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Abstract

Nano-sized gadolinia-doped ceria (GDC) can be used as an IT-SOFC electrolyte, oxygen gas sensor or abrasives. In this study, nano-sized GDC
powders with bimodal particle distribution of about 10 nm and 200 nm particle size were successfully synthesized by aerosol flame deposition
(AFD). The resulting effects of sintering temperature on microstructure and electrical properties were investigated in the sintering temperature
range 1100-1400 °C. The pellet had a completely dense microstructure after sintering at 1400 °C for 10 h. Raman measurement showed an
increase of oxygen vacancy due to shift between reduced and oxidized states (Ce** « Ce**) with increasing sintering temperature. The formation
of oxygen vacancies noticeably increased the ionic conductivity above 1300 °C.
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1. Introduction

Ceria-based materials have been a candidate material for
variety of potential applications due to their excellent
electrochemical properties and material stability. Several
rare-earth-doped cerium oxides exhibit high oxygen ionic
conductivity, which makes them interesting materials for
applications as solid oxide fuel cells (SOFCs) [1]. Cerium oxide
has a fluorite structure stable up to its melting point, a large
diffusion coefficient and good corrosion-resistance when
compared with other pure oxides having oxygen ion
conductivity. This material has also received attention as a
stabilizer for ZrO,, a glass-polishing medium, and an oxygen
gas sensor [2,3]. Nanoparticles, in general, show higher
catalytic activity, better sinterability, faster response time in
sensor devices, better conductivity and other unusual properties
in contrast to bulk materials [4]. If one tries to fabricate the
“micro” or “mini” solid oxide fuel cell-based on the powder
processes, it is essential to employ nano-sized powders since
each components of the cell is constructed by thin films of
various materials and their thicknesses are expected to be in the
range of a few micrometers. Nano-powders are also preferable
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in terms of the electrochemical activities and interfacial
contacts. The electrolyte layers composed of coarse particles
generally require higher sintering temperature to eliminate
open porosity [5]. However, higher sintering temperature may
lead to unwanted interfacial reactions during co-sintering of
electrolyte and cathode or anode layers and also results in the
reduction of Ce*" to Ce**, which contributes to electronic
conduction [6]. To prepare electrolytes with lower sintering
temperature, its particle size must be in the nanometer range. In
the case of oxygen gas sensor, it has been reported that response
time of the sensor-based on cerium oxide can be reduced by
decreasing the particle size [7].

Traditional preparations of CeO, ultrafine particles involve
include high-energy ball milling [6], co-precipitation [8],
hydrothermal synthesis [9], sol-gel [10] and combustion
synthesis [11]. Unlike these nanosized oxide powder techni-
ques, aerosol flame deposition (AFD) process is unique since it
offers a route to prepare both of nano-sized powders and nano-
porous films under the ambient atmosphere. Compared with
other wet-chemical methods mentioned, the advantages of this
technique are a wide choice of nonvolatile precursors including
liquid precursors, high degree of crystallinity of as-prepared
metal oxide nanoparticles due to its high reaction temperatures
(2000-3000 K), and the capability to produce virtually all kinds
of oxide nano-sized powders that have been synthesized by
solid state reactions [12].
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Fig. 1. A schematic diagram of aerosol flame deposition system for the synthesis of Gdy ;Cen9O;_ .

In this paper, the aerosol flame deposition method was
applied to synthesize nano-sized Gdg ;Ce 9O,_, powders. The
effects of synthesis and sintering temperature on the physical,
chemical and electrical properties of Gdy ;Ce(90,_, powders
were examined.

2. Experimental procedure

The experimental apparatus of AFD system is shown in
Fig. 1. In the AFD process, a liquid precursor solution was
prepared by dissolving the desired precursors into a solvent
and then atomized into micro-sized droplets by ultrasonic
nebulizer. The atomized droplets were carried by Ar carrier
gas into a flame hydrolysis reaction zone in an oxy-hydrogen
torch. The essential part of the system is the oxy-hydrogen
torch, which is made from four concentric tubes creating three
concentric gaps, and one shield tube keeping the flame stable.
Precursor solution flows through the centermost tube of the
torch while hydrogen, argon and oxygen flow through three
gaps having different width to ensure laminar flow of gases.
To prepare the solution, cerium nitrate hexahydrate,
Ce(NO3)3-6H,0 (Aldrich, >99.9%) and gadolinium nitrate
hexahydrate, Gd(NO3);-6H,O (Aldrich, >99.9%) were used
as precursors and then ultrasonically agitated in methanol
(CARLO ERBA, >95.0%) at room temperature to obtain a
0.05 M Gd, ;Ce( 90, _, solution. The morphology and size of
the GDC particles synthesized were characterized in plan-
view using a scanning electron microscope (JEOL, JSM-
6330F) and transmission electron microscope. The phase and
crystallinity of the synthesized powders were investigated
using an X-ray diffraction Rigaku M2500 diffractometer with
a scanning step of 0.014°, a scanning time of 0.05 s per step
and an angle range from 20° to 90°. Raman spectra were
obtained using a Renishaw 2000 Raman spectromicroscope
scanning from 200 cm ™' to 1000 cm ™' at room temperature in
open-air. An Ar-ion laser beam with a wavelength of 514 nm
was used to excite the nano-crystals. Impedance measurement
of synthesized powders was carried out using a Solatron 1287
in combination with an impedance/gain-phase analyzer
(Solatron 1260).

3. Results and discussion

The nano-sized and spherical Gd, Ce 90,_, particles were
synthesized successfully by AFD and the color of the
synthesized powder was light yellow. The powder color may
be related to the variation of the particle size. Purohit et al. [4]
also observed the light yellow color of the ceria powder with a
particle size of about 10 nm. The as-prepared powder was
composed of particles with two different size distributions.
Smaller particles were approximately 10-20 nm in diameter
and larger particles were approximately 100-200 nm in
diameter, as shown in Fig. 2. The particles diameter distribution
of Gdy ;Cey90,_, particles revealed a bimodal size distribu-
tion, as shown in Fig. 2(B). The XRD pattern of synthesized
powder, as shown in Fig. 3(A), exhibited the diffraction peaks
of the ceria with a cubic structure and this suggests that a fully
crystallized cubic phase gadolinium-doped ceria was success-
fully synthesized directly from the liquid precursor solution.

Fig. 2. SEM image and particle size distribution of Gd,;Cey00,_, powder
synthesized at H, flow rate 3 1/min, O, flow rate 7.5 I/min, Ar flow rate 1 1/min,
turn table temperature at 160 °C, precursor concentration 0.05 mol% on a Si
wafer substrate.
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