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In this study, SrCeo.6Zro3Luo103.« Was synthesized by a citric-nitrate auto-combustion (CNA) method.
Subsequently, it was compounded with molten chlorides and carbonates to prepare SrCeo.sZro.3Luo.103-
a-(K/L1)2COs-(Na/K)CI. The structure, morphology and medium temperature electrical properties of
SCZLu-(K/Li)2.COs3-(Na/K)Cl were investigated. X-ray diffraction indicated that the main
microstructure was SrCeOs phase and (K/Li)2CO3z mainly existed in amorphous form in the composite.
The maximum conductivity of SCZLu-(K/Li)2COs-(Na/K)CI reached 2.5x102 S-cm™ at 700 °C.
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1. INTRODUCTION

Proton conductors have wide application prospects in the energy, environmental protection and
aerospace fields etc. [1-5]. Proton conducting solid electrolytes include polymer organic film, inorganic
heteropoly acid and ABOs perovskite structure oxides etc. [6-10]. Generally speaking, M"*-doped
SrCeOs has higher proton transfer numbers than those of M"*-doped BaCeO3z and can be used in gas
sensors, gas separators, electrochemical membrane reactors and fuel cells [11]. Hung et al. found that
Sr(Ceo.6Zro.4)os5Y0.1503-0 could be used in hydrogen separation membranes [12]. Matskevich et al.
prepared SrCeooluo10295 and found that Lu®*-doping could increase the thermodynamic stability of
SrCeOs-based electrolyte [13]. The proton conductivities of M""-doped SrZrO3z were lower than those
of M""-doped SrCeOs, however, their chemical stability and mechanical strength were better than those
of SrCeOzs-based perovskite electrolytes [14]. Many studies have shown that double metal cation-doped
SrCeOs has better electrical properties than single M""-doped SrCeOs [15-17]. Li et al. synthesized
SrCen.oYbo10s. by a gel combustion method and the sintered temperature was lower than with the solid
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state reaction method [18]. Therefore, SrCeosZro.3Luo103.« Was synthesized by a citric-nitrate auto-
combustion (CNA) method in this study.

SrCeOs-based electrolytes have high ionic conductivities only when above 700 °C. Therefore,
new composite electrolyte materials such as ceria-carbonates with high ionic conductivities at medium
temperature (400-700 °C) have become the focus of solid oxide fuel cell research [19-25]. For example,
Park et al. synthesized CeosNdo2019-Li2CO3-Na2COs composite electrolyte which had good
intermediate temperature electrical properties [23]. And we previously prepared M"™(Gd**[26],
Eu®*[27])-doped SrCeOs3-NaCl-KCl composite electrolytes which had high ionic conductivities at
intermediate temperatures (400-700 °C). Thus far, the study of lutetium and zirconium co-doped
SrCeOs-(K/Li)2COs-(Na/K)CI composite electrolyte has been insufficient.

In this study, a novel composite electrolyte SrCeosZro.3Luo.103.a-(K/Li)2COs-(Na/K)CI was
prepared. The structure, morphology and medium temperature electrical properties of SCZLu-
(K/L1)2CO3-(Na/K)CI were investigated.

2. EXPERIMENTAL

According to the stoichiometric ratio of SrCeosZro3Luo.103-«, LU203 was liquefied in nitric acid
and other metal ion nitrates were dissolved in water to form a uniform solution. Citric acid was added.
And the solution was heated to evaporation and burnt to obtain the primary powder. Powder was pre-
fired at 1200 °C for 5 h, then, sintered at 1540 °C for 5 h to obtain SrCeo.6Zro.3Luo.103.a. Li2CO3-K2CO3
(1:1 mole ratio) and NaCI-KCI (1:1 mole ratio) were heated twice to form a uniform inorganic salt solid
solution. The mixtures of SrCeo.6Zro3LU0.103.¢, Li2CO3-K2CO3 and NaCI-KCI (weight ratio 7:1:2) were
heated at 750 °C for 1 h to obtain SCZLu-(K/Li).COz-(Na/K)CI pellets (thickness 1.2 mm, diameter
16mm).

