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Abstract

Ce;_,Sm,O,_;,, nanopowders were successfully synthesized by microwave-induced combustion process. For the preparation, cerium(III) nitrate
hexahydrate, samarium(III) nitrate hexahydrate, and urea were used for the microwave-induced combustion process. The process took only a few
minutes to obtain Ce;_,Sm,O,_,, powders. Ce;_,Sm,0O,_;,, ceramics prepared by microwave-induced process sintered at 1400 °C for 3 h, the
bulk density of Ce;_,Sm,O,_y,, ceramics were over 95% of the theoretical density. The results revealed that CeggsSmg 160192 possessed the
maximum electrical conductivity was 0.0287 S cm™~! at 850 °C and the minimum activity energy, E, was 0.9565 eV determined from 500 to 850 °C.

© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Nanopowders have many excellent properties suited for var-
ious applications such as ceramics, gas sensor, rechargeable
ceramic batteries, ceramic fuel cells, and so on. In addition, they
can significantly enhance sintering rates, decrease sintering tem-
perature, and improve optical, electric, and magnetic properties
compared to the micrometer size powders [1,2]. Solid oxide
fuel cells are attracting widespread attention due to their high-
energy conversion efficiency and low pollution. The high oxide
ionic conducting solid electrolyte based on zirconia has been
intensively investigated in the pass [3,4]. In order to reduce the
operation temperature from 1000 to 800 °C or even lower, doped
ceria has been considered as the solid electrolyte for moderate
temperature solid oxide fuel cells [5].

In current research, we have attempted a new method, the
microwave-induced combustion synthesis process to produce
Ce1—xSm,Os_1/x nanopowder. The microwave-induced com-
bustion synthesis process involves the dissolution metal nitrate
and urea in water, and then heating of the solution in a microwave
oven. After the solution reaches the point of spontaneous com-
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bustion, it begins burning and becomes a solid, which burns
at high temperature. Combustion is not complete until all the
flammable substances are consumed, and the resulting mate-
rial is a loose, highly friable substance exhibiting voids and
pores formed by the escaping gases during the combustion reac-
tion [6]. The whole process takes only a few minutes to yield
Ce—xSm,Os_1/2, nanopowders.

2. Experimental procedures
2.1. Sample synthesis

The synthesis process involved the combustion of redox mix-
tures, in which metal nitrate acted as an oxidizing reactant and
urea as a reducing one. This was based on the total oxidizing and
reducing valences of the oxidizer and the fuel using the concepts
of the propellant chemistry [7].

Stoichiometric amounts of cerium(Ill) nitrate hexahy-
drate (Ce(NO3)3-6H>0), samarium(Ill) nitrate hexahydrate
(Sm(NO3)3-6H,0), and urea (CO(NH»),) dissolved in a mini-
mum quantity of water, were placed in a crucible. The crucible
containing the solution was introduced into a microwave oven
(CEM, MDS 81D, 650 W). Initially, the solution boils and under-
goes dehydration followed by decomposition with the evolution
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of large amount of gases. After the solution reaches the point
of spontaneous combustion, it begins burning and releases lots
of heat, vaporizes all the solution instantly and becomes a solid
burning at high temperature. The powder samples prepared by
microwave-induced combustion process were palletized and sin-
tered at 1400 °C for 3 h. The sintered samples were over 95% of
the theoretical density in all specimens.

2.2. Characterization measurements

A computer-interface X-ray powder diffractometer (XRD)
with Cu Ka radiation was used to identify the crystalline phase.
The morphological features of the particle were observed using
a scanning electron microscope (SEM). For sintered specimens,
the electrical conductivity was measured by two-point dc method
on a sintered Ce|_,Sm,O,_1, pellet. The two electrodes were
formed by applying platinum paste to the two ends of the pellet
and firing at 800 °C for 1h. The electrical conductivity mea-
surements were made at various temperatures in the range of
500850 °C in air. Arrhenius plots (plots of log & versus 10°/7)
were constructed and activation energies for conduction were
computed. The densities of sintered ceramics were measured by
the Archimendean method.

