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A novel cobalt-free Lao.sSro.4FeooNDbo.1Os (LSFNb) cathode material was synthesized by a solid-state
reaction. And BaCeo.7Zro2Smo10s-.« (BCZSm) electrolyte was prepared by a sol-gel method.
Transmission Electron Microscopy (TEM) and Thermal Gravimetry Analysis-Differential Scanning
Calorimetry (TGA-DSC) were used to determine the size and the first sintering temperature of
BCZSm, respectively. The structures of cathode, electrolyte and anode were analyzed via X-ray
Diffraction (XRD). A thin film fuel cell of LSFNb / BCZSm / NiO-BCZSm was assembled and
reached the highest power densities of 109 mW-cm2 and 182.6 mW-cm™ at 700 °C and 800 °C,
respectively.
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1. INTRODUCTION

Fuel cells play an important role in the development of clean energy due to their high
efficiency and low pollution [1-6]. A solid oxide fuel cell (SOFC) is a fully solid-state device
consisting of an anode, cathode and electrolyte [7—10]. The cathode catalyzes oxygen into oxygen ions
and transfers them to the electrolyte interface. The cathode materials require a porous structure, good
stability and mixed conductivity in working temperature range [11-13]. At present, research on SOFC
cathode materials mainly focuses on perovskite oxides, mainly ABOs and A2BOa type oxides. Co-
containing perovskite-oxides such as LaixSrxCoOs (LSC) are the main candidate materials for SOFC
cathode materials due to their excellent electronic-ionic mixed conductivities. The development of Fe
doped at Co site has become a common research direction. However, Lai1-xSrxCoi-yFeyOs (LSCF) has a
high coefficient of thermal expansion. Therefore, the search for new high performance Co-free cathode
materials has become a hot spot in the development of SOFC [14-15]. We previously reported a Co-
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free cathode material, LaosSro.4Fe1 xNixOs-«, which had a good fuel cell performance [16]. In recent
years, researchers have found that the use of high valence metal cations can improve the performance
of cathode materials, such as (Lao.6Sro.4)1-xC00.2Fe0.6NbD0.203-o, Lao.osCao.1Fe0.sNbo.103-4, etc. [17-20].

Electrolyte is a core component of a fuel cell [21-23]. In terms of carrier transport, H*
transmission resistance is much less than O%. At present, research into proton conductor materials
mainly focuses on BaZrOs and BaCeOs-based materials. It has been reported that BaCeO3s and BaZrO3
can form infinite solid solution BaZrxCe1xOs. And it has been confirmed that doping of low-valent
elements can improve the proton conductivity of the material. The effective ionic radius of Sm3* is
close to that Ce*'. In order to mix the raw materials at the molecular level, electrolytes are usually
synthesized by liquid phase method [24—-26].

In this paper, novel cathode material, LaosSro.sFeooNbo10s (LSFNb) was synthesized. The
electrolyte of BaCeo.7Zro.2Smo.103-« (BCZSm) was prepared by sol-gel method. Electrolyte films were
prepared on anode substrates and the electrochemical performance of ceramic membrane fuel cells was
studied.

2. EXPERIMENTAL

Lao.sSro.4Feo9oNbo.1Os (LSFNb) was prepared by high temperature solid-state method.
According to the stoichiometric ratio, La2O3, SrCOs, Fe2O3 and Nb20s were mixed uniformly and
annealed at 1000 °C and 1150 °C for 5 h to obtain LSFNb. The cathode slurry was prepared by mixing
the prepared LSFNb with an appropriate amount of binder (ethyl cellulose and terpineol).

BaCeo.7Zro.2Smo.103-« (BCZSm) was synthesized via a facile sol-gel method using citric acid as
a chelating agent. The amounts of raw materials (Ba(NOs)z, citric acid, Sm203, (NH4)2Ce(NO3)s and
Zr(NOs3)s-5H20) were calculated according to stoichiometric ratio. Sm203 was dissolved in hot diluted
nitric acid solution to form Sm(NQOs)s solution. The molar ratio of citric acid to total metal ions was
controlled at 2:1. With the evaporation of water, the concentration of the solution increased gradually
to a viscous gelatin. The gel was heated to form a fluffy powder and calcinated at 1100 °C and 1400
°C for 5 h, respectively. The electrolyte slurry was prepared by grinding BCZSm powder and organic
binder at a mass ratio of 30:70 for 2 h.

