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Abstract

Scandia-stabilized zirconia (ScSZ) is a new candidate electrolyte for use in solid oxide fuel cells (SOFCs) at intermediate temperatures.
ScMnSZ ((Zr03).89(Sc203)9.1(Mn0O,)g.01) powders for the electrolyte were synthesized using the Pechini and ultrasonic spray pyrolysis (USP)
methods. The electrical conductivities of sintered ScMnSZ samples prepared by the Pechini and USP methods are determined to be 0.112 and
0.091 S/cm, respectively, at 800 °C. An additional porous ScMnSZ electrolyte layer onto the dense electrolyte layer through a dip-coating process
is a possible means of increasing the triple-phase boundary (TPB) of a cell. The performance of an anode-supported single cell prepared using a
porous and dense composite electrolyte is superior to that of a cell with only the dense electrolyte.

© 2011 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction

Scandia-stabilized zirconia (ScSZ, (ZrO;);_,(Scy03),)
shows high ionic and low electronic conductivity and high
chemical stability. It is a candidate electrolyte for solid oxide
fuel cells (SOFCs) at intermediate temperatures [1,2].

The triple-phase boundary (TPB) concept holds that the
hydrogen oxidation reaction (HOR) and the oxygen reduction
reaction (ORR) can only occur at confined spatial sites, where
an electrolyte, an electrode, and a gas come into contact. The
performance of SOFC is often limited by the reaction kinetics,
especially in ORR. Therefore, optimizing the TPB in the cell is
very important to improve the performance of fuel cells [3-5].
The microstructure of the interface between the electrolyte and
cathode should be carefully designed to maximize TPB in the
electrode. Weber and co-workers [6,7] proposed a method for
preparation of an electrochemical active thin film cathode via
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MOD (metal-organic-deposition) to increase the number of
active reaction sites for a SOFC.

In this paper, a preparation method of the electrolyte was
developed to increase the active reaction sites in the TPB of a
SOFC. ScMnSZ ((Zr02)0.89(SC203)0.1(Mn02)ovgl) powder for a
dense and porous additional composite electrolyte layer was
synthesized by the Pechini and ultrasonic spray pyrolysis (USP)
methods, respectively. The porous electrolyte was coated onto a
dense electrolyte layer to increase the effective TPB region and
also to improve the performance of the cell. The effective
surface area of electrolyte can be increased by its well-
developed porous microstructure. The performance of single
cells prepared using dense and porous electrolyte composites
(cell 2) was compared with the performance of a cell in which
only dense electrolyte was used (cell 1).

2. Experimental

The ScMnSZ powder for the dense and porous electrolyte
layer was prepared by the Pechini and USP methods,
respectively. The ScMnSZ electrolyte material was doped
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with a small amount (1 mol%) of manganese oxide (MnO,) for
suppression of the cubic-rhombohedral phase transformation
[2,8]. The metal nitrates of Zr(NO3),-xHNO3; (GCM, Korea),
Sc(NO3),-xH,0 (GCM, Korea), and Mn(NO3),-4H,O (Sigma—
Aldrich Co.) were used for the ScMnSZ electrolyte powders. A
0.5:0.5 molar mixture of citric acid (CA) and ethylene glycol
(EG) was added to the nitrate solution. The viscous gel was then
charred at 240 °C for 3 h and calcined at 750 °C for 10 h for the
Pechini method [2]. The nitrate solution (0.1-0.5 mol/L) was
atomized by an ultrasonic nebulizer with a resonant frequency
of 1.7 MHz for the USP method. The atomized droplets passed
through a quartz tube (50 mm in diameter) heated to 750 °C
with a carrier gas (air) and the ScMnSZ powder was collected in
a filter bag attached onto end of the quartz tube [2].

The morphology of the powder and the microstructure and
chemical composition of the sintered body were investigated
using a scanning electron microscope (FE-SEM, HITACHI S—
4700) equipped with an energy dispersive X-ray analyzer
(EDS). The electrical conductivity of the sintered ScMnSZ
samples prepared by the Pechini and USP methods was
measured by the DC four-probe method. Thermal expansion of
the sintered ScMnSZ samples was measured using a
dilatometer (DIL 402C, Netzsch, Germany) in the air atmo-
sphere with a heating rate of 5 °C/min in the temperature range
from 300 to 1027 °C.

The extruded anode-supported tube serves as the fuel
electrode (Ni/YSZ). The ScMnSZ electrolyte layer using the
powder prepared by the Pechini method was coated onto a pre-
sintered anode tube by a slurry dip-coating process to form a
dense layer. An additional porous electrolyte layer was then
coated onto the dense electrolyte by the dip-coating process
using a mixture of polymer hollow particles (dso=0.5 pm)
and ScMnSZ powder prepared by the USP method. The coated
electrolyte layer was sintered at 1400 °C for 10 h. An air
electrode LSM ((Lag g5S10.15)0.0MnO3) was prepared by solid-
state powder reaction process and calcined at 1000 °C for 5 h.
The air electrode LSM slurry was coated via a dip-coating
process onto electrolyte layer and sintered at 1200 °C for 2 hin
air.

The electrode area of the single cell was 9.42 cm®. The cell
performance was measured at 800 °C while supplying
humidified H, (0.7 L/min) with 3 wt% H,O as fuel and air
(3.5L/min) as an oxidant. AC impedance spectroscopy
(Solatron SI 1260/SI 1287) was used to measure the
polarization resistance of the single cell in the frequency
range from 1 x 10° to 0.01 Hz at signal amplitude of 50 mV AC
in the state of open-circuit voltage (OCV).

