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ABSTRACT 
 Solid-oxide fuel cells offer numerous competitive advantages, including higher efficiency and low emissions of 
greenhouse gases. Material synthesis and selection of its components, including cathode, anode, electrolyte, and 
interconnect, play a vital role in obtaining the goal. La1-xSrxY0.75Co0.25O3 (x= 0.10, 0.20, 0.30, 0.40) perovskite 
material in the crystalline form of size 185nm to 245nm has been synthesized for its applications. Substituent 
increases the density value. The material exhibited weight loss on and above 400 oC temperature confirming the 
creation of oxygen vacancy on reduction of Y3+/Co3+, and the temperature expansion coefficient decreased with Sr2+ 
substitution. Impedance analysis of all the samples confirmed that the material is dielectric enough and conductivity 
increased with temperature, frequency, and doping content. The conductivity of the material was found to be more 
than 100 S/cm above 600 oC, and the activation energy of the material was found to be 0.19 eV for compositions 
0.10 and 0.17 eV for 0.40. Observed parameters confirmed that the material synthesized is appropriate for the 
cathode component of the cell which can work at an intermediate temperature. 
Keywords: Energy, Perovskite, Cathode, Crystalline, Conductivity. 
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INTRODUCTION 
Solid oxide fuel cells (SOFCs) are fuel cells that have fascinated a lot of interest because of their excellent 
fuel flexibility, low pollution emissions, high energy transformation efficiency, and electrochemical 
processes that take place to create electricity.1-5 Their energy conversion efficiency may reach 65%, which 
is much greater than that of conventional fuel cells.6-8 Another distinctive feature of SOFCs is co-
generation, which raises the device's efficiency to around 85% by using the heat created during operation 
to produce electricity. Due to this, SOFCs may also be utilized in steam and gas turbines as combustors. 
Since the steam transformation is endothermic reaction, a substantial amount of thermal energy is needed 
to keep it running, and high working temperature of SOFCs provides this energy.9-11 Expensive catalysts 
like platinum are rarely necessary when using SOFCs. Nevertheless, SOFCs operating at (~1000}) 
temperatures have certain drawbacks, including a longer startup time, a shorter cell lifetime because of 
unfavorable degradation, and reactions between the cell's components, all of which raise the cell's overall 
cost.12-14 Titanium based nanoparticles also reported in literature.15-17 Thus, in order to work around these 
drawbacks, current research is concentrating on bringing the temperature of operation of SOFCs down by 
modifying the materials or adding novel materials that could function in the intermediate-temperature 
ranges at 600–800°C instead of 1000°C or more.18-21 Higher cathodic polarization at low operative 
temperatures, it is required to improve cathode materials with suitable material for excellent performance 
of the cell. But, a fall in the operational temperature drops the cell output by raising the polarization 
resistance.22,23 An integral part of a SOFC is the cathode, where oxygen (air) enters in it, and is 
transformed into ions (O2-). This process is called as ORR that is oxygen reduction reaction. The 
performance of a device is significantly impacted by the material selection process, which is based on 
necessity and application. In the same way, material choice is important for SOFC operations. In the last 
two decades variety of ABO3 perovskite materials, La0.6Sr0.4Co0.8Cu0.2O3−δ

24, La0.7Sr0.3FeyMn1-yO3 ( for y 
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equal to 0.10 and 0.40)25, Nanoscale bismuth oxide impregnated (La,Sr)MnO3
26, La1.85Sr1.15Cu2−xCoxO6+δ 

intergrowth oxides27, La1-xCaxFe0.75 Co0.25O3 {x = 0.05, 0.15, 0.25, 0.35}28,29,Silver substituted 
(La0.8Sr0.2)1−yAgyMnO3 for y equal to 0.05,0.10,0.15 and 0.20 value30,31 in which Lanthanide and reducible 
transition metals respectively place at A, and  B site with suitable doping of metals like rare and alkaline 
earth at the Lanthanide site has been reported to synthesized the cathode component of SOFCs. 
 

EXPERIMENTAL 
La1-xSrxY0.75Co0.25O3 (0.10 ≤x ≤ 0.40) Perovskite cathode material has been synthesized by using yttrium 
oxide, Lanthanum oxide, Cobalt oxide, and strontium carbonate (99.9% pure) from Sigma Aldrich via the 
solid-state reaction process. Mixed power in stoichiometric ratio, ball milled for 6 hours. After ball 
milling, the precursor powder was subjected to 90toC for calcination for twelve hours by conventional 
way and then ground by a mortal pestle for one hour. 2% polyvinyl alcohol was used as a binder to 
prepare round pellets of one mm width, ten mm diameter, and as prepared, samples were sintered for four 
hours at 1250 °C. As prepared, samples were characterized to observe the desired properties. 
 

