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Overview

This research explores the development of advanced metal oxide
supercapacitors, which offer practical solutions for global warming, clean
energy development, and sustainable energy storage.Are transitional metal
oxides a viable energy storage option?

Among the various options available, transitional metal oxides (TMOs) have
emerged as a promising candidates due to their exceptional energy storage
capabilities and affordability. 

Are high entropy oxides promising materials for reversible electrochemical
energy storage?

In this study, to our knowledge for the first time, it is shown that high entropy
oxides are very promising materials for reversible electrochemical energy
storage. The variation of the composition of the oxides allows tailoring the Li-
storage properties of the active material. 

Are metal oxide nanomaterial-based supercapacitors sustainable?

Moreover, this review aims to provide sustainable fabrication of metal oxide
nanomaterial-based supercapacitors with a superior interpretation of the
design and functioning of the device that could serve as guidelines for new
synthesis and fabrication approaches to develop sustainable supercapacitors
for practical applications. 1. Introduction. 

Are metal oxides eco-friendly?

Metal oxides with carbonaceous materials are intensively researched in
composite-based hybrid SCs, as metal oxides are regarded the most abundant
and ecological (eco-friendly) electrode material [, , , , ]. 

Why are metal oxides a good electrode material?

The low cost, environmental friendliness, and accessibility makes the metal
oxides (MOs) as an extensively studied and explored material for SC. They
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have a higher electrochemical stability than carbon materials and a higher
energy density than carbon materials that's why metal oxides are the most
suitable electrode material for SCs. 

Is there a conflict of interest in the study of transitional metal oxides?

The authors declare no conflict of interest. This work is the first to represent
the inaugural investigation of transitional metal oxides from the perspective of
electrochemical energy storage devices. It is noteworthy that the exploration
into. 
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Metal/Metal Oxide
Nanoparticles-Composited
Porous Carbon ...

Jun 1, 2021 · Over the past decade, as a new
type of electrochemical energy storage device,
supercapacitors with the advantages of high
power density and long cyclic stability have ...

  

Materials and design
strategies for next-generation
energy storage...

Apr 1, 2025 · Conventionally used carbon and
metal oxide-based electrodes offer better
electrical conductivity but lower energy storage
capacity; typically, materials with low electrical
...

  

Metal Oxide Cathode Materials
for Electrochemical Energy
Storage...

Jan 1, 1990 · Due to their rather low molecular
weight and their favorable electrochemical and
solid-state properties, first row transition metal
oxides seem to be specially attractive as ...

  

Metal additive manufacturing
of lattice-based orthopedic ...

This scoping review synthesizes recent
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advancements in the design and manufacturing
of metallic additively manufactured lattice-based
orthopedic implants. The review begins with an
in-depth ...

  

Application of MOFs-derived
mixed metal oxides in energy
storage

Dec 1, 2020 · With the development of new
power grids and the popularization of new
energy vehicles, the demand for energy storage
devices is increasing. This demand promotes the
...

  

Recent advances in rare earth
doped metal oxide based ...

We find that the electrochemical performance of
metal oxide nanomaterials can be enhanced by
doping with appropriate rare earth element or
rare earth element oxide hybrid. However, most
...

  

Unlocking Energy Storage with
Metal Oxides

Jun 11, 2025 · From improving battery
performance to enabling innovative applications,
metal oxides play a crucial role in the
development of next-generation energy storage
systems. ...
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Lithium alloys and metal
oxides as high-capacity anode
...

Oct 25, 2013 · Lithium alloys and metal oxides
have been widely recognized as the next-
generation anode materials for lithium-ion
batteries with high energy density and high
power ...

  

Pushing the limit of 3d
transition metal-based layered
oxides ...

Feb 8, 2022 · Review Article Published: 08
February 2022 Pushing the limit of 3 d transition
metal-based layered oxides that use both cation
and anion redox for energy storage Minghao ...

  

Graphene-Metal oxide
Nanocomposites: Empowering
Next-Generation energy  

Mar 1, 2025 · In conclusion, the review
underscores the potential of graphene-based
metal oxide composites as promising materials
for next-generation energy storage devices to
meet the ...

  

Solar-driven reversible
hydrogen storage in metal
oxides ...

Jul 18, 2025 · However, the efficient storage and
transportation of hydrogen remain critical
challenges that impede its widespread adoption
[2]. Conventional methods for hydrogen ...
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Hydrogen Storage Properties
of Metal Oxides: A Review

Feb 18, 2025 · These intriguing properties have
made metal oxide-based hydrogen storage
systems more operational and usable in a variety
of applications like energy storage and ...

  

Recent advancements in metal
oxides for energy storage ...

Nov 30, 2023 · Among different energy storage
devices, supercapacitors have garnered the
attention due to their higher charge storage
capacity, superior charging-discharging ...

  

Perovskites: A new generation
electrode materials for storage

Aug 1, 2023 · Since the last decades, perovskite
structures are getting considerable attention in
various electronics applications. Their
controllable physico-chemical properties and
structural ...
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Synthesis, thermoelectric and
energy storage performance of
...

Jan 1, 2024 · Due to their intriguing electronic
properties and structural composition, transition
metal oxides (TMOs) such as AO x, A x O x, and A
x B 3-x O x; A, B = Ti, V, Mn, Fe, Co, Ni, ...

  

Metal and Metal-Oxide-Based
Polymeric Nanodielectrics for
Energy  

Oct 31, 2023 · Polymer nanodielectrics are a new
class of materials that combine the
processability, breakdown field strength, and low-
loss features of polymers with the high ...

  

Nanostructured Metal Oxides
for Energy Harvesting and
Storage ...

Metal oxide nanoparticles have potential uses in
the sectors of energy and the environment,
including solar cells, fuel cells, hydrogen energy,
and energy storage devices. The broad ...

  

Exploring metal oxides for the
hydrogen evolution ...

proposes a green chemistry approach for
synthesizing metal oxide nanomaterials,
emphasizing these methods' principles,
advantages, and challenges. The exploration of
metal oxide ...
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Innovative multiphase
composites of transition metal
oxides ...

Jun 1, 2025 · In the present study, we focused on
preparing such a material through an easy and
cost-effective method to achieve enhanced
charge storage ability with large power.
Multiphase ...

  

Recent advances in metal
oxides as energy storage
materials: ...

The current study highlights the role that metal
oxide supercapacitors play in advancing
sustainable energy practices. This aligns with
many Sustainable Development Goals (SDGs), ...

  

Metal oxides for hydrogen
storage 

Jan 1, 2018 · The hydrogen economy is
considered an important energy storage strategy
to exploit fully the benefits of renewable and
sustainable energy. Hydrogen-related
technologies ...

  

A combined theoretical and
experimental approach of a
new ternary metal  

Dec 5, 2017 · Sustainable energy sources require
an efficient energy storage system possessing
excellent electrochemical properties. The better
understanding of possible crystal ...
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Exploring metal oxides for the
hydrogen evolution reaction ...

The rapid advancement of sustainable energy
technologies necessitates novel solutions, among
which the study of green-synthesized metal
oxide nanomaterials for Hydrogen Evolution ...

  

New insights into Mn2O3
based metal oxide granulation
...

Jul 15, 2022 · New insights into Mn2O3 based
metal oxide granulation technique with
enhanced chemical and mechanical stability for
thermochemical energy storage in packed bed
reactors
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