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Modifying the sample surface by infiltration technique using Ce0.8Sm0.2O1.9 (SDC) 
electrolyte has been done to increase the catalytic activity of the 
LaBa0.5Sr0.5Co2O5+δ (LBSC) cathode. The cathode powder structure was evaluated 
using X-ray diffraction (XRD) at room temperature, and the LBSC cathode 
microstructure was analyzed using scanning electron microscopy (SEM). The 
electrical conductivity of the LBSC cathode was tested using the four-probe DC 
method. Symmetrical cells were tested using a potentiostat Voltalab PGZ 301 and 
a digital source meter Keithley 2420. LBSC powder was discovered to have a 
tetragonal structure (space group: P4/mmm) with lattice parameters of 
a = 3.86253 Å, c = 7.73438 Å, and V = 115.338 Å. From the SEM image, the LBSC 
cathode has homogeneous, dense, and highly porous grains. The electrical 
conductivity showed metallic behavior, gradually decreasing from 167 S.cm-1 at 
300℃ to 105 S.cm-1 at 800℃. A significant increase in current density (io) of 275% 
occurred at 800℃ from 154.10 mA.cm−2 (pure LBSC) to 577.86 mA.cm−2 
(LBSC+0.5M SDC). The activation energy value (Ea) of symmetrical cells was 
determined using electrochemical impedance spectroscopy (EIS), low-field (LF), 
and high-field (HF) techniques. The activation energy of the LBSC+0.5 M SDC 
specimen was 47.9 kJ mol-1 or 79.4% lower than the activation energy of the 
LBSC cathode specimen without infiltration at atmospheric pressure of 0.03 atm. 
These results indicate that SDC infiltration of the LBSC cathode can reduce the 
activation energy of the significant. The cathode membrane adheres quite well 
to the electrolyte membrane, the cathode porosity varies in the range of 1–4 µm, 
and the grain size is 0.1–1.5 µm. 

 

1. Introduction 

Intermediate temperature solid oxide fuel cell 
(IT- SOFC) has the advantage of being one of the most 
eco-friendly energies and performs a direct 
transformation of fuel into electrical energy [1]. High 
working temperatures limit the application of SOFC due 
to the potential degradation of SOFC components and 
costly operations. Moreover, the lower SOFC operating 
temperature causes slower oxygen reduction kinetics, 
and a high over-potential occurs at the cathode and 
dramatically reduces the electrochemical activity of the 
cathode [2, 3]. 

Lowering the operating temperature allows SOFCs 
to overcome several challenges, such as reducing 
thermal degradation, enabling the utilization of 
inexpensive metal interconnection materials, and 
suppressing reactions between cell components, all of 
which lower operational costs for SOFCs. Generally, the 
cathode becomes the limiting factor for determining the 
overall cell performance. Therefore, novel SOFC 
electrodes with high electrocatalytic activity must be 
developed [4, 5]. Perovskite and its structural variants 
are utilized as high-performance cathodes for IT-SOFC. 
Cobaltite which has excellent electrochemical properties, 
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has been studied as a cathode material for IT-SOFCs [6, 
7]. 

Double perovskites are suitable as IT-SOFC cathode 
materials, which require greater surface exchange 
kinetics and faster oxygen diffusion rates in a moderate 
temperature range [8]. Oxygen can migrate rapidly 
across the LnO field on perovskite sites with the order 
LnBaCo2O5+δ, as evaluated by neutron diffraction [9]. 
LaBa0.5Sr0.5Co2O5+δ (LBSC) double perovskite was selected 
as the cathode material in this study. This study aimed 
to investigate infiltration techniques to enhance SOFC 
performance even though LBSC characterization, such as 
crystal structure, weight loss, thermal expansion 
characteristics, microstructure, and electrochemical 
properties, has already been examined. Due to the 
relatively high activation energy required for the oxygen 
reduction reaction, the electrochemical resistance of 
SOFC components, particularly the cathode, will increase 
with decreasing operating temperature (ORR) [10]. 
Therefore, many researchers make great efforts to 
reduce the cathode’s polarization resistance (Rp) to 
improve the cathode’s performance [11, 12]. One of the 
practical and cost-effective approaches for cathode 
surface modification through wet chemical infiltration 
can increase catalytic activity [13]. 

