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Abstract Perovskite-type catalytic materials have received wide attention as high-performance and low-cost alternatives to
precious metal catalysts on the market at present, which have much considerable activity and stability as catalysts for oxygen
reduction reactions. Current efforts are mainly focused on the use of perovskite make-up and preparation techniques to influ-
ence elemental composition, morphology, surface area, and structural control. For a typical perovskite oxide (ABO;), due to
the high calcination temperature in the preparation process, the perovskite material usually has a small specific surface area,
which limits the increase of activity in heterogeneous catalytic reactions. In this paper, the perovskite Lag 7Sty 3MnO; (LSMO)
material with large specific surface and high catalytic activity is prepared by means of the SiO, template. The physicochemi-
cal properties of the synthesized materials are characterized by scanning electron microscope (SEM), energy dispersed X-ray
spectroscopy (EDS), X-ray diffraction (XRD) and BET. The catalytic activity of LSMO as an oxygen reduction reaction
(ORR) catalyst is measured by a rotating disk test system. After that, the catalyst material is applied to a flexible alumi-
num-air battery and its discharge behavior and flexibility is studied and tested. The test results show that the LSMO prepared
by template method has a large specific surface area (31.1825 m’eg™"), and pore volume (0.161113 cm’sg™"), and it also
shows higher electrocatalytic activity in the electrochemical test system. When it is used in aluminum-air batteries, the activ-
ity of 3D porous LSMO is significantly better than that of sheet and bulk LSMO. The aluminum-air battery assembled by
LSMO prepared by the template method has a higher discharge voltage (up to 1.46 V) at a constant current. Compared to the
template-free method and the sol-gel method, the discharge voltage in flexible aluminum- air battery can be increased by
8.2% and 24.5%, respectively, and the performance degradation is significantly slowed during high-current discharge. The
specific capacity and energy density of the battery are up to 1048.6 mA<heg ™' and 1020.6 mWsheg ™!, respectively. When the
battery is in a deformed state, its output voltage can be stabilized above 1.38 V. Once released, the voltage can be immediate-
ly restored to over 99% of the initial value. This paper not only provides a solution for the commercialization of fuel cell, but
also provides a new direction for the future development of variable power supply.
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Figure 1 Synthesis route of three LSMO samples
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Figure 2 (a) SEM image and (b) EDS spectrum of SiO, template, SEM
image of (c, d) template method LSMO, (e) template-free method LSMO
and () sol-gel method LSMO
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Figure 3 XRD patterns of three LSMO samples
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Table 1 N, adsorption-desorption test and corresponding pore size
distribution

LR TR/ (mPeg ") FLIAT/ (cm’sg ") fL4E/Mmm

Wik LSMO 31.1825 0.161113 20.6671
TR LSMO 153771 0.080547 29.1404
Ik LSMO 5.0825 0.011301 9.4025
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Figure 4 N, adsorption-desorption test and corresponding pore size distribution
(a, b) template method LSMO; (¢, d) template-free method LSMO; (e, ) sol-gel method LSMO
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Figure 5 Electrocatalytic activity of LSMO samples
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Figure 7 (a) Constant current discharge performance comparison of
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Figure 9 Structure of the aluminum-air battery
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