RESULTS AND DISCUSSION 
Structural Properties 
The X-ray diffraction (XRD) technique was used to analyze the La1-xSrxY0.75Co0.25O3 (0.10 ≤x ≤0.40) 
material. The prepared material is crystalline in nature, as shown in Fig.-1. ICDD card no. 01-089-5718 
was used for peak matching, which showed rhombohedral, R-3c, and 167 crystal structure, space group, 
and its number, respectively. Peak (400) and (100) specified secondary phases are matched with ICDD 
card no. 01-073-1334. Variations with a dopant in crystalline size calculated by Shearer's formula, 
Crystallographic parameters, theoretical density, and experimental density determined by the Archimedes 
liquid displacement process are displayed in the 01 and 02 table numbers. 
 

 
Fig.-1: Pattern of XRD of La1-xSrxY0.75Co0.25O3 (0.10 ≤x ≤0.40)  

 

Table-1: Crystallographic Parameters of La1-xSrxY0.75Co0.25O3 (0.10 ≤x ≤0.40) Perovskite 

 

Table-2: Density of La1-xSrxY0.50Co0.50O3; x equal to (a) for 0.10, (b) for .20, (c) for 0.30, and (d) for 0.40 

 

Scanning electron microscopy (SEM) used to draw micrographs of the samples. The present work for the 
two samples with lower composition and higher composition has been given in Fig.-2 (a & b). Size 

Sample Lattice Parameters (Å) volume(Å3) Crystalline size(nm) 
 La1-xSrxY0.75Co0.25O3 a    b c  Cell Occupied free volume 

x= 0.10 5.47 5.47 13.26 396.75 48.64 0.877 185 
x= 0.20 5.46 5.46 13.25 395.01 47.50 0.879 207 
x= 0.30 5.46 5.46 13.23 394.40 46.35 0.882 230 
x= 0.40 5.45 5.45 13.21 392.37 45.21 0.884 245 

Sample 
La1-xSrxY0.75Co0.25O3 

Density (g cm-3) 

Theoretical (dth) Experimental (d) (%) (d/dth) 
x= 0.10 5.41 5.08 93.90 
x=0.20 5.43 5.11 94.10 
x= 0.30 5.45 5.20 95.41 
x= 0.40 5.48 5.28 96.35 
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calculated by Shearer's formula has been verified by the SEM   pictures. Defect in ceramics is affected by 
the neutrality condition of charge increased energy state, and be responsible for cleavage planes in the 
grains.32 Also the grains are well-connected with each other, which also confirm the dense nature of the 
material.  

 
Fig.-2: SEM Pictures of La1-xSrxY0.75Co0.25O3 for x equal to (a) 0.10, and (b) 0.40 Samples 

 

Thermal Properties  
The component’s thermal behavior strongly affects the cell performance, as its stability is one of the 
significant parameters to reduce the polarization loss during the working of the cell at higher 
temperatures. Weight Change of the sample for lower doping (0.10) and higher doping (0.40) of as 
prepared La1-xSrxY0.75Co0.25O3 system studied by Thermogravimetric analysis and change in temperature 
expansion coefficient (TEC) with respect to increasing in dopant respectively has been given in Fig.-3 (a) 
& (b), and 3 (c) & (d) respectively. The TGA of the samples has been done between 25 °C to 800 °C with a 
5 °C heating rate per minute. TGA showed that sharp weight loss results in oxygen vacancy formation, 
which consequently affects the conductivity. This type of weight loss occurs due to oxidation state change 
of Co and Y in order to balance the change imbalance, as already reported in the literature.33-35 A minor 
TEC alteration was also detected with the substitution of the dopant. 
 

 
Fig.-3: TGA Curves of La1-xSrxY0.75Co0.25O3 for x Equal to (a) 0.10, and (b) 0.40 Samples and TEC of La1-

xSrxY0.75Co0.25O3 for x Equal to (a) 0.10, and (b) 0.40 
Impedance Spectroscopy 
Dielectric constant ε′ (real part) vs. frequency of La1-xSrxY0.75Co0.25O3 for (x = 0.10, 0.20, 0.30, 0.40) is 
described in figure 4 (a, b, c and d), and dielectric constant ε′′ (imaginary part) vs. frequency of La1-

xSrxY0.75Co0.25O3 for (x = 0.10, 0.20, 0.30, 0.40) is shown in Fig.-5 (a, b, c and d). In some cases, ε′ and ε″ 
sharp falls were observed at lower frequencies, whereas linear behavior occurred at higher frequencies. 
This type of behavior was well explained and earlier reported by the dipolar relaxation phenomenon.36 
Negligible dielectric loss is observed because of the absence of a peak in the imaginary part; 
consequently, polarizations are totally dominated by the hopping mechanism. All types of polarization 
electronic, space charge, ionic, and dipolar contribution occur at low-frequency regions while both ε′ and 
ε″ delay the switching signal of orientation especially dipolar, resulting in lined variation as numerous 
polarizations are sieved out among the overall polarizability, and then shrink polarization in that region.37-