Based on the literatures [14, 15, 16, 17, 18, 19], there 
was a significant decrease in cathode polarization 
resistance after infiltration. For example, the area-
specific resistance (ASR) or Rp values of the cathode 
La0.6Sr0.4Co0.2Fe0.8O3−δ (LSCF) were 0.4 Ω.cm2, 0.15 Ω.cm2, 
and 0.064 Ω.cm2 at 700℃, 750℃, and 800℃, after 
infiltrating 0.25 mol L-1 Ce0.8Sm0.2O1.9 (SDC) into the 
porous LSCF, the Rp values decreased to 0.17 Ω.cm2, 
0.074 Ω.cm2, and 0.041 Ω.cm2 at 700℃, 750℃, and 
800℃. The LCF electrode experienced a significant 
decrease in Rp value after being infiltrated with SDC, 
indicating an increase in electrochemical activity [20]. 

The Rp value of the cathode SmBa0.5Sr0.5Co2O5+δ 
(SBSC55) decreased from 4.17.cm2 at 600℃ to 0.35.cm2 at 
800℃, as previously reported by Subardi and Fu [21]. The 
Rp value was significantly reduced when the SDC nano 
electrolyte was infiltrated into the pure SBSC55 cathode, 
indicating the presence of both electrochemical 
processes. This electrochemical process, specifically the 
electrochemical reaction between the electrode-
electrolyte layers and the adsorption-desorption of 
oxygen diffusion between the cathode-gas surface 
layers, was enhanced simultaneously by active SDC 
nanosized particles. The Rp value of porous SBSC55 
decreased from 3.82 Ω.cm2 at 600℃ to 0.24 Ω.cm2 at 
800℃ when 0.13 M SDC was infiltrated onto its surface. 
Rp values decreased to 1.28 Ω.cm2, 0.32 Ω.cm2, and 0.11 
Ω.cm2 at 600℃, 700℃, and 800℃, respectively, when the 
number of SDC doses was increased to 0.65 M. 
Infiltration of SDC into the SmBa0.5Sr0.5Co2O5+δ cathode, 
as reported previously by our team, revealed SDC grains 
measuring between 10 and 35 nm. On the surface of the 
porous cathode, SDC granules are evenly and uniformly 
distributed, resulting in improved interconnection and 
electrochemical properties. 

In this research paper, SDC nanoparticles were 
successfully infiltrated into the porous LBSC cathode to 
improve the electrochemical properties of the cathode. 
The structure and conductivity of the LBSC cathode were 
also investigated. 

2. Experimental 

2.1. Materials and Equipment 

Stoichiometric amounts of La2O3, (99%, Wako Pure 
Chemical Industries, Ltd.), SrCO3 (98%, Shimakyu 
Chemical Co., Ltd), BaCO3 (98.8%, Showa Chemical 
Industries, Ltd.), and CoO (99.9%, Choneye Pure 
Chemical Co., Ltd.) powder were used as raw materials. 
LBSC cathode powders were prepared using a solid-state 
reaction method. Detailed procedures regarding cathode 
fabrication can be seen in reference [22]. Ce0.8Sm0.2O1.9 
(SDC) powder was synthesized by coprecipitation 
method using Ce(NO3)3.6H2O (99%, Wako Pure Chemical 
Industries, Ltd.) and Sm(NO3)3.6H2O (99%, Wako Pure 
Chemical Industries, Ltd.) as starting materials. Detailed 
procedures regarding SDC electrolyte fabrication can 
refer to reference [23]. 

The tools were glassware, digital scales, alumina 
grinding balls, magnetic stirrer, digital scales, furnaces, 
screen printing, injectors, and vacuum tubes. The 
instruments used were a press machine, XRD Rigaku 
D/MAX-2500V, a digital source meter (Keithley 2420), 
VoltaLab PGZ 30 potentiostat, and Z-view. 

2.2. Specimen Fabrication 

LBSC|SDC|LBSC symmetrical cells infiltrated with 
SDC electrolyte by screen printing technique. LBSC 
double perovskite cathode paste was smeared on both 
sides of an SDC electrolytic disc with a diameter of 1.3 cm 
and a thickness of 0.1 cm. After the cathode was printed 
on the SDC electrolyte, the sample was sintered at 1000℃ 
for 4 hours. A detailed explanation of the fabrication of 
symmetrical cell samples can be seen in the previous 
paper [21]. The symmetric cell test was tested at a 
furnace temperature of 600–800℃ at 50℃ intervals 
under atmospheric pressure (O2) of 0.21 atm. 

