(NO3)3·9H2O, and
Cu(NO3)2·3H2O were weighed according to the stoichiomet-
ric ratio. Nitrate solutions were prepared by dissolving Pr2O3,
Nd2O3, Sm2O3, and Gd2O3 in nitric acid, respectively. Other
nitrates were dissolved in deionized water. And citric acid (a
complexing agent) was added in the mixed nitrate solutions.
The ratio of cation to citric acid is 1:1.2. After that, the mixture
was placed on a magnetic stirrer, heating and stirring contin-
uously until the solution was viscous, put it in a drying oven at
150 °C for 3 h, removed organics and then grinded it to obtain
the precursor powder, and then it was calcined at 950 °C for 10
h. The SDC electrolyte powder was prepared by a glycine
combustion method (GNP) [23]. According to the stoichio-
metric ratio, the corresponding masses of CeO2 and Sm2O3

were weighed and dissolved in concentrated nitric acid to

prepare a nitrate solution. The glycine as a complexant was
added into the mixed nitrate solution. The mole ratio of total
metal ions/glycine is 1:1.2. The above mixed glycine-nitrate
solution was heated on a hot plate until the final combustion to
obtain an ultrafine powder. The SDC powder was calcined at
600 °C for 6 h. The anode was NiO-SDC (65:35 by weight).

Cell fabrication

The impedance measurement is using a symmetrical cell of
the LnSFC|SDC| LnSFC structure. The LnSFC powder was
thoroughly mixed with an appropriate amount of organic mat-
ter to obtain cathode slurry. LnSFC slurry was screen-printed
onto both sides of the SDC electrolyte disk (0.4 mm), and then
sintered at 950 °C for 2 h. The power density of LnSFC cath-
ode material was carried out using an electrolyte-supported
single cell. First, the anode material was thoroughly mixed
with a binder, coated on one side of an SDC pellet with
0.3 mm thickness, and sintered at 1250 °C for 4 h. After that,
LnSFC slurry was applied to the other side of SDC pellet and
sintered at 950 °C for 2 h in the muffle furnace. Finally, the
single cell was sealed with silver paste at one end of the alu-
mina tube. The final valid surface area of the cell was about
0.1 cm2.

Measurements

An X-ray diffractometer (Rigaku-D-Max γA, Japan) was
used to measure the crystal structure of the LnSFC powder.
The microstructure of cell cross-section was investigated by a
scanning electron microscope (JEOL JSM-6480LV). The va-
lence of the LnSFC material was analyzed using ESCALAB
250XI (Thermo Fisher, USA). The temperature function of the
conductivity was measured using a standard dc four-terminal
method. The electrochemical impedance spectrum was mea-
sured by a CHI660C workstation with 0.01~100 kHz frequen-
cy range under open-circuit conditions. The single cells with
the NiO + SDC|SDC|LnSFC structure were tested at a tem-
perature of 600~800 °C. The cathode gas is air and the anode
gas is H2.

Results and discussion

Phase structures

The XRD patterns of LnSFC powders calcined at 950 °C for
10 h are displayed in Fig. 1a. These samples exhibited a
single-phase structure consistent with previously reported re-
sults [24–26]. The PrSFC material presents a cubic perovskite
structure and the space group is pm-3m. However, the NdSFC,
SmSFC, and GdSFC materials exhibit an orthogonal structure
with space group pnma. The average ion radius of A-site
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cation is reduced with the radius of the lanthanide cation de-
creasing from Pr to Gd. This presumably may be the reason
why the crystal structure changes from a cubic structure to an
orthorhombic structure [27, 28]. The structure parameter is
shown in Table 1. The orthorhombic lattice constant decreases
as the ionic radius decreases, and a similar phenomenon is
observed in other perovskite oxides [29]. Figure 1b shows
the XRD patterns of the mixtures of LnSFC cathode and
SDC electrolyte. The LnSFC powder was sintered with SDC
(50:50 wt.%) at 950 °C for 10 h. It can be seen that no

additional peaks appear, indicating that SDC can act as an
electrolyte material for the LnSFC cathode.