3. Results and discussion

The X-ray diffraction patterns of the Ce;_,Sm,O2_1/2, pow-
ders prepared by microwave-induced combustion process were
identified by the diffractometer. The particle size, Dxgrp was cal-
culated according to Scherer equation [8]: Dxrp =0.9A/B cos 6,
where A is the wavelength of the radiation, 0 the diffrac-
tion angle, and B is the corrected half-width of the diffrac-
tion peak, give by B?> = Brzn — Bg, where By, is the measured
half-width of the diffraction peak and Bg is the half-width
of a standard CeO; with a crystal size greater than 100 nm.
The particle size determined from the broadening curve is
about 14-20nm in Ce;_,Sm,O,_1/2, samples. Fig. 1 displays
the XRD pattern of Ce;_,Sm,Oy_1/, ceramics prepared by
microwave-induced combustion process in the Sm substitu-
tion in range of x=0.04-0.20. The sintered Ce;_,Sm,O2_1/2,
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Fig. 1. XRD patterns of Ce;_,Sm,O,_1/, ceramics sintered at 1400 °C for 3 h.

ceramics contain only the cubic fluorite structure for all spec-
imens. Fig. 2 represents scanning electron micrograph of
Ce.845my.1601.92 powders and sintered specimens. As shown
in Fig. 2(a), Ceg 84Smy 1601.92 powders prepared by microwave-
induced combustion had a uniform particle sizes distribution and
well crystalline shape. Similar images are also found in the other
Sm substitution for Cej_,Sm,Os_1/2, powders. The particle size
obtained by SEM does not depend on the amount of samarium
dopant. The van der Waals force can be responsible for the for-
mation of agglomerates of Ceg g4Smg 1601.92 powders. Fig. 2(b)
reveals that sintered Ceg g4Smq 160192 specimen presents uni-
form grain size ~ 0.4 wm, high dense microstructure with little
closed pores.

The introduction of Sm»O3 into CeO, can cause a small shift
in the ceria peaks. This shift is indicative of change in lattice
parameter. Fig. 3 shows the lattice constant of Ce;_,Sm,O2_1/2,
ceramics as a function of dopant concentration, x. Calculation
of the cell parameters was carried out using the four main
reflections typical of a fluorite structure material with a fcc
cell, corresponding to the (111), (200), (220), and (311)
planes. The lattice constant increased with increasing samar-
jum amount. It indicates different radii of Ce** (0.90 A) and

Fig. 2. Scanning electron micrograph of CepgaSmy 1601.92 (a) powder prepared by microwave-induced combustion process and (b) ceramic sintered at 1400 °C for

3h.



40 Y.-P. Fu et al. / Journal of Power Sources 159 (2006) 38—41

Table 1

Relative density, electrical conductivity, and activation energy of Ce;_,Sm,O,_1/2, ceramics

Composition Relativity density (%) Conductivity (Scm™!) Activation energy (eV)
650°C 750°C 850°C
Ce0.96Smg.0401 .08 95.22 6.57 x 1074 271 %1073 9.72x 1073 1.2212
Cep.90Sm 0301.96 96.71 1.83 x 1073 8.13x 1073 2.38 x 1072 1.1699
Ceo.88Smg 120194 95.58 3.28x 1073 1.06 x 1073 2.67x 1072 1.0226
Ceo84Smg 1601.92 95.84 2.87x 1073 1.06 x 1072 2.87 x 1072 0.9565
Ceo.80Sm02001.90 96.87 3.42x 1073 1.10 x 1072 2.61 x 1072 0.9672
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Fig. 3. Lattice constant of Cej_,Sm,O,_ /2, ceramics as a function of samarium
substitution.

Sm** (1.11 A) in an oxide solid solution with a fluorite-type
structure. When doped Sm3* ions with larger sized in CeO, lat-
tice, cause the fluorite-type structure swell. This effect causes
the lattice plane spacing to change and the diffraction peaks to
shift to new 20 position. As the Sm content increases, the lat-
tice constant increases linearly as a(x) =5.41608 + 0.1715x for
Ce;_»Sm,O;_ 12, ceramics (x=0.04-0.20).