NiO and BCZSm powders were milled at a mass ratio of 60:40 for 2 h, then 15% of activated
carbon was added as a pore-forming agent. The anode was prepared by pressing the NiO-BCZSm
powder and sintering at 1000 °C for 2 h.

Electrolyte membrane was prepared by spin coating with the KW-4A spin coating machine.
The electrolyte slurry was distributed on the surface of the anode support under centrifugal force and
annealed at 1450 °C for 5 h. A single cell was fabricated by co-sintering at 1000 °C for 2 h with a
cathode layer coated on the sintered anode-supported BCZSm film.

Transmission Electron Microscopy (TEM) was used to show the size of BCZSm grains.
Thermal Gravimetry Analysis-Differential Scanning Calorimetry (TGA-DSC) was used to determine
the formation temperature of BCZSm phase. The structures of Lao.sSro.sFeo9sNbo.1Os (1000 °C, 1150
°C), BaCeo.7Zro.2Smo.103-« (1400 °C) and NiO-BCZSm were analyzed via X-ray Diffraction (XRD).
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The morphologies of Lao.sSro.4Feo9sNbo.1Os (1150 °C) and the cross section of the thin-film fuel cell

(LSFNb / BCZSm / NiO-BCZSm) were tested using a Scanning Electron Microscope (SEM). The
H2/O2 fuel cell was tested at 700 °C and 800 °C.

3. RESULTS AND DISCUSSION

Figure 1. TEM graph of the BCZSm via a sol-gel method.

Fig.1 is the TEM graph to show the size of BCZSm grains. The TEM results show that many
electrolyte particles were uniformly distributed. The reason is that the BCZSm electrolyte powder

prepared by sol-gel method had a small particle size. Fig.1 indicates that the particle size of the
BCZSm was 15-25 nm [7-8].
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Figure 2. TGA-DSC curve of the BCZSm precursor from room temperature to 1000 °C.
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Fig. 2 shows thermal decomposition of the BCZSm precursor during heating. The weight loss
near 100°C was due to the heated dehydration and volatilization of the physically adsorbed water or
other substances. The sharp exothermic peak at 288.6°C was caused by the decomposition of nitrates
and organic compounds. The weak exothermic peak at 600-800°C was due to the process of
continuous decomposition of nitrate. The weight hardly changed from 970°C, which indicates the
formation of BCZSm crystal phase. Therefore, the first sintering temperature was 1100°C [22].

X-ray Diffraction patterns of Lao.sSro.4FeosNbo.10s (1000 °C, 1150 °C), BaCeo.7Zr0.2Smo.103-q
(1400 °C) and NiO-BCZSm are shown in Fig. 3. It can be seen that the Lao.sSro.sFeo.sNbo103 cathode
sample calcined at 1000 °C for 5 h formed a single-phase structure [14-15]. The spectrum of
BaCeo.7Zro.2Smo.103-« (1400 °C) powder had a perovskite structure similar to that of BaCeOs. This
indicates that Zr and Sm can well replace Ce in the lattice structure. It can be seen that a composite
structure of BaCeo.7Zr0.2Smo.103-¢ and NiO formed in the sample of NiO-BCZSm anode.
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Figure 3. XRD patterns of Lao.sSro.4FeosNbo.103 (1000 °C, 1150 °C), BaCeo.7Zro.2Smo.103-« (1400 °C)
and NiO-BCZSm.
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Figure 4. The surface and cross-sectional SEM photos of Lao.sSro.aFeo.oNbo10s (1150 °C) and cross
section of thin film fuel cell.