XPS analysis

The valence state of B-site metal cation for LnSFC sample
was analyzed using XPS. Figures 2 and 3 show the XPS
spectra of Fe 2p and Cu 2p. Table 2 lists the relative content
and average valence of different valence elements. As shown
in Fig. 2, the peaks of Fe 2p3/2 and 2p1/2 appeared at 709.7–
710.2 eV and 722.9–723.6 eV, pointing the existence of Fe3+

species. The remaining peaks were observed near 711.6–
713.0 eV and 725.3–725.8 eV, which were attributable to
Fe4+ species. This value matches well with the data in some
literature [30, 31]. This indicates that both Fe3+ and Fe4+ are
present in the LnSFC sample. The atomic ratio of Fe3+/Fe4+ is
listed in Table 2. The atomic ratio of Fe3+/Fe4+ in PrSFC,
NdSFC, SmSFC, and GdSFC was calculated to be 68:32,
72:28, 61:39, and 89:11, respectively.

Table 1 Lattice parameters of the Ln0.5Sr0.5Fe0.8Cu0.2O3-δ samples

Samples Space group a(Å) b(Å) c(Å) V(Å3)

PrSFC pm-3m 3.8563 57.3494

NdSFC pnma 5.4926 7.6989 5.5684 235.467

SmSFC pnma 5.4750 7.6893 5.5620 234.159

GdSFC pnma 5.4649 7.6951 5.5497 233.382

Fig. 1 a XRD patterns of the as-synthesized Ln0.5Sr0.5Fe0.8Cu0.2O3-δ

powders. b LnSFC-GDC mixture sintered at 950 °C for 2 h

Fig. 2 Fe 2p XPS spectra of LnSFC sample

Fig. 3 Cu 2p XPS spectra of LnSFC sample
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Figure 3 represents the Cu 2p XPS spectrum of the LnSFC
sample. The Cu 2p3/2 and 2p1/2 peaks appeared at 932.1–
933.7 eVand 952.5–952.9 eV, respectively, pointing the exis-
tence of Cu+ species. And the other two peaks were observed
near 933.7–934.8 eV and 954.2–954.4 eV, respectively,
pointing the existence of Cu2+ species. The peaks observed
at 941.4–942.7 eVare satellite peak. This is in good agreement
with some of the previous results [32, 33]. This indicates that
there are two valence states of Cu+ and Cu2+ in the LnSFC
sample. Table 2 shows the atomic ratio of Cu+/Cu2+. The
atomic ratio of PrSFC, NdSFC, SmSFC, and GdSFC were
calculated to be 42:58, 64:36, 46:54, and 38:62, respectively.

The average valence of the B-site metal ion is also shown in
Table 2. It can be seen that the average valence of Cu and Fe
cations in all samples are less than 3+. In order to maintain
electrical neutrality, the oxygen vacancies can be produced
with the reduction of positive charge [34]. Therefore, the
Fe3+/Fe4+ and Cu+/Cu2+ mixed valence states of B-site cations
has positive effect on the electrochemical performance of the
LnSFC.

Electrical conductivity

The perovskite LnSFC cathode material is a mixed ion and
electron (MIEC) conductor. The conductivity herein is mainly
refers to the electronic conductivity because the electronic

conductivity is several orders of magnitude higher than the
ionic conductivity in MIEC oxides. Figure 4 shows the rela-
tionship between the conductivity of the LnSFC sample and
the test temperature. As the temperature increases, the conduc-
tivity of the sample begins to increase, exhibiting a
semiconductor-like behavior. The maximum values of con-
ductivity appear at 300~450 °C. After the temperature exceeds
450 °C, the conductivity decreases and exhibits a similar met-
al conduction behavior. This phenomenon has also been found
in previous studies [25, 35]. The reduction of the B-site cat-
ions (Fe and Cu) accompanied by the formation of oxygen
vacancies results in a decrease in the conductivity of the
LnSFC at elevated temperatures. As shown in Fig. 4, in
LnSFC samples, the conductivity of PrSFC is the highest at
all the temperatures tested. Over the entire temperature range,
as the ionic radius decreases from Pr to Gd, the conductivity
decreases monotonously. Lee et al. observed similar relation-
ship for Ln0.6Sr0.4CoO3-δ (Ln = La, Pr, Nd, Sm, and Gd) [36].
They investigated that the reason of these observations may be
due to an increase of oxygen vacancy concentration with the
decrease of Ln3+ ionic radius from Ln = Pr to Gd. Currently, at
operating temperatures, conductivity greater than 100 S cm−1

is a significant symbol for fuel cell cathode materials, ensuring
that sufficient current is collected [26]. Nevertheless, it has
been reported that several perovskite cathode materials have

