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Abstract: Increasingly serious environmental pollution and exhausting energy crisis become the biggest obstacle in the
process of sustainable development of human society. As a potential electrochemical energy storage device, zinc-air batteries
(ZABs) received considerable interest in the field of energy storage because of their high energy density and environmental
friendliness. However, the sluggish kinetics of the oxygen reduction and oxygen evolution reactions limit the commercial
development of ZABs, so there is an urgent need to develop efficient and low-cost non-noble metal bifunctional catalysts.
Electrospun one-dimensional (1D) nanofibers with unique properties such as high porosity and large specific surface area
have a profound impact on providing more active sites, shortening the diffusion pathways for ions/electrons, and improving
the kinetics vis-a-vis intercalation/de-intercalation of the active substrate, which endow them with promising application in
the field of energy storage devices, especially ZABs. This review first introduces the electrospinning technique and the oxygen
reduction/evolution reaction activity of electrospun nanofibers with a self-supported structure, as well as the application of
electrospun nanofibers in the liquid and flexible solid-state ZABs, which would demonstrate the superiority of electrospinning
technique towards ZABs. Finally, the remaining challenges and research directions of ZABs based on electrospun nanofibers
electrocatalysts are shortly discussed.
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Fig. 1 Schematic diagram of the fundamental setup for preparing ultra-fine fibers by electrospinning (a) %! | application of flexible solid-

state ZABs based on electrospun nanofibers electrocatalysts like wearable electronic devices (b)[?*) and liquid ZABs based on

electrospun nanofibers electrocatalysts like zinc-air electric vehicles (c, d)
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Fig. 2 Micrographs of solid structure(a) (%" | core/shell structure(b) "2} | hollow structure(¢) [?) | macroporous structure (d) 1] | tube-in-

tube structure (e) 2!

and complex tube-in-tube structure (f) 32! of electrospun nanofibers under different operational parameters
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Table 1 ORR and OER performances of recently reported electrospun nanofibers for powder electrocatalysts

Catalyst E /V E,,/V Ei_o/V AE/V n References
CMO/S-300 0.92 0.76 1.70 0.94 3.91 [29]
N, F,P tri-doped carbon nanofibers — 0.80 1.67 0.87 2.46 [32]
FeCo@ MNC — 0.86 1.47 0.61 3.87 [33]
NCO-A, 0.93 0.78 1.62 0.84 4.00 [34]
CMS/NCNF 0.97 0.86 1.73 0.87 4.00 [35]
FeCo-NCNFs-800 0.91 0.82 1.69 0.87 3.91 [36]
PrBa 5Sr; sCo,_ Fe Og,s-NF — 0.69 1.53 0.84 3.80 [37]
LaNij ¢sMg 1505 0.82 0.69 1.68 0.99 3.40 [38]
NCNF-1000 0.97 0.82 1.84 1.02 4.00 [39]
FeNi/N-CPCF-950 — 0.86 1.59 0.73 3.98 [40]

Eer» E1/2, and n denote ORR onset, half-wave potential and electron transfer number. E,_ |, is the required potential to reach an OER current density of

10 mA sem™. AE=E,_~E,,
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Table 2 ORR and OER performances of recently reported electrospun nanofibers for self-supported electrocatalysts

E ../V

Catalyst onset E,/V E_\/V AE/V n References
Nil MnO/CNF — 0.83 1.58 0.75 4.00 [27]
CuCo,S, NSs@ N-CNFs 0.96 0.82 1.55 0.73 3.99 [28]
Co;0,_, HoNPs@ HPNCS-60 — 0.83 1.57 0.74 4.00 [41]
Co SA@ NCF/CNF — 0.88 1.63 0.75 4.00 [42]
CoNCNTF/CNF 0.97 0.86 1.61 0.75 3.90 [43]
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Fig. 3 SEM image of Co SA@ NCF/CNF(a), ORR polarization curves of different catalysts recorded at 1600 r/min with 10 mV -s™'(b), OER

polarization curves of different catalysts recorded at 5 mV -s™'(¢) , the potential gap (AE) between the E,,, of ORR and E;_y of OER

for different catalysts(d) [42]
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Fig. 4 Schematic configuration of rechargeable liquid ZABs(a); Polarization curves and power density curves of liquid ZABs based on

