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Abstract.Solid oxide fuel cells (SOFCs) are being considered as one of the gifted
material for the conversation of chemical energy into electrical energy. This SOFC will
give high efficiency energy conversion and low environmental pollution impact. In the
current research work, gadolinium doped barium cerate (BCG) based electrolyte powder
was systematically prepared through Co-precipitation Method. The crystalline nature of
powder sample was analysed through X-Ray diffractometer and to find the crystallite
size. HRTEM analysis was performed to know the particle size distribution and were
reported.
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1.INTRODUCTION

Solid oxide fuel cells (SOFCs) are considered as an best energy conversion device that
produces electrical energy by means of electrochemical process by the combination of an
oxidant at one end and a fuel at the other end across an ionic conductor called electrolyte.
There are two types of SOFC available based on the type of electrolyte material chosen, the
very foremost one is an electrolyte from oxygen ion conductor and the second is a proton
conducting electrolyte. In the recent decades, many researchers have made an effort in
focusing the research work in the field of fuel cell (SOFC) containing oxygen ion conducting
electrolyte. In general, the operating temperature of SOFCs are studied at high temperature
between 800°C to 1000°C. State of art like Yttrium stabilized ZrO, (YSZ) has been studied
extensively by many researchers and considered as one of the best solid electrolyte materials.
Whereas this YSZ based electrolytes have shown low ionic conductivity when operated at
temperatures of 1000°C [1].

Higher Operating temperatures of solid oxide fuel cell may lead to various issues in the
fuel cell system, such as interconnectors and chemical instability of the components. This
higher temperature operation of any fuel cell system is essential be reduced under 800°C and
the ionic conductivity of an electrolyte used in the system must be increased for
commercialisation of fuel cell energy conversion worldwide. Hence, it is essential to develop
a suitable SOFCs electrolyte material which operate at transitional temperatures below
800°C. Practically this lower operating temperature of any electrolyte material is possible and
achieved by using a suitable electrolyte powder with dual phase morphology for higher ionic
conductivity [2].

ICCAP 2021, December 07-08, Chennai, India

Copyright © 2021 EAI

DOI 10.4108/eai.7-12-2021.2314628



1.1 Solid Electrolyte

The solid electrolyte materials placed in between cathode and anode is measured as a main
component for the conduction of oxide ion and to complete the overall electrochemical
reaction. In this type of solid electrolyte, oxygen ion conduction takes place from which the
oxide ions (O%) migrate from the air electrode(cathode) side to the fuel electrode(anode). In
this type of electrolyte materials, the charge flow occurs due to the migration of oxide ions
through the existing crystal lattice.[1] Moreover, in these crystal lattice the development of
dual phase crystal structure such as fluorite and perovskite structure is observed for high ionic
conductivity. Practically, every fuel cell system are being developed from yttrium stabilized
zirconia (YSZ), because of having an high oxide ionic conductivity at low temperature
operation and also shown the required chemically solidity at higher operating temperature [3].

1.2 Intermediate temperature

Significant research work has been made to address the reduction of operating temperature of
SOFC using different electrolyte materials to achieve the required higher ionic conductivity
[4]. Doped Ceria based electrolyte materials with its Fluorite and perovskite structure has been
considered as an electrolyte for SOFC. Like Yettria stabilised Zirconia, doped ceria based
electrolyte material was studied extensively to increase ionic conductivity at lowest operating
temperature below 800°C. Rare earth oxide doped ceria with lower valency cations like
gadolinium, samarium can remarkably increase the ionic conductivity of an electrolyte
operated below 800°C [5].

2 EXPERIMENTAL METHOD:

The BCG electrolyte powder of gadolinium doped barium cerate has been prepared
efficaciously using a simple chemical method called coprecipitation process. Cerium nitrate
hexahydrate and Barium nitrate powders were taken in beakers and gets dissolved in 50 ml of
dis. water separately. Gadolinium oxide powder was taken in another beaker and get dissolved
simultaneously in concentrated HNO; by roasting in hot plat kept in a beaker separately and
continuously stirred thoroughly until gets dissolved entirely. The fully dissolved solution was
then slowly mixed together for 10 minutes to get clear solution. Ammonium hydroxide
solution was slowly added into the clear solution to form the flakes like precipitate.

The pH value in the solution was maintained up to 11 and stirred well in a magnetic stirrer at
an rpm rate of 500 for 30 minutes. 10% of Poly Ethylene Glycol (PEG) solution was further
added into the mixer. PEG solutions act as an excipient (fillers) to reduce the agglomeration in
the prepared solution and allowed for drying. The gained precipitated solution was then
filtered using filter paper and further kept inside oven for about 9 hours drying at 95°C [3].
The flakes like precipitate were formed, grained and calcinated at three different temperature
called 700°C 800°C and 900°C for 5 hours to obtain the dry powder.

Thermal analysis was done for the dried powder using TA Instruments to know its phase
formation temperature and confirmed. Diffraction studies was performed to determine their
crystallinity, purity of phase formed in the as-prepared powder. HRTEM analysis was



performed for the as prepared gadolinium doped ceria based powder to ascertain their particle
size distribution [4,5].

