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Sustainable and biocompatible Zn-based batteries
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Next-generation and functional battery
technologies beyond the Li-ion are
emerging [1]. Sustainable and biocom-
patible batteries are needed for certain
applications, including implantable
medical devices [2]. Zinc-based batteries
(ZBs) are encouraging technologies with
low cost, high theoretical capacity and
high safety features [3]. An increasing re-
search interest has been attracted on de-
veloping ZBs to power flexible and wear-
able electronics [4]. Nevertheless, there
was almost no research to consider the
biocompatibility and biosecurity of ZBs.

Issues are existing such as limited en-
ergy density and poor stability of cur-
rent ZBs. To make bio-integrated de-
vices, the fabrication of each component
in ZBs should be carefully considered,
and the strict in vivo requirements should
be met. The electrolyte is an essential
component to realize biocompatibleZBs.
Several candidates were proposed to im-
prove the electrolyte performance, such
as electrolyte additives,water-in-salt elec-
trolytes,molecular crowding electrolytes,
and polymer electrolytes [5]. Among
them, polymer electrolytes will provide
the programmability for biocompatible
ZBs. However, challenges still need to
be overcome including replacing toxic
chemical reagents or initiators and gener-
ating green synthesis strategies.

In a recent study led by Prof. Jiang
Zhou from Central South University,
a novel Zn-alginate polymer electrolyte
was prepared through an electro–cross-
linking process without using any toxic
chemical initiators or reagents [6]. Im-
portantly, this polymer electrolyte can re-
alize a high ionic conductivity through
a well-aligned ionic pathway and ad-

Figure 1. (a) The implantable zinc battery composed of a MnO2 cathode, a Zn wire anode, and
the as-designed Zn–Alg-5 electrolyte. (b) Schematic diagram of biocompatible applications using
rabbits as an illustration.

justable thickness due to easily controlled
electro–cross-linking time. As for an op-
timized fabrication, a uniform and dense
polymer electrolytewas directly prepared
on the Zn wire anodes within 80 s and
formed a composite (i.e. Zn–Alg-5). To
assemble full ZBs, MnO2 cathodes were
twined onto the Zn–Alg-5 polymer elec-
trolyte (Fig. 1a).

The as-fabricated ZBs exhibited
excellent electrochemical performances,
which were comparable to the ones
in aqueous electrolytes. The full cells
delivered a high-capacity retention, a
good rate capability and an excellent sta-
bility. In addition, wire-shaped ZBs were
fabricated in larger scales and the defor-
mation (the change of bending angles)
of ZBs had almost no influence on the
battery performance. In this work, Zhou
et al. also studied thoroughly the charge
storage mechanism and excellent per-
formance. A similar diffusion-controlled
charge storage process of ZBs with Zn–
Alg-5 electrolyte was observed compared
with the ones in the liquid electrolyte.
Especially, biosafety studies of the ZBs
in vivo were conducted compared with

typical Li, Na-ion batteries with organic
electrolytes and ZBs with the aqueous
electrolyte. All batteries were placed in
the gastric mucosa of rabbits for 6 hours.
Impressively, the smallest damaged
area of the tissues was observed for ZBs
with Zn–Alg-5, due to the inherently
biocompatible materials in as-designed
ZBs (Fig. 1b).

This study is a milestone to push for-
ward the development of implantable
and biocompatible ZBs. In the future, re-
search can be focused on analysing the
biocompatibility of ZBs for longer peri-
ods, and discussing the in vivo toxicity
of different components, including cath-
odes, Zn anodes, electrolytes and packag-
ing materials, in ZBs. More bio-friendly
materials can be developed. In addition,
the packaging and recycling of the bio-
compatible ZBs need to be systemat-
ically studied to further improve their
sustainability.
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