3. Results and discussion

SEM micrographs of ScMnSZ powder synthesized by the
Pechini (a) and USP methods (b) are shown in Fig. 1. The mean
particle diameters (dso) of those powders were about 0.35 and
0.67 wm, respectively. The sintered samples prepared by the
Pechini method exhibited a relatively dense microstructure,
while the microstructure was porous for the sintered sample
prepared by the USP method [8].
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Fig. 1. SEM images of ScMnSZ powder prepared by the Pechini (a) and USP
methods (b).

The electrical conductivities of the sintered ScMnSZ
samples prepared by the USP methods were 0.054, 0.091
and 0.207 S/cm at 750, 800 and 900 °C, respectively. On the
other hand, the sintered sample prepared by the Pechini
methods showed the electrical conductivities of 0.074, 0.112
and 0.208 S/cm at 750, 800 and 900 °C, respectively. The
electrical conductivity of a sintered sample prepared by the
Pechini method was higher than that by the USP method. The
conductivity of such samples can be affected by the porosity of
the sintered materials [8]. The sintered ScMnSZ samples
prepared by the Pechini and USP methods showed a single
cubic phase and no detection of a new phase by X-ray
diffraction (XRD) analysis. The sintered ScMnSZ sample
showed ~a  linear  thermal  expansion  behavior
(@een(1273 K) = 10.78 x 107% (K1) in a dilatometer analy-
sis. These results shows that the addition of a small amount
(1 mol%) of metal oxides (MnQO») into the ScSZ material be an
effective method for suppression of the cubic-rhombohedral
phase transformation of ScSZ materials [2,9].

SEM image of a cross-section of a single cell (cell 2)
composed of a dense and porous electrolyte layer (dense
electrolyte (A), porous electrolyte (B), and cathode (C)) is
shown in Fig. 2(a). The thickness of the dense and additional
porous electrolyte layer was about 10-12 and 3-5 pm,
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Fig.2. SEM (a) and X-ray mapping (Zr and La) (b, c¢) images of a cross-section
of a single cell (cell 2) composed of a dense and porous electrolyte layer (dense
electrolyte (A), a porous electrolyte (B), and a cathode (C)).

respectively. The cathode shows a porous structure and a
thickness of approximately 10-15 wm. The dense and porous
electrolyte, and cathode layers are distinguished clearly in the
mapping image of the Zr and La elements (Fig. 2 (b) and (c)).
The electrolyte surface area and the active reaction sites in the
TPB (LSM/ScMnSZ/air) were enlarged by the application of
the additional porous electrolyte layer significantly.

Fig. 3 shows the current/voltage (I/V) and current/power (I/
P) curves of the single cells (cell 1 and 2) at 800 °C. The OCV
was 1.13 V for both cells. Cell 1 was also fabricated with a
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Fig. 3. Current/voltage (I/V) and current/power (I/P) curves of a single cell with
different electrolyte layers at 800 °C (cell 1, a dense electrolyte layer; cell 2, a
dense and porous electrolyte layer).

dense electrolyte layer, but an additional porous electrolyte layer
was not applied in the configuration of cell 1. Cell 2 shows a
nominal power density of 0.62 W/cm? at 0.7 V and a maximum
power density of 0.82 W/ecm? at 0.55 V. Cell 1 shows a nominal
power density of 0.39 W/cm? at 0.7 V and a maximum power
density of 0.58 W/cm?® at 0.52'V under the same operating
conditions as cell 2. Cell 2 shows better performance than cell 1.
This improvement can be attributed to the increased length of the
TPB in the porous electrolyte and cathode layer [6,7]. An
increase in the performance is possible by using an improved
electrolyte/cathode interface. The effective electrolyte surface
area was enlarged here by structuring the electrolyte surface with
additional porous ScMnSZ layers.

The impedance spectra of cells 1 and 2 under air at 800 °C are
shown in Fig. 4. The ohmic resistance of cells 1 and 2 was about
0.054 Q cm?. A higher polarization resistance of 0.326 ) cm?
was obtained for cell 1 with only a dense electrolyte layer; it was
0.264 O cm? for cell 2 with its dense and porous electrolyte
layers. The change in the polarization resistance between cell 1
and cell 2 is clearly visible in Fig. 4. The better performance of
cell 2 can be explained by the reduction in the polarization
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Fig. 4. Impedance spectra in an open-circuit state of a single cell with different
electrolyte layers at 800 °C (cell 1, a dense electrolyte layer; cell 2, a dense and
porous electrolyte layer).
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resistance due to the improved electrical contact between the
cathode/electrolyte interlayer [6,7]. The cell performances at
800 °C appear to rely on the electrode polarization resistance
more seriously than the ohmic resistance [10].

4. Conclusions

The mean particle diameters of the ScMnSZ powder prepared
by the Pechini and USP methods at 750 °C were approximately
0.35 and 0.67 pm, respectively. The electrical conductivities of
the sintered ScMnSZ samples prepared by the Pechini and USP
methods were 0.112 and 0.091 S/cm at 800 °C, respectively. The
nominal power densities of cell 1 and cell 2 were 0.39 and
0.62 W/cm? (0.7 V), respectively, at a cell temperature of
800 °C. Cell 2 showed better cell performance than cell 1. This
improvement can be attributed to the increased length of the TPB
and the lower electrode polarization resistance in the porous
electrolyte and cathode layer. Lower electrode polarization
resistance of 0.264 ) cm? was obtained for cell 2 with its dense
and porous electrolyte layer, while the polarization resistance
was 0.326 Q cm? for cell 1 with its dense electrolyte layer.
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