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Abstract. As a mixed oxygen ionic electronic conductor with high conductivity and exceptional catalytic activity 
for oxygen reduction and mobility, barium strontium cobalt ferrite (BSCF) is an excellent cathode for solid oxide 
fuel cells operating at intermediate temperatures. This composite cathode's ionic conductivity can be enhanced by 
increasing the electrode activity in oxygen reduction reactions, by adding certain catalyst materials. This study 
aims to determine how copper oxide (CuO) affects the BSCF-SDCC composite cathode. Wet ball milling was 
used to mix the powders, and were then calcined at 750 °C. The calcined BSCF-SDCC composite cathode powder 
was dry milled with the CuO at different weight percentages (1–5% wt%). After that, the powders were analyzed 
using a range of analytical methods. X-ray diffraction (XRD) was used to identify the phase and structure. 
Scanning electron microscopy (SEM) and energy dispersive spectroscopy (EDS) were utilized for microstructure 
observation and element analysis., Fourier transform infrared spectroscopy (FTIR) was used to analyze chemical 
bonds. The XRD measurements revealed the presence of secondary phases of 2θ at 29° and 46° in the BSCF-
SDCC-CuO composite cathode powder. This condition can occur when the composite powder is blended using 
the ball milling method and is caused by an alkaline oxide reaction during the calcination process. FTIR studies 
showed a BSCF-SDCC-CuO bonding at 1421 cm-1 and 1423 cm-1, respectively, whereas an asymmetric stretching 
vibrations band is suggested at 1424 cm-1. FTIR results show the connection between the metal oxides and the 
composites. In addition, SEM analysis displays that as the composition of CuO increases, the percentage of 
porosity decreases. These findings displayed that the CuO addition improved the chemical properties of the BSCF-
SDC composite cathode powders. 
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1. INTRODUCTION  
 

A fuel cell is an electrochemical device that transforms the chemical energy into electrical 
energy and heat. Furthermore, compared to combustion-based heat engines, which involve a multi-step 
process involving a conversation from chemical energy to thermal energy to mechanical energy, fuel 
cells simply include a single step, which is from chemical energy to electrical energy [1]. For example, 
energy-generating combustion technologies will have an adverse impact on environmental issues. 
However, there were other benefits to fuel cells, including their distributed nature, low noise, excellent 
electrical efficiency, and fuel adaptability [2]. Among all fuel cell varieties, the Solid Oxide Fuel Cell 
(SOFC) has proven to be an extraordinary and promising power production technology since it can 
directly convert the chemical energy in fuels into electric power with high efficiency and low emissions. 
It could run on a range of fuels, produce no noise pollution, and employe clean methods to transform 
chemical energy into electricity [3]. Previous studies have shown that the production of the SOFC 
system required solid components and a crucial procedure that was costly and challenging to 
commercialize [4]. Because of this, conducting SOFC at intermediate temperatures (600–800 °C) is 
essential because it enables the use of reasonably priced metal alloys, which will reduce interfacial 
diffusion and electrode sintering [5]. 

 
Perovskite structure material has been shown in earlier studies to be a good and effective 

cathode material for solar organic fuel cells. This condition is reconsidered met by most perovskites, 
which include lanthanum, manganite, ferrites, and cobaltite [6]. The latest development in perovskites-
structure materials, barium strontium cobalt ferrite (BSCF), has outstanding characteristics such as high 
conductivity, excellent catalytic activity for oxygen reduction and mobility, ionic conductivity, 
superconductivity, ferroelectricity, and magnetic resistance. [7]. Furthermore, the suitability of BSCF 
as a material for the solid cathode has been established. To improve cell performance and other qualities, 
it is important to mix various elements while forming a unique chemical [8]. The ionic conducting phase 
samarium doped ceria (SDC) was impregnated into a mixed conducting phase (BSCF) to considerably 
improve the electrochemical properties of a variety of innovative cathodes [9]. The SDC content has a 
major impact on the combination electrode's electrochemistry property. Samarium Doped Ceria offers 
reduced total costs, a longer stack lifetime, less interfacial losses with the cathode and anode, and 
increased oxygen ion conductivity [10]. 

 
The SOFC system's performance can be enhanced by the catalyst material. This material can 

speed up the anode and cathode processes. The addition of copper oxide (CuO), a superb catalyst 
material for oxygen surface adsorption, dissociation of molecular oxygen into atomic oxygen, and 
oxygen surface diffusion, improves the overall oxygen surface exchange kinetics of BSCF electrodes 
[11]. Previous study has shown that improving chemical reaction can be achieved by employing BSCF-
SDCC composite cathode with addition of suitable catalyst [12]. The need for cathode and electrolyte 
materials can be improved with good intermediate-temperature fuel cell application. Therefore, the aim 
of this research was to determine the effects of CuO addition on the chemical properties of the BSCF-
SDCC composite cathode powder. 
 
