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A novel rechargeable aqueous bismuth-air battery

Xiangran Cheng, Yi Jiang, Jiahe Qu, Chuanfa Li, Kun Zhang, Yanan Zhang, Bingjie Wang' and

Huisheng Peng’

ABSTRACT Aqueous metal-air batteries own the merits of
high theoretical energy density and high safety, but suffer
from electrochemical irreversibility of metal nnndls [CX g.‘

Fe, AL, and Mg) and chemical instability of alkali

to atmospheric CO;. Here, we firstly design a rechargeable
bismuth (Bi)-air battery using the non-alkaline bismuth tri-
flate (Bi{OTf);) aqueous clectrolyte. Bencfitting from the
three-electron reaction and the high potential of +0.32 V vs.
standard hydrogen electrode, the Bi metal anode delivers a
‘high capacity of 383 mA h g and good stability for 1000 cy-
«cles with a Coulombic :ﬂim:nqr of 99.6% in the Bu(O'l'ﬂ,
electrolyte, without and

evolution reaction. Furthermore, the non-alkaline Bi.air bu.t
tery achieves long-term operation stability (>200 h) in ambi-
ent air with the of
bismuth trioxide (Bi;0y). This work sheds new lnsht on the
exploration of novel aqueous metal-air batteries as safe and

stable power supply systems.

Keywords: metal-air battery, bismuth anode, non-alkaline elec-
trolyte, cycling stability

INTRODUCTION
The emerging applications of batteries in electrified transpor-
tation and energy storage demand high energy density, low cost,
and increased safety [1-5]. Aqueous metal-air batteries are
considered as a promising power source owing to the high
theoretical energy density and free-oxygen fuel from atmosphere
[6-9]. To date, several aqueous metal-air batteries using zinc
(Zn), magnesium (Mg), aluminum (Al), or iron (Fe) as the
anode have been reported [10-13]. Unfortunately, these metal-
air batteries still face the challenges of poor reversibility of metal
anode and instability of alkaline electrolyte towards ambient
COy. As presented in Fig. la, the aforementioned metal anodes
have lower potentials than standard hydmgen dt(l'!ndt (SHE),
and usually face inevitable corrosion. g
evolution reaction (HER) in aqueous :Icl:lrolj'l.cs. rtsull:m.g in
low Coulombic cfficiency (CE) and short cycling life (Fig. S1)
[13-15]. Besides, the most commonly used alkaline electrolytes
(typically 30 wt% KOH) are limited by high causticity and fast
r.arbunatm in ambient air, causing undesirsble electrolyte
! and thereby inhibiting their use for prolonged
operation [16-19]. Therefore, it is important to explore novel
non-alkaline metal-air batteries to achieve long-term stability in

ambient air.

Herein, we report a rechargeable bismuth (Bi)-air battery with
non-alkaline bismuth triflate (Bi(OTH),) aqueous electralyte
(Fig. 1b). Owing to the three-clectron redox reaction and high
potential of +0.32 V vs. SHE, Bi metal anode exhibits a high
capacity of 383 mAh g (3748 mA hcm ™) and good reversi-
bility over 1000 cycles with high CE of 99.6% in Bi(OT#), elec-

trolyte, avoiding severe passivation and HER. The non-alkali

Bi-air batteries|
based on the g
deliver a good
novel Bi-air b
inspire new def
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