Table 2 The relative cation ratios
and average valences of B-site
cations for LnSFC samples

Sample The relative cation ratios (%) The average valences of B-site cation

Fe3+ Fe4+ Cu+ Cu2+

PrSFC 68 32 42 58 2.45

NdSFC 72 28 26 74 2.51

SmSFC 61 39 46 54 2.47

GdSFC 89 11 38 62 2.37

Fig. 4 The temperature dependence of electrical conductivity for LnSFC
samples Fig. 5 The Arrhenius plots of conductivity for LnSFC in the air
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relatively low electrical conductivity and good electrochemi-
cal properties. For example, Zhao et al. reported that the max-
imum conductivity of Ba0.5Sr0.5Co0.8Fe0.2O3-δ was 45 S cm−1

at 550 °C [37]. The conductivity of Cu1.4Mn1.6O4 cathode
materials reached ~ 70 S cm−1 at 750 °C [38]. In the imped-
ance section, we can see that LnSFC sample shows a better
electrochemical property.

The Arrhenius plot of conductivity for LnSFC oxides is
shown in Fig. 5. At lower temperatures (100−400 °C), the
plots are nearly linear. The conductivity activation energy of
the four samples can be accessed on the slope of the linear
part. The calculated activation energies of the PrSFC, NdSFC,
SmSFC, and GdSFC are 0.072, 0.081, 0.120, and 0.169 eV,
respectively. Compared with NdSFC, SmSFC, and GdSFC,
the transport of charge carriers for PrSFC is relatively easier.
These values are similar in magnitude to previously reported
activation energies for La0.6Sr0.4Fe0.8Cu0.2O3-δ oxide [39].
Moreover, the activation energies of LnSFC are lower than
o t h e r c o b a l t - f r e e c a t h o d e ma t e r i a l s s u c h a s
Sm1 . 8 7 5Ba3 . 1 2 5Fe5O15 -δ (22 .4 kJ /mol ) [40] and
SmBa0.5Sr0.5CuFeO5+δ (116.89 kJ/mol) [41]. This conductive
behavior is consistent with small polaron hopping mechanism
(i.e., localized electronic carriers having a thermally activated
mobility), follows the relation:

σ ¼ A=Tð Þexp −Ea=kTð Þ ð1Þ

where A is the pre-exponential factor, Ea is the activation
energy for hopping conduction, k is the Boltzmann constant,
and T is the absolute temperature. The charge compensation
for LnSFC is primarily electrons, and the conductivity can be

attributed to the migration of electron holes. At higher tem-
peratures, the electrical conductivity decreases with the in-
crease of testing temperature. It is obvious that there is a sig-
nificant negative deviation from linearity in the plots, indicat-
ing that this conductive behavior is not consistent with low
temperature assumption. At high temperature range (400−800
°C), ionic compensation becomes significant due to the loss of
the lattice oxygen and can thus be related to a decreasing
concentration of electron holes as the concentration of oxygen
vacancies increases in the material, as expressed in Eq. (2)
[42]:

2B•
B þ Ox

o→V ••
B þ 2Bx

B þ
1

2
O2 ð2Þ

where Bx^ refers to neutrality with respect to the lattice.
Therefore, electrical conductivity decreases with increasing
temperature due to the partial annihilation of electron holes.
Similar results have been reported in the other perovskite ma-
terials [43].

