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Abstract The over-exploitation and over-utilization of fossil fuel resources such as petroleum and coal has aggravated energy
and environment problem in the 21st century, and urged the development of highly-efficient and cost-effective energy conversion and
storage devices to become the research topic of this new era. Among many candidates of energy conversion and storage devices,
metal-air batteries and intermediate-low temperature solid oxide fuel cells can efficiently convert chemical energy into electric energy,
and enjoy the advantages of low cost, high efficiency and environmental friendliness. Hence, they have provoked intensive and fruitful
research endeavors with amazing achievements over the past decade. However, the sluggish kinetics of the oxygen reduction and evo-
lution reactions greatly reduces the energy conversion efficiency, and consequently increases the application cost and severely hinders

the commercialization of these two devices. Cobalt-based electrocatalysts, as highly efficient cathode materials with lower cost than
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noble metals, feature mixed ionic and electronic conductivity which can effectively reduce polarization and contribute to high catalytic
activity for oxygen reduction and evolution reactions. and thereby have been holding growing interest recently.

For metal-air batteries, cobalt-based electrocatalysts such as simple oxides, spinel oxides, perovskite oxides, and others can sig-
nificantly improve the discharge capacity and cycle life, and simultaneously, lower the charge voltage and polarization. On the other
hand, the catalytic activity and stability need to be further enhanced, and the catalytic mechanisms and active sites deserve further
rational exploration and ascertainment. Similarly, cobalt-based electrocatalysts including La; ., Sr, CoO; 5, La; . Sr,Co; ,Fe, O3 4,
Ba; , Sr,Co,Fe; ,O; s and cobalt-based double perovskites show evident efficacy in reducing the cathode polarization resistance and
area specific resistance as well as increasing the power density, while nonetheless sustaining a generally higher thermal expansion
coefficient and a rather poor stability compared to some other competitors.

To further improve the catalytic performance of cobalt-based electrocatalysts for metal-air batteries and intermediate-low tempe-
rature solid oxide fuel cells, researchers have developed many useful and productive methods, exemplified by metal elements doping,
composite cathode materials preparation, and noble metals decoration.

This review provides a brief introduction of the structure and working principle of metal-air batteries and intermediate-low tem-
perature solid oxide fuel cells, and a vivid description upon the latest attempts and achievements for the fabrication, modification and
performance of the rich variety of cobalt-based electrocatalysts, mainly including simple oxides, perovskites oxides, spinel oxides and
double perovskites.

Key words metal-air battery, intermediate-low temperature solid oxide fuel cell, cobalt-based electrocatalyst, cobalt oxide,

spinel oxide. perovskite oxide. cobalt-based double perovskite
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(¢) the decay of cycle stability™®*
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(a) Nitrogen adsorption-desorption isotherms of M-CuCo, O, and B-CuCo, O, ; (b) discharge/charge profiles of Li-O,

batteries with B-CuCo, O, and M-CuCo, O, at 100 mA « g '; (¢) cycles of Li-O; batteries with B-CuCo, O,

and M-CuCo, O, under limited capacity of 500 mA « h* g ! at 0.114 mA + cm 2
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Table 1 The comparison of various typical catalysts’ performance in MAB
Catalysts Discharge capacity Discharge voltage Charge voltage Cyele life Ref.
mA +heg! A% A%
Co; O,-KIT-6-40 2 250 2.85 3.5 [30]
Co; O, 2 900 2.6 4.2 [32]
Co; O, 2 000 2.6 4 [33]
Co; O, NWs/SP 9 764.7 2.7 3.9 61 [35]
Co; O, NPs/SP 11 160.8 2.7 3.9 73
CNT/Co; O, 1450 2.5 4 [38]
Co;0,/C 760 2.5 4 20 [39]
CoO/CMK-3 1021 2.6 4.15 15 [40]
rGO/CoO 994 0.75 2.2 750 [42]
BM LSC 1000(24 h) 3 256 2.54 4.26 43 [45]
Lag s Srp; CoOy. 7 205 2.65 4.15 85 [46]
HPN-LSC/KB 5 799 2.73 3.87 [47]
LaysSrs CoOy. 11 059 2.7 4 [52]
Lay Sre, Cogo Mn,, O3 /Super P 3107 2.74 4 53 [54]
M-CuCo, O, 5 288 2.52 4.29 85 [55]
B-CuCo, O, 2 059 2.63 3.89 20
NiCo, O, 1 560 2.65 3.85 10 [56]
FeCo, O, 2 350 2.67 3.96 40 [58]
ZnCo, O, 2 381.7 2.61 4.08 40
MnCo, O, 1 334.9 2.61 4.1 40
NiCo, O, 1491.6 2.5 4.03 40
CoMn; O, 3000 2.5 3.9 [62]
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Fig.10 (a) The electrical conductivity data as a function of temperature in air; (b) variation of oxygen content as a function of

temperature in air; (c) impedance spectra and fitted Nyquist plots measured under an open-circuit condition at 600 °C in

air for a La;_, Sr, CoO; ,GDC (+=0.2,0.3,0.4,0.5,0.6,0.7) cathode®*
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Electrochemical performance data of the LnySr,, CoO;—45/LSGM/Ni-GDC single cells at 800 ‘C ;. (a) variation

of the I-V curves (open symbols) and power densities (closed symbols) ; (b) variation of cathode overpotential;

(o) temperature dependence of the electrical conductivity in air"*!
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Fig.12 Polarization performance of a SOFC with the in situ assembled LSCF cathode as a function of polarization

time at 250 mA * cm™

* and 650 °C for 100 h: (a) polarization curves, (b) stability curve, and

(¢) impedance curves measured at open circuit (numbers in (¢) are frequencies in Hz)'%
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Fig.13 (a) The cross-section of a single symmetric cell before

CuO infiltration with porous electrodes (10—15 pm in
thickness); (b) infiltration of CuO introduced dense and
uniform nanoparticles decoration distributed on the

cathode surface'"
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Fig.14

Impedance spectra of symmetrical cells infiltrated with CuO plus a reference non-infiltrated sample measured before and

after aging 150 hours at (a) 500 °C and (b) 650 C; the ASR of CuO infiltrated LSCF/GDC increased during
aging at (¢) 500 °C and (d) 650 CM"
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Fig.18

I-V and I-P curves of the Ni-SDC|SDC|LnBCN single cells with dry H; as the fuel and ambient air as the

oxidant in the 600 °C to 800 ‘C temperature range: (a) PrBCN; (b) NdBCN; (¢) SmBCNH*!
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Table 2 The comparison of various typical cathodes’
performance in ILT-SOFC
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