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Abstract: Solid oxide fuel cells (SOFCs) are renowned for being effective energy sources that
have potential to influence how energy is developed in future. SOFCs operate at low
temperatures provides different benefits for widespread commercialization. In the present
study a perovskite material ProgSro4Fe0sC00203-5 (PSFC0) was investigated as cathode for
SOFC in intermediate temperature range. Glycine nitrate process was used for the preparation
of the samples. PSFCo exhibited cubic structure having small particle size (100—200 nm). The
electrical conductivity of the PSFCo was measured as function of temperature up to 850 °C.
The sample displayed maximum electrical conductivity of 370 Scm™ at around 550-600 °C.
The polarization behavior of PSFCo was calculated by means of AC impedance with
SmosCeo.20; (SDC) as electrolyte. The value of area specific resistance (ASR) was calculated
as 0.146 Qcm? at 800 °C and 0.248 Qcm? at 700 °C.
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1. Introduction

The urgent need to minimize carbon emissions on a global scale and the quick
depletion of fossil fuel supplies are driving up predicted demand for renewable energy
sources. Fuel cells are energy-conversion systems that electrochemically combine fuel
and oxidant to generate electricity and heat without the Carnot constraint [1-3].
Comparatively, SOFCs provide a variety of fuel sources, minimal noise, low CO>
emissions, a long lifespan (40,000—-80,000 h), and excellent conversion rate [4,5].

Typical SOFCs run at temperatures of about 1000 °C. However, the high
temperature causes a lot of issues, for example, the materials get damaged because of
chemical and physical instability. Thus, there is a rather narrow options for the
components that can be utilized in the construction and subsequent operation of
SOFCs. If the working temperature were decreased, the affordable ferritic stainless
steel can be utilized as connector, and the components’ chemical, thermal, and physical
durability would all be improved too [6]. For the effective launch of SOFC technology
to the market, reduced temperature operation at 600—-800 °C is an essential factor.
These reduced temperature SOFC offer shorter start-up times, are more readily
realistically designed, and are economically preferable. One of the vital challenge for
low temperature operation is to nullify the stability problems while keeping a positive
efficiency. Nevertheless, the electrolytes’ ion conductivity will drop and the cathode
resistance will rise at such a low operating temperature. Hence, ceria-based electrolyte,
like gadolinia-doped ceria (GDC) or samarium-doped ceria (SDC), is normally used
due to its improved ionic conductivity in decreased temperature range than yttria
stabilized zirconia (YSZ) which is commonly utilized as electrolyte for high
temperature SOFCs. But a significant problem with the lower operating temperature
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is that the cathode’s catalytic activity for oxygen reduction will decreased [7]. Thereby,
it is crucial to find substitute materials, like perovskite cathodes, in order to guarantee
the extremely stable and dependable operation of the resulting SOFCs, as well as
practically acceptable performance. During past years adequate research investigation
performed to ascertain appropriate material as cathode for application in SOFC that
can work at intermediate temperature (500—-800 °C). Though, the electrode activity
significantly declines as the operating temperature is lowered. The creation of high-
performance cathode materials is essential for further enhancing fuel cell performance.
Cathode is a significant part of the fuel cell which effectively determines the overall
fuel cells performance. Among high performing cathodes, ABOs types are one of the
best. The perovskite configuration (ABOs) can be altered by exchanging A or B
position positive ion by other elements. Praseodymium is one of the materials being
utilized on A-site. The structural and electronic configuration of praseodymium
resembles with other lanthanide elements like cerium and lanthanum [8]. Substituting
lanthanum with smaller lanthanide has been reported to show better performance as
cathode material [9,10]. Previous reports have shown that the exchange of La by Pr
improves the conductivity and catalytic activity [11-13]. Strontium doped
praseodymium cobaltite or manganites have been stated to show excellent electrical,
ionic conductivity and overpotential values [14-20]. Doping cobalt by substituting
iron on B-site of the ABOs3 type have been shown to exhibit effective performance as
cathode material [21-24].

