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In this paper, a novel cobalt-free cathode of BaosSrosFeosMno20s3.. (BSFMn) and electrolyte of
BaZro.1Ceo.7Y 0203« (BZCY) were prepared by nitrate citric acid method. A single cell of NiO-BZCY
| BZCY | BSFMn was assembled by a simple and effective slurry spin coating method and its Hx/air
fuel cell performance was also tested. The BSFMn, BZCY and NiO-BZCY were analyzed by X-ray
diffraction (XRD). And a single cell after testing was analyzed using scanning electron microscopy
(SEM). The maximum output power densities of NiO-BZCY | BZCY | BSFMn were 216 mW-cm,

351 mW-cm and 500 mW-cm at 600 °C, 650 °C and 700 °C, respectively.
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1. INTRODUCTION

A solid oxide fuel cell (SOFC) is an efficient and low pollution device that converts chemical
energy into electrical energy [1-6]. SOFCs consist of an anode, electrolyte, cathode and connecting
material. As the core component of the fuel cell, the solid electrolyte must meet the requirements of
high ionic conductivity, compactness and structural stability [7-12]. In recent years, ZrO» based, CeO>
based electrolytes with fluorite structures and ABOs electrolytes with perovskite structures have
mainly been used. Among them, BaZroi1Ceo7Y0.203.« perovskite-type oxide has attracted much
attention as it reduces the operating temperature of the fuel cell to 500-800 °C and has excellent
properties.

The working condition of the cathode is different from that of the electrolyte, with a high
temperature oxidation atmosphere and requiring high electronic conductivity, adequate porosity and
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high catalytic activity. At present, the most studied are ABO3z, AA'B20s and A2BO4 type cathodes.
Cobalt-containing cathode materials such as Bai—xCoo.7Feo.2Ni0.1O03-0, and BaxSr1-xC00.8Nbo.20s.. have
excellent electrochemical performance and high electrocatalytic activity [13-15]. However, these
cobalt-containing cathodes have poor chemical stability, easily volatilize at high temperature, have a
mismatched coefficient of thermal expansion and are expensive, etc. In order to overcome the
problems brought about by these shortcomings, many researches have turned to cobalt-free cathode
materials [16-20].

In this paper, BaosSrosFeosMno203., (BSFMn) and BaZro.1Ceo7Y0203, (BZCY) were
prepared by the nitrate citric acid method. The anode supported BZCY electrolyte semi-cell was
prepared by a simple and effective slurry spin coating method. A single cell of NiO-BZCY | BZCY |

BSFMn was assembled and its Ho/air fuel cell performance was tested.

2. EXPERIMENTAL

Cobalt-free cathode material, BaosSrosFeosMno203., (BSFMn), was prepared by the nitrate
citric acid method. Stoichiometric raw materials of Ba(NOs)2, Sr(NOs)2, Fe(NO3)3-9H.O and
Mn(NOz)2-4H,0 were dissolved in deionized water to form a nitrate solution of metal salts. Citric acid
was added as a complexing agent. The ratio of total metal cations and citric acid was 1:2. The above
solution was placed at 90 °C until a dry gel. After heating, the dried gel was ignited to black fluffy
precursor powder, then calcined at 600 °C and 1000 °C for 2 h and 5 h, respectively, to obtain BSFMn.
Electrolyte of BaZro.1Ceo.7Y0.203.. (BZCY) was prepared by the same method. After being calcined at
1100 °C for 10 h, BZCY was obtained.

The BZCY powder prepared above was mixed with nickel oxide, and a certain amount of
activated carbon and starch were added as a pore forming agent. The weight ratio was BZCY : NiO :
activated carbon : starch = 35 : 65 : 5 : 5. After being pressed and calcined at 1000 °C for 2 h, the
anode support of NiO-BZCY was obtained. The prepared electrolyte slurry of BZCY was covered on

the polished anode support by a spin coating method. After calcination at 1400 °C for 5 h, a semi-cell
of NiO-BZCY | BZCY was prepared. Finally, the prepared cathode slurry of BSFMn was coated on

the semi-cell and burned at 950 °C for 2 h to obtain a sandwich type fuel cell: NiO-BZCY | BZCY |

BSFMn.

The precursor powder of the cathode material was analyzed by transmission electron
microscopy (TEM). The BaosSrosFeosMng203., (BSFMn), BaZro1Ceo7Y0203., (BZCY) and NiO-
BZCY were analyzed by X-ray diffraction (XRD). SEM photos of sintered BaosSrosFeosMno203.4
(BSFMn), BaZro.1Ceo.7Y0203.. (BZCY) and single cell after testing were analyzed. The electrode
surfaces of single cell were coated with 0.5 cm? silver-palladium paste and sealed at 900 °C for 0.5 h.
Air was introduced into the cathode chamber as an oxidant and hydrogen was introduced into the
anode. The AC impedance spectra and performances of the fuel cell at 600 °C, 650 °C and 700 °C
were tested.



Int. J. Electrochem. Sci., Vol. 15, 2020 11949

3. RESULTS AND DISCUSSION

Figure 1. TEM photo of the precursor powder of BSFMn.