40 Also, it is markedly specified that ε′ as well as ε″ rises with Sr content which may without dipolar 
polarization however arise as a consequence of the contribution of interfacial polarization. 
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Fig.-4: Dielectric Constant ε′ (real part) vs Frequency of La1-xSrxY0.75Co0.25O3 for the Composition (x= 0.10, 0.20, 

0.30, 0.40) Perovskite 

 
Fig.-5: Dielectric Constant ε′ (imaginary part) vs Frequency of La1-xSrxY0.75Co0.25O3 for the Composition (x= 0.10, 

0.20, 0.30, 0.40)  
 

In impedance, real part (Z′) changes with frequency of La1-xSrxY0.75Co0.25O3 for (0.10 ≤x ≤0.40) described 
in figure 6(a, b, c &d) and imaginary part ( Z″ ) changes with frequency of La1-xSrxY0.75Co0.25O3 for (0.10 
≤x ≤0.40) shown in Fig.-7(a, b, c &d). It is obviously found that the magnitude of Z′ at low temperatures 
is greater, and observed that falls with frequency, subsequently showing a characteristic negative 
temperature coefficient of resistance; approving that electrical conductivity upsurges. At high frequency, 
the merging of Z′ and Z″  specify the fall of barrier properties and disappearance of space charge 
polarization respectively.41-43 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig.-6: Z′ (Real Impedance Part) vs Frequency of La1-xSrxY0.75Co0.25O3 for the Composition (x= 0.10, 0.20, 0.30, 
0.40)  
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Fig.-7: Z″ (Imaginary Impedance Part) vs Frequency of La1-xSrxY0.75Co0.25O3 for (x= 0.10, 0.20, 0.30, 0.40) 
Perovskite 

 

Electrical Properties 
Universal power law missioned in the following line used to obtain conductivity:  
 

σac  = (ω ε0) × ε′ (ω) ×Tanδ       (1) 
 
Where ω represents angular frequency, ε0 represents free space permittivity, and Tan δ represents loss in 
the dielectric. Variation of the conductivity vs. temperature has been show in Fig.-8(a) for La1-

xSrxY0.75Co0.25O3 (x= 0.10, 0.20, 0.30, 0.40) perovskite and Arrhenius curves plotted to calculate the 
activation energy of the material shown in Fig.-8(b). The obtained value of conductivity for intermediate 
temperatures of 600 0C and 800 0C has been given in Table number 4. It has been observed that strontium 
doping increased the conductivity and consequently activation energy decreased. This type of perovskite 
material already has been reported in the literature.44-46 Energy of activation in addition to conductivity of 
the La1-xSrxY0.75Co0.25O3 for (0.10 ≤x ≤0.40) perovskite has been given in Table-3.  
 

 
Fig.-8: σ (Conductivity) and Ea (Activation Energy) vs Temperature of La1-xSrxY0.75Co0.25O3 for the Composition 

(x= 0.10, 0.20, 0.30, 0.40)  
 

Table-3: σ (Conductivity) and Ea (Activation Energy) of the La1-xSrxY0.75Co0.25O3 for the Composition (x= 0.10, 
0.20, 0.30, 0.40) 

Samples Conductivity (Scm-1) Ea (eV) 
La1-xSrxY0.75Co0.25O3 600 0C 800 0C 

x = 0.10 210 490 0.19 
x = 0.20 215 515 0.19 
x = 0.30 222 555 0.18 
x = 0.40 230 580 0.17 

 

CONCLUSION 
La1-xSrxY0.75Co0.25O3 for (0.10 ≤x ≤0.40) ceramics type perovskite material has been synthesized. 
Precursor powder which heated at 900°C for twelve hours, and sintered for four hours at 1250 °C. 
Crystalline size 185nm to 245nm has been confirmed by x-ray diffraction of the as-prepared samples. 
Substituent increases the density of the material. Grains are well connected with each other, which also 
confirms the dense nature of the material. The density of the material has been found to increase with 
strontium metal doping. The material showed weight loss at temperatures above 400 °C,0 as confirmed by 
TGA. Temperature expansion coefficient (TEC) was found to be 14.12 × 10 -6 0C-1 for x = 0.10 and 13.26 
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× 10 -6 0C-1 for x = 0.40. At low frequencies, the dielectric constant is high, and shows linear behavior, 
with negligible polarization. Conductivity of the material was found to be greater than 100 S/cm on and 
above 600 oC, and also activation energy be 0.19 eV and 0.17 eV has been found for compositions 0.10 
and 0.40, respectively. Observed parameters confirmed that the material synthesized can be suitable for 
the cathode component of an intermediate-temperature solid oxide fuel cell. 
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