
A
c

A
a

b

a

A
R
R
A
A

K
C
I
C
D

1

r
e
e
i
o

a
t
t
e
o
p
o
w
l

b
[
d
v
p
c

0
d

Journal of Alloys and Compounds 509 (2011) 1505–1510

Contents lists available at ScienceDirect

Journal of Alloys and Compounds

journa l homepage: www.e lsev ier .com/ locate / ja l l com

systematic study on the synthesis of Ca, Gd codoped cerium oxide by
ombustion method

. Ainirada, M.M. Kashani Motlagha,∗, A. Maghsoudipoorb

Department of Chemistry, University of Science and Technology of Iran, Tehran, Iran
Department of Ceramics, Materials and Energy Research Center, Karaj, Iran

r t i c l e i n f o

rticle history:
eceived 24 June 2010
eceived in revised form 17 October 2010

a b s t r a c t

Co-doped of CeO2 nanopowders are ideal electrolyte materials for intermediate temperature solid
oxide fuel cells. In this work, Ce1−(x+y)GdxCayO2−(0.5x+y) nanopowders are successfully synthesized by a
glycine–nitrate combustion process. Then calcination was carried out at 450, 700, 850, 950 and we found
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that calcined powders were single phase by room temperature X-ray diffraction (XRD) and have an
average crystallite size of 45 nm (based on Scherrer formula). Scanning electron microscopy (SEM) was
employed to characterize the morphology of powder. Finally we studied the effect of fuel to nitrate ratio
on the properties of resulting powders.

© 2010 Elsevier B.V. All rights reserved.
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. Introduction

Solid oxide fuel cell (SOFC) has attracted much attention in
ecent years because of its high-energy conversion efficiency and
nvironmental friendship. In fact, solid oxide fuel cells (SOFCs) are
lectrochemical devices that convert the chemical energy of a fuel
nto electrical energy in a clean, cheap and efficient way and Consist
f three parts, including anode, cathode and electrolyte [1].

Conventional SOFCs which use yttria-stabilized zirconia (YSZ) as
n electrolyte are operated at around 1273 K. However, such high
emperatures often lead to some problems such as solid-state reac-
ions between the components, thermal degradation and thermal
xpansion mismatch. Thus, reducing the operating temperature
f the SOFCs becomes increasingly important. One of the most
romising methods for realizing intermediate temperature solid
xide fuel cells (ITSOFCs) operating below 1073 K is to replace YSZ
ith other electrolytes with higher oxygen ionic conductivity at

ow temperature [1].
Doped ceria is a potential electrolyte material for ITSOFCs

ecause it shows much higher oxygen ionic conductivity than YSZ
2,3]. Ceria itself is not a good ionic conductor, but ionic con-

uctivity increases significantly with the introduction of oxygen
acancies caused by the doping of ceria with two or more com-
onents at the same time and the research results showed that
omplex doping with several rare earth or/and alkali earth ele-
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ments was an effective method to improve the ionic conductivity
of the electrolyte [4–7].

Hurley and Hohnke [8] studied the electrical properties of solid
state synthesized Ce1−xCaxO2−ı samples that were sintered at
1650 ◦C for 4 h. Yahiro et al. [9] reported the correlation of elec-
trical properties and microstructures of solid state synthesized
ceria alkaline earth oxide systems. Huang et al. [10] reported the
hydrothermal synthesis and properties of Ce1−xCaxO2−ı solid solu-
tions, where a sintering temperature of 1400 ◦C was reported for
achieving 95% sintered density. Recently, Peng et al. [11] reported
the synthesis of nanocrystalline Ce1−xCaxO2−ı solid solutions by
nitrate citrate combustion synthesis. Rodriguez et al. [12] inves-
tigated the structural and electronic properties of Ce1−xCaxO2−ı

systems. Yamashita et al. [13] and Sato et al. [14] explored the
UV shielding characteristics of calcia-doped ceria systems and
observed an increased UV shielding property of calcia-doped ceria
systems. The results indicated that co-doping method was proved
to be effective to improve the electrical property of the ceria-based
electrolytes.

In the past few years, combustion synthesis of multi component
ceramic oxides has been gaining reputation as a straightforward
preparation process to produce homogeneous, very fine, crystalline
and unagglomerated powders [15,16]. The basis of the combus-
tion synthesis technique comes from the thermo chemical concepts

used in the field of propellants and explosives [17].

In the present work, we used the glycine–nitrate solu-
tion combustion synthesis technique to obtain nanocrystalline
Ce1−(x+y)GdxCayO2−(0.5x+y) powder. Synthesized powder was then
calcined to remove any traces of organic compounds. The calcined

dx.doi.org/10.1016/j.jallcom.2010.10.137
http://www.sciencedirect.com/science/journal/09258388
http://www.elsevier.com/locate/jallcom
mailto:m.kashani@iust.ac.ir
dx.doi.org/10.1016/j.jallcom.2010.10.137

	A systematic study on the synthesis of Ca, Gd codoped cerium oxide by combustion method
	Introduction
	Experimental
	Results
	X-ray diffraction (XRD) studies
	Phase structure
	Dopant concentration
	The fuel to oxidant ratio
	Calcination temperature

	FT-IR studies
	Morphological studies

	Conclusion
	References


