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Overview

Aqueous Zn–Mn flow batteries (Zn–Mn FBs) are a potential candidate for large-
scale energy storage due to their high voltage, low cost, and environmental
friendliness.Are zinc–manganese dioxide batteries cathode-free?

Authors to whom correspondence should be addressed. Zinc–manganese
dioxide (Zn–MnO 2) batteries, pivotal in primary energy storage, face
challenges in rechargeability due to cathode dissolution and anode corrosion.
This review summarizes cathode-free designs using pH-optimized electrolytes
and modified electrodes/current collectors. 

Can manganese dioxide be used as a cathode for Zn-ion batteries?

In recent years, manganese dioxide (MnO 2)-based materials have been
extensively explored as cathodes for Zn-ion batteries. Based on the research
experiences of our group in the field of aqueous zinc ion batteries and
combining with the latest literature of system, we systematically summarize
the research progress of Zn−MnO 2 batteries. 

Are alkaline zinc-manganese dioxide batteries rechargeable?

Nature Communications 8, Article number: 405 (2017) Cite this article
Although alkaline zinc-manganese dioxide batteries have dominated the
primary battery applications, it is challenging to make them rechargeable.
Here we report a high-performance rechargeable zinc-manganese dioxide
system with an aqueous mild-acidic zinc triflate electrolyte. 

What is a zinc–manganese battery?

Zinc–manganese batteries are typically dry cells that can be bought from
supermarkets. The evolution from non-rechargeable zinc–manganese dry cells
to zinc–manganese flow batteries (Zn–Mn FBs) signifies a crucial step towards
scalable and sustainable energy storage. 

Are aqueous-based manganese dioxide (MNO 2 )-zinc (Zn) batteries a
challenge?
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Batteries capable of challenging the market dominance of Li-ion and Pb-acid
batteries will need to be low cost, safe, and energy dense. This article
presents a possible challenger that meets these criteria — an aqueous-based
manganese dioxide (MnO 2 )-zinc (Zn) battery. 

Is manganese dioxide semi-solid a flowable electrode for a zinc-manganese
dioxide flow battery?

Flow battery architecture is suitable for this purpose because it allows the
energy components to be scaled independently from the power components.
We explored the technical and economical feasibility of manganese dioxide
semi-solid as flowable electrode for a zinc-manganese dioxide flow battery
system using experimental methods and cost modeling.
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Zinc manganese dioxide flow battery

  

Rechargeable Manganese
Dioxide-Zinc Batteries 

4 days ago · Batteries capable of
challenging the market dominance of Li-
ion and Pb-acid batteries will need to be
low cost, safe, and energy dense. This
article presents a possible ...

  

Improving performance of
zinc-manganese battery
via ...

Apr 1, 2022 · Aqueous zinc-manganese
batteries with rapid development are
faced with many issues, such as
insufficient capacity and low energy
density. Here, the ef...

  

From Charge Storage
Rulebook Rewriting to
Commercial Viability of
Zinc  

Jul 2, 2025 · Aqueous zinc-manganese
oxide (Zn-MNO) batteries represent a
compelling solution for grid-scale energy
storage due to their inherent safety, cost-
effectiveness and ecological ...
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A highly reversible neutral
zinc/manganese battery for
...

Nov 14, 2019 · Abstract Manganese (Mn)
based batteries have attracted
remarkable attention due to their
attractive features of low cost, earth
abundance and environmental
friendliness. ...

  

Rechargeable aqueous zinc-
manganese dioxide
batteries ...

Sep 1, 2017 · Although alkaline zinc-
manganese dioxide batteries have
dominated the primary battery
applications, it is challenging to make
them rechargeable. Here we report a
high ...

  

Decoupling electrolytes
towards stable and high-
energy

Article Published: 16 March 2020
Decoupling electrolytes towards stable
and high-energy rechargeable aqueous
zinc-manganese dioxide batteries Cheng
Zhong, Bin Liu, Jia Ding, ...
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Rechargeable alkaline zinc-
manganese oxide batteries
for ...

Jan 1, 2021 · Considering some of these
factors, alkaline zinc-manganese oxide
(Zn-MnO2) batteries are a potentially
attractive alternative to established grid-
storage battery technologies.

  

An energy-storage solution
that flows like soft ...

Nov 30, 2021 · An electrochemical
technology called a semi-solid flow
battery can be a cost-competitive form
of energy storage and backup for
variable sources ...

  

Rescue of dead MnO2 for
stable electrolytic Zn-Mn
redox-flow battery...

Jul 3, 2024 · A metric of mediated
kinetics and the concomitant Fe-
catalysed Mn2+/MnO2 electrolysis
kinetics to rescue dead MnO2 for stable
Zn-Mn redox-flow battery with

  

A key advance toward
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practical aqueous Zn/MnO2
batteries ...

Jan 15, 2025 · Rechargeable aqueous
devices, such as alkaline Zn/MnO2
batteries, hold strong potential for large-
scale energy storage. However, they
face limitations...

  

Aqueous Electrolytic Zinc-
Manganese Dioxide
Batteries  

Rechargeable aqueous zinc-manganese
dioxide (Zn-MnO 2) batteries have been
attracting significant attention owing to
their advantages of low cost, high safety
and ease of ...

  

Technology Strategy
Assessment 

Jul 19, 2023 · About Storage Innovations
2030 This technology strategy
assessment on zinc batteries, released
as part of the Long-Duration Storage
Shot, contains the findings from the ...

  

In-situ positive electrode-
electrolyte interphase ...
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Mar 4, 2025 · Mn dissolution and
unwanted byproducts result in capacity
fading of MnO2-based aqueous zinc
batteries. Here, authors report an in situ-
formed ...

  

Direct Integration of Spent
LiMn2O4 with High Voltage
Aqueous Zinc  

Mar 11, 2025 · Direct Integration of
Spent LiMn 2 O 4 with High Voltage
Aqueous Zinc-Manganese Redox Flow
Batteries as a Practical Upcycling
Process

  

Review of zinc-based
hybrid flow batteries: From
fundamentals ...

Jun 1, 2018 · Zinc-based hybrid flow
batteries are one of the most promising
systems for medium- to large-scale
energy storage applications, with
particular advantages in terms of cost,
cell ...

  

A rechargeable aqueous
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manganese-ion battery
based on  

Nov 30, 2021 · Multivalent metal
batteries are considered a viable
alternative to Li-ion batteries. Here, the
authors report a novel aqueous battery
system when manganese ions are
shuttled ...

  

Optimized preparation of
delta-manganese oxide for
energetic zinc  

Feb 28, 2025 · Manganese oxide (MnO 2)
with remarkable advantages of high-
safety, low-cost, and environmental
friendliness has attracted much attention
as a cathode material in ...

  

Low-cost manganese
dioxide semi-solid
electrode for flow batteries

Nov 17, 2021 · We explored the
technical and economical feasibility of
manganese dioxide semi-solid as
flowable electrode for a zinc-manganese
dioxide flow battery system using ...

  

Recent Advances in
Aqueous Zn,,MnO2
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Batteries 

Jan 27, 2024 · Recently, rechargeable
aqueous zinc-based batteries using
manganese oxide as the cathode (e.g.,
MnO 2) have gained attention due to
their inherent safety, environmental ...
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