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BACKGROUND

Aqueous rechargeable zinc-based batteries (ARZBs) are promising candidates for next-generation grid storage and battery-buffered

charging stations due to many characteristics. These include their relative safety, low cost, and high power density.  Researchers have

developed various ARZBs, including Zn-ion batteries, alkaline Zn-based batteries, and Zn-based redox flow batteries, among others. Zinc-

iodine (Zn-I ) redox flow batteries have generated the most interest. These use using ZnI  aqueous solution as an electrolyte and offer

impressive theoretical capacity (211 mAh per gram of iodine, 820 mAh per gram of zinc) and energy density (322 Wh L ). This is thought

to be due to the high solubility of ZnI  (up to 7 M) and multi-electron conversion reactions that occur during charge/discharge. During

charging, metallic zinc is electrodeposited on the anode (Zn  + 2e  → Zn), while iodine is generated at the cathode and spontaneously

transformed into highly soluble triiodide (I ) ions with the presence of iodide (I ) ions (2I  → I  + 2e ; I  + I  →I ). The reverse reactions

occur during discharge.

 

Static Zn-I  batteries (ZIBs) have been designed to overcome many hurdles of flow batteries. A remaining challenge is the self discharge

caused by the shuttling of I  ions to the zinc anode. This results in low Coulombic efficiency. Other strategies to address this challenge

include physically blocking the I  shuttling with an ion selective membrane (e.g. Nafion), but this increases the device cost and inner

resistance. Another alternative is to encapsulate the I2 in microporous carbon and use another solution as an electrolyte. While this results

in improved Coulombic efficiency, the total capacity and energy density are reduced. 

TECHNOLOGY DESCRIPTION

The solution to the problem was a double layered cathode that includes a conductive layer serves as a cathodic current collector and an

adsorptive layer. 

During charging, the oxidation of I  takes place at the interface between the conductive layer and the adsorptive layer. I  in the solution

transfer electrons to the conductive layer and spontaneously form adsorbed I  ions at the absorptive layer interface. Adsorbed I  ions can

diffuse into the bulk structure of the adsorptive layer following the concentration gradient and reexpose the adsorptive layer/conductive

layer interface to collect newly formed I  ions. 

During discharge, adsorbed I  ions will be reduced to I  ions at the interface between the conductive layer and the adsorptive layer.

So the presence of an adsorptive layer can suppress I  shuttling and improve Coulombic efficiency without changing battery capacity.  

In a proof of concept experiement, carbon cloth can be used as the conductive layer, while the adsorptive layer can be any of a number of

materials including conducting polymers such as polypyrrole (PPy), polyaniline (PANi), and poly(3,4-ethylenedioxythiophene) (PEDOT) as

well as metallic comipounds. 
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APPLICATIONS

Rechargeable batteries

Energy storage 

Grid storage 

ADVANTAGES

Improved Coulombic efficiency without loss of capacity
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