2.3. Characterization and Measurement 

Cathode powder LaBa0.5Sr0.5Co2O5+δ (LBSC) was 
characterized using XRD with Cu Kα radiation (1.5418 Å), 
the scanning rate of 4°/min and scanning range of 20°-
80°. Electrical conductivity measurement data was 
recorded with a digital source meter (Keithley 2420). The 
microstructure of the LBSC cathode was observed with a 
scanning electron microscope (SEM; Hitachi 3500H). AC 
impedance was measured using a VoltaLab PGZ 30 
potentiostat. EIS (electrochemical impedance 
spectroscopy) was performed under cathodically 
polarized conditions as a function of the cathodic 
voltage. Z-view software was used to conduct an EIS 
fitting analysis. 

3. Results and Discussion 

The X-ray diffraction pattern of calcined LBSC 
cathode powder at 1100℃ for 5 hours is shown in Figure 
1. XRD pattern of LBSC as a double perovskite structure 
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without peaks due to impurities [24]. This result 
indicates that the LBSC cathode powder fabrication was 
successful. The results of the diffraction pattern fitting 
are in line with the ICSD 98-009-0492 database. General 
Structure Analysis Software (GSAS) was employed for 
Rietveld refinement. Based on the refinement data, it is 
known that the diffraction pattern of the LBSC sample 
has a tetragonal structure (space group: P4/mmm) with 
lattice parameters a = 3.86253 Å, c = 7.73421 Å, and V = 
115.338 Å. The shift of the highest peak (102) towards the 
lower angle indicates the expansion of the unit cell 
volume. 

The electrical conductivity of the LBSC cathode 
samples is shown in Figure 2 for the temperature range 
of 300–800℃ and p(O2) of 0.03 and 0.0032 atm. The 
conductivity significantly decreased with increasing 
temperature on p(O2) of 0.03 atm, indicating metallic 
properties. 

 

Figure 1. X-ray diffraction pattern of sintered LBSC 
cathode powder at 1100℃ and Rietveld analysis using 

the General Structure Analysis System (GSAS) 
application 

The reduction in conductivity occurred since the 
initial heating at 300℃, as shown in Figure 2. This 
reduction occurred due to the lattice defects of the Co–
O–Co bonds, resulting in the removal of oxygen atoms 
from the lattice and the reduction of Co4+ to Co3+ or Co3+ 
to Co2+. The LBSC cathode conductivity value ranged 
between 100–165 S.cm-1 and met the requirements of a 
SOFC cathode material [25]. 

 

Figure 2. LBSC cathode conductivity at p(O2) of 0.03 and 
0.0032 atm 

The energy band overlap between Co-3d and O-2p, 
the presence of Co4+ ions from the thermally generated 
Co3+ charge disproportion, and the loss of oxygen from 
the lattice at higher temperatures all affect the metallic 
conductivity of LBSC materials [26, 27, 28]. The electrical 
conductivity decreased with decreasing p(O2) at p(O2) of 
0.0032 atm (O2), and the trend was similar to testing 
under atmospheric pressure p(O2) of 0.03 atm. Figures 
3(a) and 3(b) show Nyquist plots for impedance 
spectroscopy of LBSC and LBSC+0.5 M SDC cathodes. As 
has been reported by previous studies [21], SDC 
infiltration towards the SmBa0.5Sr0.5Co2O5+δ cathode 
revealed SDC grains in the range of 10–35 nm. SDC 
granules are homogeneously distributed on the surface 
of the porous cathode resulting in good interconnection 
and improved electrochemical properties. According to 
this circumstance, SDC nanoparticles actively promote 
both simultaneous adsorption-desorption of oxygen 
diffusion between layers of cathode-gas surface and 
electrochemical reactions between layers of electrode 
and electrolyte [21]. 

 

Figure 3. Nyquist plots for impedance spectroscopy: (a) 
LBSC cathode without infiltration, (b) LBSC+0.5M SDC 

cathode at 600–800℃ 

The current density parameter can be used to assess 
the intrinsic oxygen reduction rate and the cathode’s 
electrochemical characteristics [29]. In this paper, a 
technique of electrochemical impedance spectroscopy 
(EIS), low-field (LF), and high-field (HF) was used to 
determine the value of the current density, a more 
detailed explanation of these three techniques can be 
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seen in reference [22]. The overall activation energy (Ea) 
for the oxygen reduction reaction (ORR) was calculated 
by the Arrhenius equation (1) based on the slope of the 
Arrhenius plot. 

