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In this work, novel SrCepoYbg103.4-(Li/Na),CO3 (SCYb-LN) and SrCep¢Yho103.,-LiCI-SrCl, (SCYb-
LS) electrolyte composites were successfully fabricated at low temperature. The SEM image results
show that the composites possess sufficient density. The highest conductivity is observed to be 3.5x10°
2 and 1.2x10* S-em™ for SCYb-LS, SCYb-LN at 600 °C, respectively. In a hydrogen-containing
atmosphere, the composites are almost pure ionic conductors, according to the log o ~ log (pO) plots
results. Using SCYb-LN and SCYb-LS as electrolytes, the H,/O, fuel cells produce the maximum
power densities of 294 and 147 mW-cm™ at 600 °C, correspondingly.
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1. INTRODUCTION

Recently, electrolytes possessing high conductivities at 400-800 °C have been successfully
developed in intermediate temperature fuel cells (ITFCs) [1-2]. In recent decades, carbonate
composites doped with cerium oxide have been extensively investigated [3—7]. For example, using a
citrate-based route, Marques et al. prepared CepgEug102-,-(Li,Na),CO3; composites [3]. Huang et al.
studied the conductivity and fuel cell performance of BaCeg 7Zro.1Y0203.o-(Li,Na),CO3 composites [4].
Park et al. reported on CeygNdo20,.o-(Li,Na),CO3 composite electrolytes and studied the multi-ionic
conduction at intermediate temperatures [5].

High temperature proton conductors (HTPCs) are utilized in numerous electrochemical
processes, such as hydrogen production, hydrogen sensors and solid oxide fuel cells (SOFCs) etc. [8—
10]. In recent decades, perovskite-type oxide has become considered a promising candidate material
for reducing SOFCs working temperature from 400 °C to 800 °C. The proton conductivity in a
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hydrogen-containing atmosphere of strontium-cerium type perovskite(ABO3;) materials has been
previously reported [11-20]. Fu et al. reported on K* and Y** substituted for Sr** and Ce*" in SrCeO;
and studied the conductivity and chemical stability [12]. Li et al. synthesized SrCepoYbo103., at low
temperature by a gel combustion method [16]. Usually, Yb and Y doped SrCeO; have the best
performance. Therefore, ytterbium was selected to partially replace the site of B atom for SrCeOg in
this work. In our previous study, we explored the influence of three different inorganic salts and the
results indicated that the intermediate temperature electrochemical properties of SrCepgYbg103.4-
NaCl-KCl were higher than those of SrCepgYbg103.4-Li,CO3-K,CO3; and SrCeggYho103,-NaCl-
CaCl; [21].

In this work, we prepared two other different types of inorganic salts-SrCepgYbo103.
composite electrolytes, SrCegYbg103.4-(Li/Na),CO3; (SCYb-LN) and SrCeqgYbg1034-LiCI-SrCl;
(SCYDb-LS), in order to find the inorganic salt with the best performance. The conduction behaviors
from 400 °C to 600 °C were investigated using electrochemical methods. Using the composite as
electrolytes, the properties of H,/O, fuel cells were also tested.

2. EXPERIMENT

SrCepoYho 103, Was fabricated according to previous reports [11,12,14,15,18]. First, weighed
powders of CeO,, Yb,03 and SrCO3 were of analytical-grade and were heated to 1300 °C (5 h). The
synthetic sample was ground, calcined at 1500 °C (5 h) in air, and marked as SCYb.

The mole ratio of Li,CO3/Na,CO3 was controlled at 1:1[22], but the mole ratio of LiCI/SrCl,
was controlled at 1.7:1. Then, the molten salt was obtained by the solid mixtures which were calcined
at 580 °C (2 h). 80 wt% SCYb powder was mixed with 20 wt% Li,CO3/Na,CO3 and LiCl/SrCl,. The
mixtures were ground, sieved (100 mesh) and pressed into pellet under 200 MPa pressure. Finally, the
SrCep9Ybp103.4-(Li/Na),CO3 (SCYb-LN) and SrCepgoYbg103.4-LiCI-SrCl, (SCYDb-LS) electrolytes
were obtained by the above mixtures being calcined at 600 °C (1 h).

Using X-ray powder diffraction (XRD), the crystalline structure of the SCYb-LN and SCYb-
LS electrolytes were determined at room temperature. Scanning electron microscope (SEM) was used
to study the microstructure of the electrolytes.

In order to determine the electrochemical properties, round plates of ~18 mm in diameter and
1.0-1.2 mm thickness were fabricated. 20%Pd-80%Ag paste was smeared on both sides (0.5 cm?) of
the round plates, and used as electrodes. The impedance spectra were investigated by using a CHIG60E
electrochemical analyzer from 1 Hz to 1 MHz. In dry Ny, the conductivity measurements as a
temperature function were also studied. Dry experimental atmospheres were acquired by using P,Os.In
the pO, range of 1-10"%° atm, the conductivity as the function of oxygen partial pressure (pO,) was
measured. The pO, was achieved by commixing O, air, N, and H; in a proper ratio and measured by
using an oxygen sensor. Finally, the H,/O, fuel cells were fabricated.