Thermal expansion

Figure 6 shows the TEC of the LnSFC samples tested
from room temperature to 800 °C. And the average TEC
values of the LnSFC samples are shown in Table 3. The
TEC values of the PrSFC, NdSFC, SmSFC, and GdSFC
are 17.30, 17.19, 16.72, and 12.89×10−6 K−1, respectively.
The averages TEC are comparable to previous reports [26,
44]. In LnSFC oxides, the TEC values decrease from Ln =
Pr to Gd and the TEC value of GdSFC is very close to the
extensively used SDC electrolyte (12.2 × 10−6 K−1). As
the binding energy of ions in the crystal structure in-
creases with the decrease of ion distance, the ionicity of
Ln–O bond decreases, which leads to a decrease of TEC.
Similar results can be seen in Ln0.4Sr0.6Co0.8Fe0.2O3-δ (Ln
= La, Pr, Nd, Sm, Gd) [13] and Ln0.6Sr0.4CoO3−δ (Ln =
La, Pr, Nd, Sm, and Gd) materials [36]. Figure 6 also
shows that the slope of the TEC curve increases greatly
when the temperature is higher than 450 ° C. It indicates
that the lattice expansion accelerates with the temperature
rising due to the reduction of Cu and Fe cations and con-
sumption of the lattice oxygen. With temperature increas-
ing, the oxygen vacancies are formed due to loss of lattice
oxygen, which in turn leads to a reducing in the strength
of the B–O bond intensity and an increase in the size of
the BO6 octahedron, resulting in lattice expansion. Also,
in order to examine the expansibility of the samples, high-

Fig. 6 Thermal expansion curves of the LnSFC samples

Table 3 TEC values of LnSFC in
the range of room temperature to
800 °C

Sample PrSFC NdSFC SmSFC GdSFC

TEC 17.30 × 10−6 K−1 17.19 × 10−6 K−1 16.72 × 10−6 K−1 12.89 × 10−6 K−1
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Fig. 7 High temperature powder X-ray diffraction patterns of LnSFC samples after sintering at 950 °C for 10 h a PrSFC, b NdSFC, c SmSFC, and d
GdSFC

Fig. 8 Cross-section SEM
micrographs of the LnSFC
cathodes and SDC electrolyte
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temperature XRD (HT-XRD) measurement was conducted
on the LnSFC powders after sintering at 950 °C for 10 h.
The XRD patterns recorded every 100 °C are shown in
Fig. 7. With increasing temperature, the main XRD peaks
of the LnSFC sample shift toward the low-angle direction
gradually, indicating the expansion of the perovskite lat-
tice, which is similar with the reported B-site double pe-
rovskites [45].

Microstructure

Figure 8a–d show a cross-section microstructure of LnSFC
cathodes coated on an SDC electrolyte. The sintering condi-
tion is 950 °C for 2 h. As shown in Fig. 8, the cathode structure
has uniform particle and porosity, which can make the trans-
mission of oxygen and oxygen ions more rapidly. Figure 8
illustrates that the SDC electrolyte is very dense, preventing
direct contact of the fuel gas with the air, put an end to an
internal short circuit. The cathode and electrolyte interface is
also tightly bonded, and there is no phenomenon that the cath-
ode layer breaks or falls off at high temperatures.

Impedance analysis

Figure 9a–d show the impedance measured for LnSFC sam-
ples in air at 750 °C and 800 °C. An equivalent circuit diagram
after impedance fitting is given in Fig. 9e. R is an ohmic

Fig. 9 Impedance spectra and equivalent circuit model of LnSFC cathode at 650 °C to 800 °C

Fig. 10 The Rp of different LnSFC cathodes measured at 600−800 °C

Ionics (2020) 26:1285–1295 1291



resistor caused by wires and electrolytes. R1 corresponds to
the polarization resistance generated by the oxygen ion migra-
tion and diffusion process of LnSFC at high frequencies. R2

corresponds to adsorption/dissociation during molecular oxy-
gen, surface oxygen, or bulk oxygen diffusion at low frequen-
cies. The sum of R1 and R2 is the polarization resistance (Rp)
[46–48]. QPE1 and QPE2 are the capacitances of the entire
electrode. As the temperature increased, the polarization resis-
tance is reduced. The results show that the test temperature has
a great influence on the electrochemical catalytic activity. The

catalytic performance of the cathode is dissatisfactory at low
temperatures, because the low temperature is not conducive to
the migration of oxygen ions. As the temperature rises, it is
easier to overcome the corresponding activation energy barri-
er, and the catalytic activity of the cathode is significantly
improved, which promotes the reaction of the electrode, so
the polarization resistance decreases with increasing
temperature.