 
2. MATERIALS AND METHODS 
 

 The mixture of 80 weight percent SDC powder and 20 weight percent binary carbonates used 
to make the composite electrolyte SDC carbonate (SDCC). The ratio of binary carbonates' molar 
proportions was 67:33 for 𝐿𝐿𝐿𝐿2𝐶𝐶𝐶𝐶3 and 𝑁𝑁𝑁𝑁2𝐶𝐶𝐶𝐶3 respectively. After that, all the powders, ethanol, and 
milling balls was combined, and dry ball milled for 24 hours at 150 rpm. Using a wet milling process, 
commercial BSCF and SDC powder was ground into BSCF-SDC composite cathode powder. The ratio 
of BSCF to SDCC is 50:50 in the composite powder. The two-hour milling process involved the 
utilization of high energy ball milling, with ethanol as the mixing medium. After mixing process, the 
powder was heated up at 90 °C for 12 hours to dry it out. The composite cathode powders crushed using 
an agate mortar after drying process. Then, copper oxide (CuO) was added to the BSCF-SDCC 
composite cathode powder in a weight range of 1% to 5% to carry out the dried-milling process. This 
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process of dry milling at 150 rpm was finished in 120 minutes. The sample was heated to 750 °C in an 
electric furnace for the calcination process following the milling procedure. Table 1 presents a summary 
of the sample identity. 

 
Table 1: Identification of Sample 

Sample Amount of Copper Oxide (% weight) 
BS-CuO0 0 
BS-CuO1 1 
BS-CuO2 2 
BS-CuO3 3 
BS-CuO4 4 
BS-CuO5 5 

 
To get the desired results about the chemical properties of BSCF-SDC when CuO was added, 

a few tests were required. X-ray diffraction (X-ray; Bruker D8 Advance, Germany) is one of the tests 
used to examine the sample's phase and crystalline structure. Unknown minerals, inorganic compounds, 
and crystalline materials are commonly identified using XRD. This research was performed using Cu 
K radiation at room temperature, with a wavelength of 0.15418. The step scanning of 0.02° with scanned 
diffraction pattern ranges from 20° to 90° was applied. The Eva Diffract Plus Software indicated to 
analyze the data. The equipment utilized for element characterization was a scanning electron 
microscope (SEM) (Hitachi Tabletop 3030, Japan) and energy dispersive spectroscopy (EDS). EDS 
uses a concentrated electron beam to emit the x-ray spectrum for a localized chemical analysis. For 
SEM and EDS investigation, gold coating was applied to the powder samples. Utilizing (Elmer 
Spectrum 100, USA), Fourier transform infrared spectroscopy (FTIR) was employed to assess the 
chemical bonding in the BSCF-SDCC-CuO composite cathode powder. This technique, based on 
scattering-type scanning near field optical microscopy, creates infrared images with nanoscale spatial 
resolution by capturing the infrared light dispersed at a scanning probe tip. Some composite powder 
was applied to the sample container to perform the test using the attenuated total reflection (ATR) 
method. The software Spectra Express (version 1.3.2) was utilized to analyze the infrared spectra, which 
were captured within the wave range of 550 to 4000 cm-1. 
 
 
3. RESULTS AND DISCUSSION 

3.1 Phase Analysis by XRD 

XRD analysis was performed on BS-CuO0 and BS-CuO5 composite cathode powder, and the 
findings are displayed in Figure 1. The material has a phase structure with JCPDS no. 00-005-0563 
(cubic crystal) for BSCF, JCPDS no. 01-075-0157 (faced-center cubic) for SDCC, and JCPDS no. 03-
004-0743 (faced-center cubic) for CuO, according to the data gathered. The basic material's intensity 
pattern is produced at a common spectrum. To obtain the final product, the BSCF-SDCC-CuO 
composite cathode powder must go through several phases of production. The major component of the 
sample, which is iron carbonate (FeCO3), and barium carbonate (BaCO3) did not appear to change in 
phase or crystallinity even after all phases had occurred. On the other hand, secondary phases of the 
iron carbonate (FeCO3) and barium carbonate (BaCO3), with JCPDS numbers 01-083-1764 and 01-
071-2394 respectively, are visible in the XRD diffraction peaks. It is anticipated from Figure 1 that the 
secondary peaks will appear when they approach the BSCF and SDC peaks. This results from the 
reaction between alkaline oxide and CO2 during the calcination process. Previous studies have shown 
that following the calcination process, there were still several ways for this secondary phase or impurity 
ions to be present in the BSCF system [13]. The HEBM process, which requires mixing at a high speed 
that causes the particle to shatter due to impact forces generated during the conversion of kinetic energy, 
may also have contributed to the formation of impurities in the composite powder [14]. The intense 
peak location of iron carbonate (FeCO3), and barium carbonate (BaCO3) is in line with the observations 
made in previous studies, which is 2 θ at 29° and 46°. However, the presence of impurities in the BSCF 
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material has caused the crystallite percentage to alter to 25.73%, even though SDC is still stable in the 
original crystallite phase [15]. The crystallite percentage was calculated using OVA software. 