The surface and cross-sectional SEM photos of LaosSro.sFeosNbo10Os (1150 °C) and cross
section of the thin-film fuel cell are shown in Fig. 4. The LSFNb cathode exhibited a homogeneous
and appropriately porous microstructure. Fig. 4(c) is a SEM photograph of the cross section of the
thin-film fuel cell (LSFNb / BCZSm / NiO-BCZSm) made of the LSFNb cathode, BCZSm electrolyte
and NiO-BCZSm anode sintered at 1000 °C for 2 h [11-12]. It can be seen that the interface between
the cathode material and electrolyte was well bonded. The BCZSm film was continuous and compact
with a thickness of 18um.
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Figure 5. AC impedance diagrams of thin film fuel cell (LSFNb / BCZSm / NiO-BCZSm) under open-
circuit conditions at 700 °C and 800 °C.

Fig. 5 shows the impedance spectra of the thin-film fuel cell (LSFNb / BCZSm / NiO-BCZSm)
under open-circuit conditions at 700 °C and 800 °C. With the increase of temperature, the ochmic and
polarization resistance decreased gradually. Total ohmic resistance is the high-frequency intercept of
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impedance spectrum. The different values between high and low frequencies of the semicircle are the
polarization resistance (Rp). The Rp of the thin-film fuel cell (LSFNb / BCZSm / NiO-BCZSm) under
open-circuit conditions at 700 °C and 800 °C were 0.22 Q-cm? and 0.16 Q-cm?, respectively.
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Figure 6. I-V-P curves of the Hz2/Oz2 fuel cells for thin film fuel cell (LSFNb / BCZSm / NiO-BCZSm)

at 700 °C and 800 °C.
Table 1. The highest power densities of LSFNb / BCZSm / NiO-BCZSm and similar cathodes in the
literatures.
cathodes Highest power densities
Lao.6Sro.4Fe0.9Nbo.103 (LSFNb) 182.6 mW-cm2, 800 °C, H: as fuel in this work
(Lao.6Sro.4)0.9C00.2Fe0.6Nb0.203-« 126 mW-cm2, 800 °C, CHj4 as fuel [17]
La0.4Sr0.6C00.2Fe0.7Nb0.103-« 54 mW-cm2, 850 °C, H: as fuel [20]
Lao.9Cao.1Fe0aNbo.103- 322 mW-cm2, 800 °C, Hz as fuel [19]

Fig. 6 shows the I-V-P curves of the H2/O2 fuel cells for the thin-film fuel cell (LSFNb /
BCZSm / NiO-BCZSm) at 700 °C and 800 °C. The cell using BCZSm as the electrolyte reached the
highest power densities of 109 mW-cm? and 182.6 mW-cm at 700 °C and 800 °C, respectively.
Meng et al. assembled a Ni-YSZ/Y SZ/Lao.sSro.2Mn0Os-5-YSZ fuel cell and obtained approximately 100
mW-cm? at 700 °C [27]. The power output of ours was higher than those of
(La0.6Sr0.4)0.9C00.2Fe0.6ND0.203-o (800 °C) using CH4 as fuel [17] and Lao.4Sro.6C00.2Fe0.7Nbo.103-« (850
°C) [20], however, it was lower than Lao9Cao.1Feo.aNbo.10s-« (800 °C) [19] under the same condition
(Table 1). This can be ascribed to the different cathode types. It shows that LSFNb has good catalytic
activity and is suitable for medium temperature fuel cells.
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4. CONCLUSIONS

In this study, a thin-film fuel cell of LSFNb / BCZSm / NiO-BCZSm was assembled using a
novel cobalt-free Lao.sSro.sFeooNbo.1O3s (LSFNb) cathode material. The XRD analysis indicated that
LSFNb and BCZSm formed a single-phase structure. The SEM photos of LSFNb cathode exhibited a
homogeneous and appropriately porous microstructure. The BCZSm film was continuous and compact
with a thickness of 18um. The polarization resistances of the thin-film fuel cell under open-circuit
conditions at 700 °C and 800 °C were 0.22 Q-cm? and 0.16 Q-cm?, respectively.
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