Figure 10 shows the Rp values in the range of 600 to 800
°C. The Rp of PrSFC, NdSFC, SmSFC, and GdSFC is 0.036,
0.089, 0.097, and 0.160Ω cm2 at 800 °C, respectively. At 750
°C, the Rp of PrSFC, NdSFC, SmSFC, and GdSFC are 0.068,
0.152, 0.190, and 0.280 Ω cm2, respectively. It is shown that
Rp of LnSFC cathode decreases with the ionic radius of the
lanthanide increases. The reason of this trend may be that the
surface exchange and diffusion coefficient of oxygen in the
perovskite materials decreases with the decrease of rare earth
ion radius, leading to an increase in Rp [49]. In previous stud-
ies [50, 51], the perovskite cathodes containing Pr ions have
unusually rapid oxygen transport kinetics. In our study, in
LnSFC samples, the PrSFC cathode has a lower area-
specific resistance, which may be due to the change in the
Pr3+/Pr4+ valence state [32, 51]. Also, the electronic transmis-
sion capability of the PrSFC is also higher (see BXPS
analysis^), which is another reason for the better electrochem-
ical performance of the PrSFC. Moreover, the Rp of PrSFC is
also related with the microstructure of electrodes. The porous

Fig. 12 Voltage and power density plots of single cell at different temperature for LnSFC cathode a PrSFC, b NdSFC, c, SmSFC and d GdSFC

Fig. 11 Arrhenius plot of the Rp values for LnSFC cathode
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microstructure will not only provide sufficient three-phase
boundaries (TPB) for adsorption and diffusion of fuels, but
also ensure efficient charge transfer from electrode to electro-
lyte or from electrolyte to electrode. In LnSFC, the GdSFC
cathode has the highest polarization resistance, but the RP

values are also smaller than other Co-free cathodes such as
La0.7Sr0.3CuO3-δ (0.234 Ω cm2 at 800 °C) [52] and
Nd1.6Sr0.4NiO4 (0.93 Ω cm2 at 700 °C) [53]. The Arrhenius
plot of the Rp for the LnSFC is displayed in Fig. 11. The
calculated activation energy was 1.20, 1.25, 1.20, and
1.15 eV for PrSFC, NdSFC, SmSFC, and GdSFC, respective-
ly. It is much smaller than 1.26 eV of the cobalt-free
Ba0.95Ca0.05FeO3-δ cathode [54].

Single-cell performance

Figure 12 shows I−V curves of an SDC electrolyte-supporting
single cell using cobalt-free LnSFC as cathodes. As the tem-
perature rises, power density of single cell gradually increases.
However, the open-circuit voltage of cells is still lower than
theoretical value, which is mainly caused by the reduction of
Ce4+ to Ce3+ at the anode atmosphere. When the temperature
is 800 °C, the peak power densities of PrSFC, NdSFC,
SmSFC, and GdSFC cathodes are 364, 311, 254, and 103
mW cm−2, respectively. When the temperature is 700 °C, the
maximum power densities of PrSFC, NdSFC, SmSFC, and
GdSFC is 280, 212, 205, and 76 mW cm−2, respectively.
Compared with other three samples, PrSFC obtained the best
cell performance, which is consisted with the results of con-
ductivity and polarization impedance. Moreover, the single
cell with LnSFC cathodes get better power density compared
with some cobalt-free cathode materials. For example, the
peak power density of Pr1.95Ce0.05CuO4 cathode based on
electrolyte-supported fuel cell is 150 mW cm−2 800 °C [55].
The initial finding suggests that Co-free LnSFC perovskite
oxide is a potential cathode for IT-SOFC. In addition, a higher
cell performance can be achieved through optimizing the cath-
ode structure and using anode-supported single cells.

Conclusions

The cobalt-free LnSFC perovskite was successfully syn-
thesized as a cathode for IT-SOFC. The LnSFC cathode
materials exhibit structural change with increasing radius
size of the lanthanide ions from cubic (Ln = PrSFC) to
orthorhombic (Ln = NdSFC, SmSFC, and GdSFC) perov-
skite. The LnSFC material has good chemical compatibil-
ity with the SDC electrolyte. At 800 °C, the Rp values of
PrSFC, NdSFC, SmSFC, and GdSFC are 0.036, 0.089,
0.097, and 0.160 Ω cm2, respectively. The peak power
densities of an electrolyte-supported single cell with
PrSFC, NdSFC, SmSFC, and GdSFC as cathodes are

363.8, 311.3, 253.6, and 103.2 mW cm−2, respectively.
The results show that the fuel cell using LnSFC cathode
has good electrochemical performance. Preliminary re-
sults indicate that the LnSFC material can be applied as
a potential cathode for SOFC.
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