The crystal structures of SrCeoeZrosluo103a and SCZLu-(K/Li)2COs-(Na/K)CI were
determined by X-ray diffraction (XRD). A scanning electron microscope was used to characterize the
morphologies of the sintered samples. In order to analyze the ionic conductivities, Pd-Ag paste was
coated on both sides of the sintered samples and treated at 700 °C for 20 minutes. The AC impedance
spectra of the samples were measured by a CHI660E electrochemical analyzer with Ag wires as the
conductors. The test temperature range was 400-700 °C. The log o ~ log (pO2) curves were obtained
with different proportions of dry hydrogen, oxygen and nitrogen. Finally, hydrogen and oxygen were
used as fuel and oxidant to test the fuel cell performance of SCZLu-(K/Li).COz-(Na/K)CI.

3. RESULTS AND DISCUSSION

Fig. 1 shows the XRD diagrams of SrCeo.6Zro.3Luo.103.« and SCZLu-(K/Li).COz-(Na/K)CI. The
diffraction peaks of SrCeo.6Zro3Luo.103-« are consistent with Xing et al. [15]. For SCZLu-(K/Li)2COz-
(Na/K)CI, the extra peaks at 29°, 33° and 47° are obvious which come from crystalline KCI and NaCl
respectively.
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Figure 1. XRD patterns of SrCeo.6Zr0.3LU0.103-« and SCZLu-(K/Li)2COs-(Na/K)CI.

There is no diffraction peak of carbonate in the XRD spectrum, so it can be inferred that
carbonates exist between grain boundaries in amorphous form [22, 23, 28]. Huang et al. found that
Li2CO3-Na,COs can decompose BaCeo.7Zro1Y0203.0 into BaCOsz and CeO [24]. Li2CO3-K>CO3
decreases the solid solution limitation between SrZrOz and SrCeOs. Therefore, extra peaks of SrZrOs

are also observed.

Figure 2. The external and cross-sectional SEM photos of SrCeoeZrosLuo.103-« (a,0) and SCZLu-
(K/Li)2COs-(Na/K)CI (c,d).
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The external and cross-sectional SEM photos of SrCeoeZro3Luo.103.« and SCZLu-(K/Li)2COs-
(Na/K)Cl are shown in Fig. 2. Fig. 2(a, b) are SEM diagrams of SrCeo.6Zro3Luo.103-« prepared by CNA
method after being sintered at 1540 °C for 5 h. Fig. 2(a, b) show that SrCeoZro.3Luo.103.« has been
densified and the grains of the sample are closely combined with regular shape and clear morphology.
The distribution of grains is relatively uniform, and the grain size is concentrated between 1.5 um and 4
pum. In the process of high temperature sintering, the molten carbonates and chlorides can flow among
the SrCeo.6Zro3Luo103- particles, fill the gaps and densify the composite electrolyte, as shown in Fig.
2(c, d) [21-25].

Fig. 3 shows the log (cT) ~ 1000 T plots of SrCeo.6Zro.3LU0.103-0, SCZLu-(K/Li)2CO3-(Na/K)CI
in air from 400 °C to 700 °C and the reported samples [26-27]. From Fig. 3, the conductivities of
lutetium and zirconium co-doped SrCeOs are higher than SrCeo9Gdo.103.« prepared by a citric-nitrate
auto-combustion process (SrCeo.9Gdo.103-«-CNA) and SrCeo 9EU0.103.o Synthesized via a sol-gel method
(SrCeo.9EU0.103.0-SG) [26-27]. The result shows that SrCeOs-based electrolyte materials with both
electrical and chemical stability can be obtained by double doping. There is a turning point in the
Arrhenius curve of SCZLu-(K/Li).COs-(Na/K)CI at 500 °C. This is due to the melting of carbonate
because the transition temperature is close to the melting point (490 °C) of LiKCOz. The conductivities
of SCZLu-(K/Li)2CO3-(Na/K)CI are higher than those of pure SrCeOs in the temperature range of 500-
700 °C. The conducting ions can be conducted through the interface and the bulk phase of SCZLu
because inorganic salt is a solid solution above 500 °C [29]. The maximum conductivity of SCZLu-
(K/Li)2COs-(Na/K)Cl reached 2.5x10% S-cm™ at 700 °C.
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Figure 3. The log (cT) ~ 1000 T plots of SrCeosZrosLuo.10z.0, SCZLU-(K/Li).CO3z-(Na/K)Cl in air
from 400 °C to 700 °C and the reported samples.
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Fig. 4 shows the log o ~ log (pO2) curves of SrCeosZrosLuo10s.« at 600 °C, SCZLu-
(K/Li)2CO3-(Na/K)CI at 700 °C and the reported SrCeo9Eu0.103.« at 700 °C. The log o ~ log (pO>)
curve is usually studied to explore the ionic conduction in samples. Lin et al. studied 5mol % Th**-doped