 𝐿𝑛 𝑖𝑜 = 𝐿𝑛 𝐾 −
𝐸𝑎

𝑅𝑇
 (1) 

where K is the pre-exponential constant, determined 
from the y-intercept, and Ea is the activation energy of 
the reaction. The Ea for ORR relates to the different 
preparation techniques, cathode compositions, and 
cathode structures. 

Figure 4 shows the Arrhenius plots for the current 
density values collected from LBSC double perovskite 
specimens at working temperatures between 600–
800℃. The activation energy (Ea) values of symmetrical 
cells were 138.0 kJ mol-1, 74.8 kJ mol-1, and 77.7 kJ mol-1, 
respectively, for EIS, LF, and HF, as shown in Figure 4(a). 

 

Figure 4. (a) Arrhenius plot for ORR of LBSC cathode on 
the SDC electrolyte, the obtained current density (io) 

through the EIS, LF, and HF techniques, (b) Ln (Rp) vs. 
1000/T over a temperature range of 600–800℃ 

The linearity of the Arrhenius plot indicates that the 
LBSC double perovskite oxides are stable concerning 
temperature. The activation energy (Ea) of the 
polarization resistance of LBSC+0.5 M SDC cathode from 
the plot Ln (Rp) vs. 1000/T was 47.9 kJ mol-1 or 
significantly decreased compared to pure specimen 

[LBSC], which was 127.3 kJ mol-1 or decreased by 79.4% 
at an atmospheric pressure of 0.03 atm as shown in 
Figure 4(b). 

The current density of the LBSC cathode increased 
from 11.13 Ω.cm2 at 600℃ to 154.1 Ω.cm2 at 800℃. The 
current density of the LBSC cathode increased from 3.60 
to 19.19 mA.cm-2 at 600℃ after infiltration with 0.5 M 
SDC. The current density value experienced a continuous 
increase at 700℃ from 72.28 (pure LBSC) to 
83.84 mA.cm- 2 (LBSC+0.5 M SDC). The current density 
increased significantly at 800℃ by 275%, from 154.10 
mA.cm-2 (pure LBSC) to 577.86 mA.cm-2 (LBSC+0.5M 
SDC). It is proven that the infiltration of 0.5 M SDC into 
the porous LBSC cathode significantly increases the 
current density value for the LBSC double perovskite 
cathodes, as shown in Table 1. 

Table 1. The current density (io) values of the LBSC and 
LBSC+0.5 M SDC cathodes were determined by the 

EIS method 

Temperature 
(℃) 

Current density (io) (mA.cm-2) 

LBSC LBSC+0.5 M SDC 

600 11.13 19.19 

650 25.17 38.99 

700 72.28 83.84 

750 88.15 314.82 

800 154.10 577.86 

The cathode microstructure is strongly related to 
electron and oxygen transport. These properties impact 
the performance of solid fuel cells (SOFC), including 
reaction kinetics, charge transport, and mass transport 
preprocess [30]. In general, the cathode layer in SOFC 
components is required to have homogeneous, dense, 
and highly porous grains. The highly porous cathode will 
facilitate oxygen transport to the active three-phase 
boundary (TPB) site. TPB is the interface area between 
the electrode, electrolyte, and fuel gas where the overall 
reaction occurs. The high ionic conductivity of SDC 
enlarges the active reaction zone, thereby decreasing 
resistance polarization (Rp) and enhancing SOFC 
performance [31]. The microstructure of the 
LBSC|SDC|LBSC symmetric cell cross-section is shown 
in Figure 5. 

 

Figure 5. Symmetrical cross-section of cells observed 
using SEM 
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4. Conclusion 

This study focused on enhancing the performance of 
symmetrical cells by modifying the cathode surface. The 
current density value increased by 275% at 800℃. The 
activation energy (Ea) of the polarization resistance of 
the LBSC+0.5 M SDC cathode was 47.9 kJ mol-1, which is 
79.4% less than that of the LBSC sample without 
infiltration. Ea values of symmetrical cells LBSC+0.5 M 
SDC|SDC| LBSC+0.5 M SDC| in the order EIS > HF > LF. 
SDC nanoparticles actively amplify the electrochemical 
reaction between the layers of the electrode-electrolyte 
and the adsorption-desorption of oxygen diffusion 
between the layers of the cathode-gas surface, thereby 
significantly enhancing the performance of the 
symmetrical cell. 
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