Fig.1 is a TEM photo of the precursor powder of BSFMn prepared by the nitrate citric acid
method. Metal ions and citric acid complex well. The powder has uniform particle size of about ten

nanometers, and there is no obvious agglomeration phenomenon.
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Figure 2. XRD patterns of (a)Bao.sSrosFeosMno203.. (BSFMn), (b)BaZro.1Ceo7Y0.203.« (BZCY) and
(c)NiO-BZCY.

X-ray diffraction patterns of BaosSrosFeosMno203. (BSFMn), BaZro.1Ceo.7Y0203.« (BZCY)
and NiO-BZCY were analyzed and are shown in Fig. 2. It can be seen that the single perovskite
structure of BSFMn is formed after sintering at 1000 °C for 5 h. The single perovskite structure of
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BZCY is also obtained after the electrolyte film was sintered at 1400 °C for 5 h. Fig. 2(c) is the XRD
pattern of anode support, where the symbol * indicates the diffraction peaks of nickel oxide. No other
new peak is found in the anode support, indicating that NiO and BZCY have good chemical
compatibility and no new material is produced [21].
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Figure 3. SEM photos of sintered (a)BaosSrosFeosMno203., (BSFMn), (b)BaZroi1Ceo7Y0203-q
(BZCY) and (c)single cell after tested.
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Figure 4 (a)AC impedance spectra of single cell (NiO-BZCY | BZCY | BSFMn) at 600 °C, 650 °C

and 700 °C. (b) relationship between polarization impedance (Rp), electrolyte impedance (Ro)
and total impedance (Ry) with temperature under open circuit condition.

SEM photos of sintered BaosSrosFeosMno 203« (BSFMn), BaZro1Ceo7Y0.203.. (BZCY) and
single cell after testing are shown in Fig. 3. Fig. 3(a) is the SEM photo of the cross-section of BSFMn
after being sintered at 1000 °C for 5 h. The BSFMn has good compactness with only a few small pits
and no through holes. Fig. 3(b) is the SEM photo of the electrolyte film surface. It is obvious that the
BZCY film is dense and flat with a few pits. The grain growth is good and the diameter is about 3-5
um. Fig. 3(c) shows the cross-section photo after single cell test. The thickness of the BZCY film is
about 40 um. the electrolyte section is dense and uniform and it is closely combined with the electrode.
Both the anode support and cathode are porous, which greatly increases the interface phase reaction
[22-23].

Polarization impedance is one of the important factors for the excellent performance of fuel
cells. In order to evaluate the performance of BSFMn in a solid oxide fuel cell (SOFC), AC impedance
spectra of single cell (NiO-BZCY | BZCY | BSFMn) at 600 °C, 650 °C and 700 °C under an open
circuit condition were tested and are shown in Fig. 4. In Fig. 4(a), the intercept of the low frequency
part on the real axis is generally considered as the total resistance (R:), while the high frequency part on
the real axis represents the electrolyte impedance (Ro). The difference between the two represents the
polarization impedance (Rp). In Fig. 4(b), the electrolyte impedances (R,) are 0.816 Q-cm?
0.604Q-cm? and 0.469 Q-cm? at 600 °C, 650 °C and 700 °C, respectively. The polarization
impedances (Rp) are 0.526 Q-cm?, 0.343 Q-cm? and 0.16 Q-cm?, correspondingly. Our results are less
than those of Ding et al., which polarization impedance of NiO-BZCY | BZCY | Ndo.7Sro3MnOs-,
single cell were 0.72 Q-cm?, 0.5 Q-cm? and 0.17 Q-cm? at 600 °C, 650 °C and 700 °C, respectively
[22].
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Figure 5. 1-V and I-P curves of NiO-BZCY | BZCY | BSFMn at 600 °C, 650 °C and 700 °C.

Figure 5 shows the I-V and I-P curves of NiO-BZCY | BZCY | BSFMn at 600 °C, 650 °C and
700 °C. The open circuit voltages are 1.048 V, 1.023 V and 1.011 V, respectively, which are close to
the theoretical values, indicating that the BZCY electrolyte film is very dense. The I-V curves are
linear with the increase of current densities, which indicates that there is almost no electrode
polarization phenomenon. The maximum output power densities are 216 mW-cm2, 351 mW-cm2 and
500 mW-cm at 600 °C, 650 °C and 700 °C, respectively.

4. CONCLUSIONS

In this paper, a single cell of NiO-BZCY | BZCY | BSFMn was assembled by a simple and

effective slurry spin coating method. The XRD patterns indicated that BSFMn and BZCY obtained
single perovskite structures after being sintered at 1000 °C and 1400 °C for 5 h, respectively. The SEM
photo of the BZCY film shows it is dense and the thickness is about 40 um. The polarization
impedance (Rp) of single cell under an open circuit condition were 0.526 Q-cm?, 0.343 Q-cm? and 0.16
Q-cm? at 600 °C, 650 °C and 700 °C, correspondingly. The maximum output power densities of NiO-
BZCY | BZCY | BSFMn were 216 mW-cm, 351 mW-cm and 500 mW-cm™ at 600 °C, 650 °C and

700 °C, respectively.
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