 

Figure 1: XRD profiles of BS-CuO-0%, BS-CuO-1%, BS-CuO-2%, BS-CuO-3%, BS-CuO-4% and 
BS-CuO-5%. 

 
3.2 Elemental Analysis by EDS and Morphologies Analysis by SEM 

 
The elements present in the EDS spectra of Figure 2a and 2b are those of the commercial 

samples BSCF, SDCC, and CuO that were utilized in this experiment. Numerous elements, including 
Barium (Ba), Strontium (Sr), Cobalt (Co), Ferum (Fe), Samarium (Sm), Ceria (Ce), Natrium (Na), and 
Copper (Cu), were included in the composition of the cathode powder composite. All these essential 
elements were documented by the BS-CuO0 until BS-CuO5 samples. During the milling procedure, 
they were mixed uniformly and dispersed equally. Aside from that, each element's EDS weight and 
mole percentage values are presented. The particle shape from the SEM observation is shown in Figure 
3. The values obtained from the SEM results were examined using Image J. The top surface section 
image may be used to determine porosity to increase accuracy and precision. Furthermore, the process 
of calcination can remove any leftover carbon dioxide from the powder, allowing carbonate to transform 
into the necessary BSCF phase with a transparent crystal perovskite structure [16]. The link created by 
the calcination process, which reinforced the links between each element, lead to agglomeration [17]. 
Consequently, the porosity will be more precise and consistent with the overall porosity of the samples 
with this SEM analysis. 
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Element Weight 
% 

Mole 
% 

Ba 16.87 7.54 
Sr 15.62 13.52 
Co 15.09 17.15 
Fe 11.18 42.02 
Sm 10.89 15.73 
Ce 45.94 2.11 
Na 2.44 1.78 

Total 100.00 
 BS-CuO-0% 
Porosity 36.55 

 

 

Element Weight 
% 

Mole 
% 

Ba 16.87 7.54 
Sr 15.62 12.77 
Co 15.09 19.66 
Fe 11.18 27.99 
Sm 10.89 10.67 
Ce 19.54 6.38 
Na 2.11 2.19 
Cu 8.70 12.90 

Total 100.00 
 BS-CuO-1% 
Porosity 36.34 

 

 

Element Weight 
% 

Mole 
% 

Ba 14.21 8.79 
Sr 13.27 14.76 
Co 14.86 19.59 
Fe 10.81 28.42 
Sm 12.56 9.09 
Ce 22.94 5.34 
Na 1.95 2.01 
Cu 10.20 12.00 

Total 100.00 
 BS-CuO-2% 
Porosity 36.03 

 
Figure 2a: EDS Spectrum of (a) BS-CuO-0%, (b) BS-CuO-1% and (c) BS-CuO-2% 

 

(a) 

 

(b) 

 

(c) 
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Element Weight 
% 

Mole 
% 

Ba 10.66 10.61 
Sr 12.25 14.46 
Co 12.95 20.34 
Fe 8.73 31.85 
Sm 12.56 8.22 
Ce 29.48 3.76 
Na 2.17 2.67 
Cu 11.30 8.10 
Total 100.00 
 BS-CuO-3% 
Porosity 35.60 

 

 

Element Weight 
% 

Mole 
% 

Ba 13.90 9.71 
Sr 13.79 15.35 
Co 16.34 19.26 
Fe 13.53 24.54 
Sm 13.12 9.40 
Ce 16.60 7.78 
Na 1.98 2.16 
Cu 11.73 11.80 

Total 100.00 
 BS-CuO-4% 
Porosity 35.26 

 

 

Element Weight 
% 

Mole 
% 

Ba 13.36 9.88 
Sr 12.83 16.13 
Co 15.00 20.51 
Fe 12.33 26.33 
Sm 12.37 9.75 
Ce 16.44 7.87 
Na 2.33 1.81 
Cu 15.34 8.12 

Total 100.00 
 BS-CuO-5% 
Porosity 35.14 

Figure 2b: EDS Spectrum of (d) BS-CuO-3%, (e) BS-CuO-4% and (f) BS-CuO-5%. 