SrCeOs and found that it is a pure protonic conductor with very low electronic conduction [30]. As
shown in Fig. 4, the total conductivities in hydrogen, oxygen, air and nitrogen (pO2 = 10%° ~ 10° atm)

are almost the same, which shows that the electrolytes are pure ionic conductors.
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Figure 4. The log o ~ log (pO2) curves of SrCeosZrosLuo10s.« at 600 °C, SCZLu-(K/Li)2COs-
(Na/K)Cl at 700 °C and the reported SrCeo.9Eug.103-« at 700 °C.

Fig. 5 shows the I-V-P curves of SCZLu-(K/Li)2COz-(Na/K)CI and the reported SrCeg.9Euo.10s3-
a, SrCeo.9Gdo.103. at 700 °C. It can be seen from Fig. 5 that the I-V curve is basically straight, indicating
that there is no electrode polarization and the microstructure of the electrode can meet the requirements.
All the open circuit voltages are above 1.0 V, indicating that the electrolytes are basically airtight at 700
°C. The fuel cell using SCZLu-(K/Li)2CO3-(Na/K)CI as electrolyte obtains the maximum power density
of 50 mW-cm at 700 °C. The SrCep.9Gdo103..-CNA and SrCeo gEu0103.4-SG only have 20 mW-cm
and 13 mW-cm under the same condition, respectively [26-27]. The power output of ours is higher
than those of SrCeo.9Gdo.103-« prepared by a citric-nitrate auto-combustion method (SrCeo.6Zro.3LUo.103-
a-CAN) [25], SrCeo.9Gdo.103-o-CNA [26] and SrCeo.9EU0.103-o-SG [27] under the same condition (Table
1). It can be seen that the fuel cell performance of the composite electrolyte is better.
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Figure 5. The I-V-P curves of SCZLu-(K/Li)2COs3-(Na/K)Cl and the reported SrCeo9Eu0.103.q,
SrCeo.9Gdo.103.« at 700 °C.

Table 1 The highest power densities of SCZLu-(K/Li).CO3-(Na/K)CI and similar electrolytes in the

literatures.
electrolytes Highest power densities
SCZLu-(K/Li).COs-(Na/K)CI 50 mW-cm, 700 °C, in this work

25 mW-cm2, 800 °C, [25]
20 mW-cm2, 700 °C, [26]
13 mW-cm2, 700 °C, [27]

SrCeo6Zro3LUp.103.o-CNA
SrCeo.9Gdo.103-4-CNA
SrCeo9EU0.103.4-SG

4. CONCLUSIONS

In this study, molten chlorides and carbonates was adopted to synthesize a new
SrCeo.6Zro.3LU0.103.-(K/L1)2CO3-(Na/K)Cl composite electrolyte. The SEM photos showed that the

molten carbonates and chlorides can flow among the SrCeo.sZro3Luo103-o particles, fill the gaps and
densify the composite electrolyte in the sintering process. The log o ~ log (pO2) results showed that

SCZLu-(K/Li)2CO3-(Na/K)Cl is a pure ionic conductor. The maximum conductivity and power density
of SCZLu-(K/Li)2COs-(Na/K)Cl were 2.5x102 S-cm™ and 50 mW-cm™ at 700 °C, respectively.
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