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In this study, BaCeogluo103., was prepared by the sol-gel method with cerium nitrate, lutetium oxide
and barium acetate as raw materials and BaCeo.9LUo.103..-NaCl-KCI composite electrolyte was also
synthesized using BaCeo.9Luo.103-, combined with sodium and potassium chloride. The samples were
characterized by X-ray diffraction (XRD), scanning electron microscopy (SEM) and thermal analyser.
TGA-DSC plots indicated that a perovskite-type structure was formed above 1040 °C. The highest
conductivities of BaCeo.sLUo.103.. and BaCeoslLuo.103.-NaCl-KCI were 9.5x102 S-cm™ and 2.8x10™
S-cm? at 700 °C, respectively. The highest power density of BaCeooluo10s.o-NaCI-KCI was 146
mW-cm at 700 °C.
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1. INTRODUCTION

Solid oxide fuel cells (SOFCs) are considered to be promising green energy technologies due to
their fuel elasticity, high durability and energy conversion efficiency etc. [1-6]. SOFCs can be roughly
divided into two categories, oxide and protonic ions, according to their conductive mechanism. The
proton-conducting SOFC can operate at lower temperatures, thus widening the choice of materials for
cells and auxiliary components [7-10]. BaCeOs-based perovskites exhibit higher conductivity than
Y203 stabilized ZrO; (YSZ) in the intermediate temperature range [11-20]. BaCeOs-based oxides are
usually prepared by traditional solid-state reaction (SSR). The SSR method may lead to crystal growth
due to long calcination time, however, it hinders the formation of compact ceramics. A liquid phase
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reaction method, such as sol-gel, microemulsion and citrate-nitrate combustion method, can obtain
better homogeneity and reactivity, so that the samples can have compact particles with smaller size at
lower sintering temperature.

In the 1990s, it was reported that adding inorganic materials to a solid electrolyte can
effectively improve its conductivity [21-25]. Composite electrolytes have many advantages, such as
high energy density, less pollution and flexible design size etc. They have been extensively studied for
intermediate temperature solid oxide fuel cells. Liu et al. reported that BaCeo.71n0.303-5—Gdo.1Ce0.902-5
composite electrolytes with various weight ratios exhibited high mixed protonic and oxygen ionic
conductivities [21]. Marques et al. found that the Ce19Gdo.101.95-Li2CO3-Na,CO3 composite
electrolytes had excellent long-term stability under various atmospheres [23]. Our latest research
showed that SrCeOs-based electrolyte-NaCI~KCI composite electrolytes had excellent medium
temperature fuel cell performances [26-27]. The Lu®" ionic radius is close to that of Ce** and there is
little study about medium temperature ionic conduction of BaCeOs-based oxides- NaCl~KClI
composite electrolytes.

Therefore, in this study, BaCeogluo103. was prepared by the sol-gel method with cerium
nitrate, lutetium oxide and barium acetate as raw materials and BaCeo gl Ug103--NaCIl-KCI composite
electrolyte was also synthesized using BaCeo gL uo.103., combined with sodium and potassium chloride.
The samples were characterized by X-ray diffraction (XRD), scanning electron microscopy (SEM) and
thermal analyser. The medium temperature ionic conductions of the samples were also studied using
an electrochemical workstation.

2. EXPERIMENTAL

BaCeogluo.103.« Was prepared by the sol-gel method with cerium nitrate, lutetium oxide and
barium acetate as raw materials. 0.9948 g of lutetium oxide, 12.771g of barium acetate and 24.6699¢
of cerium nitrate were weighed by analytical balance. Lu.,O3z was added into nitric acid to dissolve it.
Barium acetate and cerium nitrate were dissolved with distilled water (150 ml). 19.213g of citric acid
was added into the above solution. The pH was adjusted to 8.0 with ammonia. The solution was
continuously stirred until it was as viscous as honey and put into a vacuum drying chamber at 120 °C
for one day [28-30]. The ashed mixtures were sintered to obtain BaCeogLuo.103- in a high temperature
box furnace at 1250 °C and 1550 °C for 5 h, respectively.

BaCeo.9LUo.103--NaCl-KCI composite electrolyte was also synthesized using BaCeo gL Uo.103-q
combined with sodium and potassium chloride. BaCeo.sLuo.103. and NaCl-KClI (1:1 mole ratio) were
mixed at an 8:2 weight ratio. The mixtures were ground uniformly and screened with 200 mesh, then,
pressed at 200 MPa and placed in a muffle furnace at 750 °C for 2 h to obtain BaCeo gL uo.103--NaCl-
KCI.

The thermal analyser (TGA-DSC, Universal V 3.7A, TA Instruments, New Castle, DE, USA)
was used before and after ashing measurement of BaCeo ol uo103.. gel. The XRD spectra of the two
samples were obtained by an X-ray diffraction (XRD, X’pert Pro MPD, Holland’s company,
Amsterdam, Netherlands) to determine the structure and composition. Scanning electron microscopy
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(SEM, S-4700, Hitachi, Tokyo, Japan) was used to observe the morphologies of the external and cross-
sectional surfaces of BaCeo.9LU0.103.o and BaCeo.9LU0.103..-NaCIl-KCl.

For AC impedance measurements, the prepared BaCeo gl uo.103. and BaCeo gl uo103.o- NaCl-
KCI were polished with sandpaper. The thicknesses of the samples were 1.0-1.1 mm. Both electrode
sides were painted with silver-palladium paste and coated with silver mesh as collectors. The AC
impedance was studied using the CHIG60E series electrochemical workstation from 1 Hz to 100 KHz
in dry nitrogen at 400—700 °C. In order to measure the fuel cell performances of the samples, oxygen
and hydrogen were injected into the upper and lower gas chambers at 700 °C.