(d) 

 

(e) 

 

(f) 
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Figure 3: SEM morphology of; (a) BS-CuO0, (b) BS-CuO1, (c) BS-CuO2; (d) BS-CuO3,  

(e) BS-CuO4 and (f) BS-CuO5. 
 

3.3 Chemical Bonding Analysis by FTIR 
 

FTIR was used to analyze the chemical bonding in the BS-CuO0 and BS-CuO5 composite 
cathode powders, with the results displayed in Figure 4. The investigated spectra had a wavenumber 
range of 4000–550 𝑐𝑐𝑐𝑐−1. For determining infrared transmittance and other related properties, such as 
the functional group of organic compounds, FTIR was a very useful technique [18]. The FTIR data for 
each of the produced composite cathode powders are summarized in Table 2. Every composition shows 
a composite of six different compositions. Analyzing infrared ray transmittance lines is essential for 
identifying the functional group of organic compounds. A band of hydrogen (O-H) bond developed at 
wavenumbers 3000 to 4000 𝑐𝑐𝑐𝑐−1 because of water adsorption caused by interactions between the 
sample and its environment, as seen in Figure 4 [19]. Carbon bonding occurs at 1421 and 853 𝑐𝑐𝑐𝑐−1, 
respectively, and two prominent peaks that correspond to the molecules BS-CuO1% and BS-CuO5% 
are seen on this graph. The same carbon bonding was shown to develop at 1423 and 859 𝑐𝑐𝑐𝑐−1 for BS-
CuO2%, BS-CuO3%, and BS-CuO4% from the Figure 4. A bonding band exists between 1421 and 
1423 𝑐𝑐𝑐𝑐−1 and is frequently brought on by CH2 bending vibration. Furthermore, the absorption bands 
that occurred between 800 and 4200 𝑐𝑐𝑐𝑐−1 are commonly caused by the development spectra of the 
final calcined powder as well as the synthesis of metal oxide linkages such as Ba-O, Sr-O, Co-O, and 
Fe-O. As the amount of CuO added to BSCF-SDCC increased, the porosity of the BSCF-SDCC-CuO 
electrolyte decreased and lowered the cathode's sintering temperature. 

Table 2: FTIR results of BS-CuO-0% and BS-CuO (1-5wt %) composite cathode powder. 

Composite Wave number (cm-1) Functional group 

All 3000-4000 Hydrogen (O-H) bond 

BS-CuO-0% 1383-1434 Carbonate (CH3) bending 

853-859 Carbonate (CH2) out-of-plane 
bending 

BS-CuO 
(1-5wt %) 

1421-1423 Carbonate (CH2) bending 

586-857 Metal oxides bonds 
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Figure 4: FTIR spectrum graph for BS-CuO-0%, BS-CuO-1%, BS-CuO-2%, BS-CuO-3%, BS-CuO-
4% and BS-CuO-5%. 

 
 
 
4. CONCLUSIONS 

 
This work proposes to investigate and assess the effects of CuO addition on the chemical 

properties of BSCF-SDCC composite cathode powder. To sum up, all the tests that were taken showed 
a positive correlation. The XRD results show that secondary peaks (BaCO3 and FeCO3) were formed 
during the composite powder's calcination process. The secondary peaks may arise because of the 
alkaline earth oxide elements (Ba and Sr) reacting with CO2 during the heat treatment procedure. The 
SEM morphology data show that there is an increase in particle shape and a tendency for the sample to 
agglomerate with an increase in CuO addition. Furthermore, the EDS spectrum graph showed the 
quantitative amount that each atom of the composite cathode material contained in addition to the peak 
of each element. The calcined BSCF-SDCC composite powders' growth spectra are examined, along 
with the creation of metal oxide connections including Ba-O, Sr-O, Co-O, and Fe-O. The addition of 
copper as a unique bonding element is supported by the existence of CuO, as determined by EDX 
analysis, which adds to the overall stability of the composite. Additionally, as demonstrated by SEM 
micrographs and Image J analysis, increasing CuO content causes a decrease in porosity, suggesting 
improved structural integrity. Surprisingly, great care must be taken while selecting a material and 
parameter to avoid unexpected impacts on the properties and stability of the composite cathode powder. 
It is believed that the BSCF-SDCC composite cathode powder's characteristics will improve with the 
addition of CuO. As a result, further research is required on the conductivity of the BSCF-SDCC-CuO 
composite cathode. 
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