Pure CeO; ceramics is a poor oxide ion conductor. How-
ever, the ion conductivity can significant improve by increasing
the oxygen vacancies by the substitution of samarium, which
is lower than 4+ in valence and upon substituting for Ce** are
charge compensated by oxygen vacancies, for example,

Sm203ci>022Sm’ce +30%0+V---0

The electrical conductivity of Cej_,Sm,O,_1/2, ceramics as a
function of temperature is plotted in Fig. 4. It indicates that
the maximum electrical conductivity of the sintered specimens
was 0.0287 S cm™! at 850 °C for Ceg g4Smog 1601 92 specimen.
The ionic conductivity of Cej_Sm,;Oz_1/2, ceramics initially
increases with increasing samarium substitution and reaches a
minimum at x=0.16. Further increasing the samarium amount
for x>0.16 leads to a rise in ionic conductivity.

A summary of relativity density, electrical conductivity, and
activation energy of Cej_,Sm,Os_1y ceramics sintered at
1400°C for 3h is listed in Table 1. It depicts that sintered
Ce1—xSm,Os_1/, samples were over 95% of the theoretical
density in all specimens. The Ce;_,Sm,O;_1/, powders syn-

Fig.4. Arrhenius plots for electrical conductivity of Ce|_ySm,O,_ 1/, ceramics.

thesized by microwave-induced combustion process can signif-
icantly decrease the sintering temperature of Cej_,Sm,O2_1/2
ceramics, compared to that above 1550 °C required for ceria
solid electrolytes prepared by solid state reaction.

4. Conclusions

Recently, Ce;_Sm,;O2_1/2r powders have been studied
widely due to it is a very important material of solid oxide
fuel cells. In this study, using cerium(III) nitrate hexahydrate,
samarium(III) nitrate hexahydrate, and urea as the starting mate-
rials, nano-size Ce;_,Sm,O;_1/, powders have been synthe-
sized successfully by microwave-induced combustion process.
The synthesized Cej_,Sm,O;_1/2 powders reveal nanodimen-
sion and high specific surface. Ce;_,Sm,0O,_12, ceramics pre-
pared by microwave-induced combustion process sintering at
1400 °C for 3 h, the highest conductivity was 0.0287 Scm~! at
850 °C and the minimum activation energy, E, was 0.9565 eV for
Ce(.84Smg 160192 specimen. These Ce;_,Sm,Os_1/, ceram-
ics with high conductivity are suitable for solid oxide fuel cells
applications.

Acknowledgement

The authors would like to thank the National Science Council
of the Republic of China for financially supporting this research
under Contract No. NSC 93-2212-E-259-001.



Y.-P. Fu et al. / Journal of Power Sources 159 (2006) 38—41 41

References

[1] H. Hahn, J. Mater. Res. 5 (1990) 609.

[2] Y.C. Zhou, M.N. Rahaman, J. Mater. Res. 8 (1993) 1680.
[3] E. Subbarao, H.S. Maiti, Solid State Ionic 11 (1984) 317.

[4] B.C.H. Steele, J. Power Sources 49 (1994) 1.

[51 N.Q. Minh, J. Am. Ceram. Soc. 76 (3) (1993) 563.

[6] O.A. Lopez, J. McKittrick, L.E. Shea, J. Lumin. 71 (1997) 1.

[7]1 SR. Jain, K.C. Adiga, V.R.P. Verneker, Comb. Flam. 40 (1981)
71.

[8] H.P.Klug, L.E. Alexander, X-Ray Diffraction Procedures, Wiley, New York,
1974.



	Microwave-induced combustion synthesis and electrical properties of Ce1-xSmxO2-1/2x ceramics
	Introduction
	Experimental procedures
	Sample synthesis
	Characterization measurements

	Results and discussion
	Conclusions
	Acknowledgement
	References