In this study, a new type of perovskite oxide was developed for the cathode of
IT-SOFCs by doping Sr at the A site and Co at the B site of the PrFeO;.;-based
perovskite material. Even after doping of the elements on A and B-site in compound,
it did not change its cubic structure and it remain stable even at high temperature
without any impurity. The cathode materials are designed to improve the cathode
performance at intermediate temperatures. PSFCo has shown promising electrical
properties and low value of area specific resistance at IT-SOFCs.

2. Experimental

Pro6Sro4FeosCo02,03; powder was synthesized by glycine nitrate method reported
elsewhere [25]. Analytical grade Pr(NO3);.6H,O (Alfa Aesar, 99.9%), Sr(NOs),
(Aldrich, 99%), Fe(NO3)3.9H,O (Samchun chemicals, 98.5%) and Co(NOs3),.6H,O
(Alfa Aesar, 98%) were used. Glycine was used as oxidizer and fuel. The
stoichiometric amounts of all the metal nitrates were mixed with DW (250 mL) in
beaker. After dissolution, double mole of glycine (compare to metal nitrate) was added
in the same solution. Solution was kept stirring and the hot plate temperature were
increased to 200 °C. Gradually, the viscosity of the solution increases with times which
lead to combustion reaction leaving dark grey ash in beaker. The sample was collected
and heated at different temperature under air to burn off carbon. The sample powder
was hard-pressed into pallet and calcined at 1200 °C for 5 h.

To determine the crystallinity of synthesized material, X-ray diffraction (XRD,
Rigaku) study was performed by Rigaku D/Max diffractometer with Cu Ka radiation.
Chemical composition of PSFCo was observed by Energy Dispersive X-ray (EDX,
JEOL JSM6700) spectroscopy. The study of microstructures of synthesized samples
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was executed by Scanning Electron Microscopy (SEM, JEOL JSM6700) and
Transmission Electron Microscopy (TEM, Hitachi H-7650). Electrical conductivity of
the PSFeCo material was calculated using the standard 4 probe DC method. The
CeosSmo.0, (SDC) electrolyte sample was also synthesized by the same glycine
nitrate method. This electrolyte powder was pressed into round pallets (15 mm in
diameter) and calcined at 1450 °C for 5 h in furnace. The electrochemical properties
and AC impedance were measured by impedance analyzer (VersaSTAT 4).

3. Result and discussion

The X-ray pattern of the PSFCo samples is shown in Figure 1a calcined at
various temperatures. XRD results showed a single-phased powder with perovskite-
type cubic structure (Pm-3m space group) similar to that of Pr,SrFeQs, is formed
[26]. As the temperature increases, the spectral peaks became sharper showing higher
crystallinity without detectable impurity phases. EDX result of prepared PSFCo
material was shown in Figure 1b. From the attained EDX outcomes, it is obvious that
the produced Pro¢Sro4FeosCo0205-s material contains only Pr, Sr, Fe, Co and O
elements with no contamination. Figure 1¢,d depicts the SEM image PSFCo cathode
synthesized at 1000 °C and cross-section view of PSFCo/SDC interface. The
microstructure looks to be consistent with well necked granules and high porosity
(Figure 1c). The electrode microstructure showed uniform and uneven attachment
with electrolyte. The coating of PSFCo cathode on Imm thick SDC electrolyte seems
to be intact. The electrolyte layers exhibit compressed micro-structure devoid of cracks
and pinholes. The thickness of electrode on electrolyte is about 35 um (Figure 1d).
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Figure 1. (a) the XRD spectra of the PrqeSro.4FeosC0020;-5 samples at 500, 600, 700,
800 and 1000 °C; (b) EDX spectrum; (c) SEM images of ProsSro.sFeosC0020;-5
powder synthesized at 1000 °C; and (d) cross-section view of SDC-PSFCo interface.
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200 nm

Figure 2. (a) TEM; (b) HR-TEM; and (c) SAED pattern of ProsSro4FeosC00205-5
particle.