3. RESULT AND DISCUSSION:

3.1 Thermal Analysis:

Thermal analysis was performed using Differential scanning calorimetry (DSC) for phase
investigation of Gadolinium doped ceria based (BCG) powders calcined at 700°C, 800°C and
900°C respectively for 5 hrs. TA Instruments Differential scanning calorimeter was used to do
this thermal analysis. The scanning of the powder was carryout from 30°C to 500°C
temperature range at a constant heating rate of 5°C per minute [6]. Differential scanning
calorimetry results were shown in figure.1. From curve (a) it was understood that, the barium
loss was much higher when calcined at 700°C. From curve (b) it was understood that, the
barium loss was comparatively lower when calcined at 800°C [7].
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Fig.1 DSC patterns for BCG powder calcined at 700°C, 800°C and 900°C for 5 hrs.

From curve (c) it is understood that the barium loss is further reduced when calcined at 900°C.
From this DSC analysis results, calcinations temperature for gadolinium doped ceria based
powder was identified as 900°C with the minimum loss in the barium content and can
effectively retain the required phase for better ionic conductivity [8].

3.2 X-Ray Powder Diffraction (XRD) Analysis:

The structural characteristic analysis, the phase purity and lattice parameters were calculated
by using Shimadzu powder X-Ray powder diffraction analyser. The results of the XRD
analysis were shown in figure.2. It was identified that the powder sample calcined at 900°C
shows the required single cubic phase and orthorhombic perovskite-type structure (PDF#-82-
2425 for Pmcn space group) and no impurity phase was detected in plane (200) of as prepared
powder sample.
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Fig.2 XRD crystalline pattern for powder heated at 700°C, 800°C and 900°C for 5 hrs.

From this XRD results, it was understood that the powder calcined at 900°C, shows the
required phase. The reflexes at (00 2), (400),(113),(402),(040),004),(611),420)
and (4 2 2) shows the barium cerate cubic structure [3,9]. Similarly, it can be seen that (1 1 1),
200),(220),311),400),404),(331) and (4 2 4) cerium oxide, perovskite-type
structure [14]. The diffraction peaks position of the BCG powder is determined from the
distance between parallel planes of atoms. Hence, the powder calcined at 900°C was found as
a good choice of electrolyte powder for sofc application [10, 11].

3.3 HRTEM Analysis:

High resolution transmission electron microscope - HRTEM image of BCG powder calcined
at 900°C was shown in figure 3. The JEOL JEM 2100 HRTEM Analyzer was systematically
used to record the image of the powder sample. The internal morphology of BCG powder in
the form of nanoparticles was clearly observed and found to be nearly spherical with slight
agglomeration formed [12,13]. The particle size distribution for the as prepared BCG powder
was found to be around 50 nm. The size of BCG nanoparticles decreased with increase in
calcination temperature of then powder to 900°C for 5 hours [15]. Meanwhile, the size of
BCG nanoparticles decreased when compared to the samples prepared at 700°C and 800°C.
Hence the BCG powder calcined at 900°C can show the development of nanoparticle as
required for better ionic transport during the migration of oxide ions.



Fig.3HRTEM Image for BCG powder calcined at 900°C for 5 hrs.

The HRTEM image of as-prepared BCG nanoparticles were shown in Figure 3. The typical
crystallite magnitude developed in calcined BCG nanocrystals was found to be around 50 nm.
BCG nanoparticles are observed as spherical size in the range of 20- 50 nm and aggregate to
arrangement of clusters in the powder sample [16]. Hence, the powder calcined at 900°C was
found as a good electrolyte [17].
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Fig.4 EDS spectrum of BCG powder calcined at 900°C for 5 hrs.

The energy dispersive spectrum (EDS) analysis for the BCG powder calcined at 900°C shows
the weight and atomic percentage of all the precursor elements existing in the compound
[18,19]. Fig.4 shows the energy dispersive spectrum of as prepared BCG powder samples.
From the EDS, it was experimentally confirmed that the existence of all the precursor element
like gadolinium, cerium, barium and oxygen found in the initial compounds taken with no
other impure elements [20]. Hence the BCG powder prepared through chemical co
precipitation method can be used as a good electrolyte powder materials for solid oxide fuel
cell applications.

4. Conclusion

Gadolinium doped ceria-based BCG electrolyte powder was successfully prepared from co
precipitation technique. From DSC thermal analysis, it was understood that the temperature
for calcination of the as prepared BCG powder was 900°C. The structural analysis confirms
the existence of the required fluorite - perovskite structure. The crystallite size for BCG
powder was calculated as 38 nm. The crystal structure was identified as cubic fluorite and
orthorhombic perovskite phase within BCG structures. From morphological analysis, it was
confirmed that the particle size distribution was found to be around 20-50nm. Hence, the BCG



nanoparticle with fluorite and perovskite phase will acts as a unsurpassed choice of electrolyte
powder for the energy conversion in solid oxide fuel cells (SOFCs).
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