3. RESULTS AND DISCUSSION

The X-ray diffraction (XRD) patterns of SCYb-LN and SCYb-LS are shown in Fig. 1. It can
be seen from Fig. 1 that diffractions for SrCeO3 phase in JCPDS (01-082-2370) are found in the as-
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prepared composite electrolytes. At the same time, some NaCl and SrCl, peaks are also observed.
However, the much lower intensity of these reflections suggests that carbonate or chloride crystallites
are less developed. As amorphous salt, most of them are in the grain boundary of SrCepgYbg103.4
crystal. This has been proven by other research [3,23-25]. Marques et al. reported that there is no
reaction between Gd-doped ceria and (Li,Na),CO3 carbonates [23].
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Figure 1. XRD patterns of the SCYb-LN and SCYb-LS.

Figure 2. (a-d) The cross-sectional and external surface SEM images of SCYb-LN and SCYb-LS.
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Figure 3. Temperature dependence of conductivities of the SCYb-LS and SCYb-LN in dry N,
atmosphere from 400 °C to 600 °C.

Fig. 2 displays the SEM images of cross-sectional and external surface of the above
composites. In Fig. 2, it can be seen that the composites are especially dense and the molten LiCl/SrCl,
and Li,CO3/Na,CO3 covered the SrCeqgYbo103., particle surfaces uniformly. The molten carbonate
and chloride appear to be used as the glue of SrCeq9Yho10s3., particles, which is similar to the result of
ceria-carbonates composites fabricated via similar calcine treatments [26-28]. Meng et al. reported
gadolinium-dopedceria(GDC)-LiCI-SrCl, was fully densified and no pore were observed [27-28].

In a dry N, atmosphere, the Arrhenius plots of conductivity for SCYb-LS and SCYb-LN from
400 °C to 600 °C are shown in Fig. 3. As can be seen from Fig. 3, a sharp conductivity jump is seen
around 500 °C and the conductivities are between 0.068 and 0.12 S-cm™ for SCY-LN, between 0.024
and 0.035 S-cm™ for SCY-LS in the 500-600 °C temperature range, respectively, which are higher
than that of Yb and Y doped SrCeO3 [12-16]. It is concluded that the conductivities are enhanced by
the introduction of carbonate and chloride. The improved conductivity of the composites might be
attributed to the carbonate and chloride molten phase and the interfaces between amorphous salt with
another fast ionic transport way and SrCeg Yo 103, particles [2-5].

To study the ionic conduction of the above three composites, Fig. 4 shows the dependence of
conductivity for the partial pressure of oxygen (pO, = 10%~1 atm) in dry atmospheres. It can be
observed in Fig. 4, in a hydrogen-containing atmosphere, there is obviously no variation of
conductivity with pO,. This implies that they are pure ion conductors. Under oxidizing conditions, it
can also be seen from Fig. 4 that the conductivity decreases with increasing pO,. At high oxygen
partial pressure, it can be attributed to the fact that the electronic holes and oxide ions generated from
the SrCep.9Ybo103.,composite cannot move easily through the molten inorganic salt eutectic[5].
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Figure 4. The conductivity of SCYb-LS and SCYb-LN as a function of pO,.
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Figure 5. The I-V and I-P curves of H,/O; fuel cells for the SCYb-LS and SCYb-LN at 600 °C.

Fig. 5 illustrates the I-V and I-P curves of the H,/O, fuel cells for the SCYb-LS and SCYb-LN
at 600 °C. It can be observed in Fig. 5 that the open circuit voltage is ~1.05 V. This shows that all the
composites possess sufficient density. When temperature reaches the melting point (~500 °C), the
molten carbonate and chloride will load the interspace of SrCeg9Ybo103., particles, forming relatively
dense composite electrolytes.

According to the I-P characteristics, the best performances of SCY-LN is 294 mW-cm™ power
density output, corresponding to ~466 mA-cm™ current density output at 600 °C. Based on the dense
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SCY-LS composite, the fuel cell also shows good cell properties with maximum 147 mW-cm™ power
output densities at 600 °C, respectively.

4. CONCLUSIONS

In this work, Srceo_ngollog.a-(Li/Na)2C03 (SCYb-LN) and SrCeggqYhg.103.,-LICI-SrCl,
(SCYD-LS) electrolytes were fabricated at low temperature. The XRD results show that most
carbonate and chloride are used as amorphous salt in the SrCeyoYbo.103., Crystal grain boundary. The
SEM image results imply that the composites possess good density. The conductivity is between 0.068
and 0.12 S-cm™ for SCYb-LN, between 0.024 and 0.035 S-cm™ for SCYDb-LS in the 500-600 °C
temperature range, respectively. The best performances of SCYb-LN with the power density output of
294 mW-cm™ corresponding to the current density output around 466 mA-cm™ at 600 °C.
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