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Abstract

Co-doping effect of Sm3þ and Ca2þ ions in ceria has been studied using the microwave assisted synthesis (MAS) technique. Thermal
response of the prepared compositions was studied using differential thermal and thermo-gravimetric techniques (DTA/TG). Structural studies
were performed using X-ray diffraction (XRD) and fourier transform infrared spectroscopy (FT-IR). The impedance analyses were performed
over a wide range of temperatures (200–500 1C) and frequency (100 Hz to 1 MHz). The conductivity data show that 10% doping of both Sm3þ

and Ca2þ in ceria provides a significant rise in the conductivity value of pure ceria.
& 2014 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction

Solid oxide fuel cells (SOFCs) have attracted a great attention
as promising systems for electrical power generation because of
their high efficiency of chemical energy to electric power
conversion. Ceria based solid electrolytes (Ce(M)O2�δ, M:
rare-earth or alkaline-earth cations) are of considerable interest
for potential use in SOFCs due to their higher ionic conductivity
and lower cost as compared to stabilized zirconia and lanthanum
gallate based phases respectively [1–5]. The main drawback of
ceria-based electrolytes, complicating their commercial applica-
tion is their increased electronic conduction which is caused by
the reduction of Ce4þ to Ce3þ [3,6] under low oxygen partial
pressure (below 10�10 atm) at 800 1C. It has been reported that
the reduction of ceria is negligible at temperatures around 600–
700 1C. However, such low temperatures are not suitable for
single ion doped ceria as an electrolyte in SOFC due to its high

electrical resistance [7]. Herle et all [8] found that ceria doped
with two and more cations shows significantly higher ionic
conductivity than the pure form.
Among ceria based ionic conductors, the highest level of ion

conductivity is the characteristic of Sm3þ and Gd3þ doped
solid solutions – Ce1�xMxO2�δ, where M¼Gd3þ or Sm3þ ,
x¼0.10–0.20 [9–13]. Some ternary systems involving CeO2–

Gd2O3 or CeO2–Sm2O3, the third components being Pr2O3

[14], Y2O3 [15], Tb2O3 [16], MgO [17], CaO [18] have been
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Table 1
Abbreviation and lattice parameters of CeO2 and compositions of system
Ce0.80Sm0.20�xCaxO2�δ.

Composition Abbreviation Lattice parameter

CeO2 C 5.400
Ce0.8Sm0.2O2�δ CS20 5.415
Ce0.8Sm0.15Ca0.05O2�δ CS15C5 5.416
Ce0.8Sm0.10Ca0.10O2�δ CS10C10 5.403
Ce0.8Sm0.05Ca0.15O2�δ CS15C15 5.412
Ce0.8Ca0.20O2�δ CC20 5.398
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studied from the viewpoint of structure and electrical con-
ductivity. These materials when co-stabilized with Sm2O3 or
Gd2O3 and other trivalent cations, depending on their chemical
composition have generally improved ionic conductivities,

although in some cases deterioration of the ionic conductivity
or increased electronic conductivity was observed [19].
In this article, we have reported the synthesis of pure and

co-doped ceria solid solutions via a newly developed route of
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Fig. 1. DTA/TG plots of as prepared (a) C, (b) CS20, (c) CS15C5, (d) CS10C10, (e) CS5C15 and (f) CC20 compositions.
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