LaNi g5 Mg 1505 and LaNiO; air electrode catalysts(b) , photograph of an indicator light LED screen showing the “BINN” powered
by two liquid ZABs with the LaNi, 4sMg, ;505 air-cathode connected in series(c) , galvanostatic pulse cycling at 10 mA -cm™2 with a

duration of 30 min per cycle of different cathodes(d) [3*!
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Table 3 Performances of recently reported liquid ZABs based on electrospun nanofibers electrocatalysts

Cycling current density  Discharge

Catalyst Charge voltage/V ~ Voltage gap/V ~ Cycling stability References

/(mA -em™) voltage/V
NilMnO/CNF 10 1.20 2.13 0.93 350 cycles [27]
CMO/S-300 5 1.25 1.93 0.67 120 cycles [29]
N,F,P tri-doped carbon nanofibers 10 1.25 2.00 0.75 200 cycles [32]
FeCo@ MNC 20 1.00 1.90 0.90 24 h [33]
NCO-A, 20 1.84 1.00 0.84 50 cycles [34]
CMS/NCNF 10 1.14 2.13 0.98 100 h [35]
FeCo-NCNFs-800 10 1.16 2.03 0.87 41.7 h [36]
PrBa 5Sr; s Co,_, Fe, Os, s-NF 10 1.10 2.10 1.00 150 cycles [37]
LaNig 45 Mgy 150 10 1.18 2.10 0.92 110 h [38]
NCNF-1000 10 1.20 1.93 0.73 500 cycles [39]
FeNi/N-CPCF-950 10 1.22 1.99 0.76 960 cycles [40]
N-Co/CNF-300-10 10 1.25 2.00 0.74 100 cycles [44]
Zn/Co-N@ PCNF's-800 10 1.10 2.10 1.00 18 h [45]

FETFIZMEFN RS ZABs B AL T 2R NI R B4R R (45 mW -em ™), TEFEHCBAERRINEL A R R 4/
JEE IR P A i Y HL 5 BE (150 mA - em ™) R 5 1) MYAT It A (0. 92 V), I HAEZLTT 110 h 1R E HE
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Fig. 5 Schematic configuration of rechargeable flexible solid-state ZABs(a) ; a phone charged by a cloth (h) and an LED watch powered by the

cloth (c¢) knitted with flexible solid-state ZABs'**/. The discharge polarization curve and the power-current density curve of CoNCNTF/

CNF-based solid-state ZABs(d) , homemade all-solid-state flexible ZABs working under different bending conditions(e~h) , galvanostatic

discharge-charge cycling curves at 0.5 mA +cm™2 of the flexible all-solid-state ZABs with different air electrodes, respectively (i) [+
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Table 4 Performances of recently reported flexible solid-state ZABs based on electrospun nanofibers electrocatalysts
Catalyst Cyd;gmc:rf(‘f:j‘;mity ?01; :2:?\6[ Charge voltage/V  Voltage gap/V  Cycling stability ~ References

CuCo,S, NSs@ N-CNFs 5 1.30 2.10 0.80 300 cycles [28]
CMO/S-300 1 1.20 1.70 0.50 10 h [29]
CMS/NCNF 5 1.20 1.93 0.73 7h [35]
NCNF-1000 2 1.00 1.78 0.78 48 cycles [39]
Co;0,_, HoNPs@ HPNCS-60 3 1.20 1.73 0.53 50 cycles [41]
Co SA@ NCF/CNF 6.25 1.25 1.85 0.60 90 cycles [42]
CoNCNTF/CNF 0.5 1.21 1.50 0.29 68 cycles [43]
Co;0,/MWCNT 0.5 1.20 2.08 0.88 130 cycles [46]
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