Figure 2a,b demonstrates the TEM and HRTEM of the primed material whereas
Figure 2c characterize the selected area electron diffraction pattern (SAED). The
TEM result showed the agglomerated particles showing size in between 100 to 200
nm. HR-TEM reveals the high crystallinity of the material, the atomic planes are
parallel and have regular arrangement of atoms. Additionally, the SAED pattern
reveals high standard of crystallinity. Lattice planes have no disorders or defects
revealing high crystallinity of material.
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Figure 3. Arrhenius plot of DC conductivity (IneT) vs. 1/T. Inset shows the electrical
conductivity for ProeSro.4FeosC0020;-5. pallet measured from room temperature to
850 °C.

Electrical conductivity of the cathode pellet was measured as function of inverse
temperature in Figure 3. The simultaneous presence of oxygen vacancies and electron
holes in perovskite-type materials results in both ionic and electronic conductivities;
nevertheless, the ionic conductivity of the material is far less than the electronic
conductivity. Synthesized sample showed the semiconducting behavior, as the
electrical conductivity increase with increase in temperature through a maximum, then
declined at elevated temperature representing that a dissimilar mechanism of
conduction takes place at diverse temperature. The sample displayed maximum
conductivity of 370 Sem ™" at around 550600 and it remain more than 200 Scm ™' even
at 850 °C (Figure 3). After linear fitting from graph, the estimate of activation energy
was calculated as 8.6 KJmol *. The high value of conductivity is owing to the increase
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in concentration of B* cations (Fe**or Co*™). The conductivity decrease at high
temperature can be ascribe to appearance of oxygen vacancies along with reduction of
B* to B (Fe™ or Co™) which leads to decrease in charge carrier concentration.
Furthermore, a reduction in iron ions impacts the electron transport between Fe—O—Fe
bonds, resulting in a decline in electronic conductivity. This decline has the greatest
influence on the total electrical conductivity [27].
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Figure 4. (a) impedance spectra for ProSro4Fe0sC00.20;-5 cathode in air at various
temperature; (b) area specific resistance (ASR) of the PSFC measured at different

temperature.

The typical impedance for symmetrical cells PSFCo/SDC/PSFCo at various
temperatures (600, 650, 700 and 800 °C) are revealed in Figure 4. Herein, it is noticed
that electrode polarization resistance (Pr) of PSFCo cathode on SDC electrolyte
increased with temperature (Figure 4a). This phenomena possibly attributed to
increase in number of oxygen ion vacancy on the cathode surface which helps in
oxygen molecule O dissociation to oxygen atom Ogg) [28]. The value of ASR
(Qcm?) as a parameter of temperature for PSFCo cathode in air is shown in inset in
Figure 4b. The ASR decreases as temperature increases from 1.21 Qcm? at 600 °C,
0.56 Qcm? at 650 °C, 0.248 Qcm? at 700 °C to 0.146 Qcm? at 800 °C. ASR signifies
the overall cathodic features assigned to oxygen reduction, oxygen surface/bulk
diffusion and gas-phase oxygen diffusion [29]. This indicates that PSFCo cathode has
elevated electrocatalytic performance for oxygen reduction reactions at reduced
temperatures. Thus, we can say that PSFCo cathode can be a promising and good
material for application in IT-SOFC.

4. Conclusion

Pro.6Sr04Fe08C00203-5 cathode was successfully prepared by glycine nitrate
method and characterized by physico-chemical properties. It’s electrical and
electrochemical properties was also investigated for potential usage as cathode
material for IT-SOFC. The sample features cubic structure with 100-200 nm sized
particle. XRD results showed a single-phased powder with perovskite-type cubic
structure. The sample displayed the semiconductor to metal conduction transition with
maximum conductivity of 370 Sem™" at around 550-600 °C. Therefore, they may be
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use as a potential cathode in IT-SOFC. The ASR value of symmetrical PSFC cathode
in air were 1.21 Qcm?, 0.56 Qcm?, 0.248 Qcm? and 0.146 Qcm? at 600 °C, 650 °C,
700 °C and 800 °C respectively. The PSFCo cathode has demonstrated promising
catalytic activity for oxygen reduction. Hence, we can conclude that PSFCo can be a
cheap, efficient, stable, and promising material to use as cathode at intermediate
temperature in SOFC. Further investigation is required to evaluate the long-term
stability and chemical compatibility on this material.
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