3. RESULTS AND DISCUSSION

TGA-DSC plots of BaCeo.olLuo.103. gel was made before and after ashing measurement. In
Fig. 1(a), the weight loss is about 34% from room temperature to 310 °C, and there is a broad
endothermic peak, which is mainly due to the decomposition of citric acid. The BaCeo gL uo.103. has a
sharp exothermic peak between 580 °C and 590 °C, which is mainly due to the decomposition of
nitrate. There is almost no change in weight and heat flow after 1040 °C, which indicates that a
perovskite-type structure is formed [31-32]. From Fig. 1(b), the weight loss after 800 °C is due to
incomplete decomposition of residual organic matter during ashing measurement. The XRD patterns of
BaCeo gl uo.103.« and BaCep gl uo.103--NaCI-KCl are shown in Fig. 2. The XRD pattern of the sintered
BaCeo.9Luo.103-« shows it is orthorhombic BaCeO3 phase. From the XRD analysis of BaCeo oL U0.103-o-
NaClI-KCl, the diffraction peaks of the sample are consistent with that of BaCeo.9Luo.103-,. In addition,
there are other small diffraction peaks in the image, which are detected to be NaCl and KCI. However,
the weak diffraction peaks indicate that NaCl and KCI exist in an amorphous state besides a crystalline
phase [28].
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Figure 1. TGA-DSC plots of BaCeo gL uo.103-o gel before (a) and after (b) ashing measurement.
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Figure 3. SEM photos of the morphologies of the external and cross-sectional surfaces of
BaCeo.9LU0.103-. (a,b) and BaCeo gl ug.103-,-NaCI-KClI (c,d).

SEM photos of the morphologies of the external and cross-sectional surfaces of BaCeo gL ug.10s3-
« and BaCeg gl uo103.-NaCI-KCl are displayed in Fig. 3. From Fig. 3(a,b), the grain size is relatively
uniform and the grain boundary is initially formed. In the Fig. 3(c,d) view, grains are obviously
aggregated, and the bonding between grains is close. This may be due to NaCI-KCI in a molten state
binding closely to BaCeo gl uo.103-, at 750 °C. As can be seen from Fig. 3(c,d), there are still very few
stomata, which are closed stomata after air tightness test, indicating that the gas will not pass through

the sample naturally and will not affect the test [23-26].
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Figure 4. log (cT) ~ 1000 T* plots of BaCeo.gLuo10s.. and BaCeogluo.10s..-NaCI-KCl in dry
nitrogen at 400-700 °C.

Fig. 4 shows the log (cT) ~ 1000 T plots of BaCeo.sLUo.103- and BaCeo gL Uo.103-o-NaCl-KCl
in dry nitrogen at 400-700 °C. For BaCeo.gLuo.103-q, the relationship between abscissa 1000 T and
ordinate log (oT) in the Arrhenius curve is basically linear. The slope of BaCeo gL uo.103..-NaCI-KCl is
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smaller than that of BaCeosluo.103.« at 600—700 °C, which indicates that the activation energy of the
composite electrolyte decreases after NaCl-KCI becomes molten [24]. It can be seen from Fig. 4 that
the values of conductivities increase gradually with the increase of temperature, and reach the
maximum values at 700 °C. The highest conductivities of BaCeoglUo.103.« and BaCeggl o 103-o-
NaCIl-KCl are 9.5x102 S-cm™ and 2.8x10" S-cm™ at 700 °C, respectively [24—25].
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Figure 5. The AC impedance spectrogram of BaCeogl u0.103- and BaCeo.gLuo.103-o-NaCl-KCI under
an open-circuit condition at 700 °C.
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Figure 6. 1-V-P curves of BaCeo.gLuo.103-. and BaCeo .ol U0.103-o-NaCIl-KCl at 700 °C.

The Fig. 5 shows the AC impedance spectrogram of BaCeo.gLUo.103- and BaCeggolug.103-4-
NaCIl-KCI under an open-circuit condition measured at 700 °C. The intercept of the real axis usually
represents the ohmic resistance (Ro) at high frequencies. The impedance spectra consist of a quarter-
circle and a ray, which correspond to the ohmic resistance (Ro), total resistance (R:) and electrolyte-
electrode interface resistance from left to right, respectively. The difference between R, and Rt on the
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real axis is the polarization resistance (Rp). In Fig. 5, the Rp of BaCeogluo103..-NaCIl-KCI (0.16
Q-cm?) is lower than that of BaCeoslUo.103- (0.38 Q-cm?). The NaCl-KCI can not only greatly reduce
the resistance but also enhance the fast transport capability of the composite electrolyte.

Fig. 6 is the discharge diagram of BaCeoglLu0103.« and BaCeogl uo.103.«-NaCIl-KCl at 700 °C.
The initial open circuit voltages (OCVs) are 1.09 V, which indicate that the samples have good
compactness. With the decrease of OCVs, current and power density increase correspondingly. When
the current density of BaCeoslUo.103--NaCI-KCl is 265 mA-cm2, the maximum power density is 146
mW-cm at 700 °C.

4. CONCLUSIONS

In this study, BaCeo.9LUo.103. Was prepared by the sol-gel method and BaCeo gL uo.1O3.4-NaCl-
KCI was also synthesized using BaCeo.9Luo.103-, combined with sodium and potassium chloride. The
XRD pattern of the sintered BaCeo.9Luo.103. Showed it is orthorhombic BaCeOs phase. SEM results
indicated that NaCI-KCI in molten state binds closely to BaCeogl U103 and the bonding between
grains is close. The polarization resistances (Rp) of BaCeo.9Luo.103-« and BaCeo gl uo103-.-NaCl-KCl
are 0.38 Q-cm? and 0.16 Q-cm? under an open-circuit condition at 700 °C, respectively.
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