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Which materials are used in flexible energy storage devices?

Firstly,a concise overview is provided on the structural characteristics and properties of carbon-based
materials and conductive polymer materiasutilized in flexible energy storage devices. Secondly,the
fabrication process and strategies for optimizing their structures are summarized.

What are flexible energy storage devices?

To date,numerous flexible energy storage devices have rapidly emerged,including flexible lithium-ion
batteries (L1Bs),sodium-ion batteries (SIBs),lithium-O 2 batteries. In Figure 7E,F,a Fe 1-x S@PCNWs/rGO
hybrid paper was aso fabricated by vacuum filtration,which displays superior flexibility and mechanical
properties.

What are the different types of energy storage materials?

According to their different functionalities in the fina devicethese materials can be classified into
electrode,electrolyte,substrate/encapsulation  materialswhich  are  independent of preparation and
semi-independent of functionalization. Electrode materials,binders and collectors are key components for
energy storage devices.

Do flexible energy storage devices integrate mechanical and electrochemical performance?
However,the existing types of flexible energy storage devices encounter challengesin effectively integrating
mechanical and electrochemical performances.

Which energy storage systems are applied to wearable electronic devices?

The energy storage systems applied to wearable electronic devices in this review are categorized into two
groups. water-based systems and organic-based systems. Water-based systems include SCs,ZIBs,and metal-air
batteries,while organic-based systems consist of LI1Bs,LSBs,SIBs,and PIBs.

What is the mechanical reliability of flexible energy storage devices?

As usual,the mechanical reliability of flexible energy storage devices includes electrical performance retention
and deformation endurance. As a flexible electrode,it should possess favorable mechanical strength and large
specific capacity. And the electrodes need to preserve efficient ionic and electronic conductivity during
cycling.

Then we review al the important parts of state-of-art flexible/stretchable self-healing supercapacitors and
batteries including electrodes, electrolytes, substrates and encapsulation. ...

Electrochemical energy storage devices (EESDs) are the systems of storing and releasing energy by electricity

through reversible electrochemical processes with high energy utilization efficiency [1] the past decades,
more and more significant electrochemical energy storage technologies have been developed for portable
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The solution features more than 100 kWh of second-life batteries to store clean energy, such aswind and solar
that can be installed on the top of the charging station structure, and feed it back ...

As the demand for flexible wearable electronic devices increases, the development of light, thin and flexible
high-performance energy-storage devices to power them is aresearch priority. This review highlights the latest
research advances in flexible wearable supercapacitors, covering functiona classifications such as
stretchability, permeability, self-healing and shape ...

The progress of fiber-shaped energy storage devices includes device structure, preparation strategies, and
application. ... making a significant advancement in the field of portable energy technology [18], [19]. Based
on the design principles and preparation experience of traditional planar batteries or supercapacitors,
combined with advanced ...

Due to the high energy density and clean combustion product, hydrogen (H 2) has been universally proposed
as a promising energy carrier for future energy conversion and storage devices. Conjugated polymers,
featuring tunable band gaps/positions and tailored active centers at the molecular level, are attractive
photoel ectrode materialsfor ...

The increasing complexity of flexible electronic device structures has placed higher demands on 3D printing
technology for achieving high-precision conformal printing and facilitating multi-module ... Small, flexible,
and portable energy storage devices are becoming progressively growing important in the development of
forthcoming ...

Energy storage mechanism, structure-performance correlation, pros and cons of each material, configuration
and advanced fabrication technique of energy storage microdevices are well demonstrated. ... Recent major
breakthroughs and fast popularities in myriad modern small-scale portable/wearable electronics and Internet of
Things (1oT) related ...

Along with increasing energy density, another strategy for reducing battery weight is to endow energy storage
devices with multifunctionality - e.g., creating an energy storage device that is able to bear structural loads and
act as areplacement for structural components such that the weight of the overall system is reduced.

Portable electronics such as wireless sensors, roll-up displays, electronic skins, and flexible smartphones are
light in weight and come in smaller sizes that can easily be carried around. To achieve complete and
independent wearable ...

the device structure, and the corresponding fabrication techniques as well as applications of the flexible energy

storage devices. Finaly, the limitations of materials and preparation methods, the functions, and the working
conditions of devicesin the future were discussed and presented. KEYWORDS
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The development of energy storage and conversion systems including supercapacitors, rechargeable batteries
(RBs), thermal energy storage devices, solar photovoltaics and fuel cells can assist in enhanced utilization and
commercialisation of sustainable and renewable energy generation sources effectively [[1], [2], [3], [4]].The....

In this review, MSCs and MBs are presented with highlights on their main components, structure, and types,
aswell asther state-of-the-art performance capabilities. The recent effortsin fabrication strategies, mainly ...

Among the different energy storage technologies, batteries and supercapacitors have become more popular
because of their wide application and power of portable electronic devices. The US Department of Energy
(DOE) has been funding research on high-energy-density supercapacitors since 1989, specifically for their
integration into electric and ...

With the emergence of portable technologies such as smart phones, implantable medical devices, and
microsensors, their electrochemical energy storage components are similarly developing rapidly with a focus
on miniaturization, integration, and flexibility 1, 2, 3 toward use in field applications. 4 Compared with
traditional large-capacity power supply devices, ...

Paper-based batteries have attracted a lot of research over the past few years as a possible solution to the need
for eco-friendly, portable, and biodegradable energy storage devices [23, 24].These batteries use paper
substrates to create flexible, lightweight energy storage that can also produce energy.

The fiber type energy storage devices demonstrate the possibility of directly integrating them into wearable
electronics to power multi-functional "smart fabrics' [81]. Overal, all three of these different configurations
have evolved from the planar sandwiched structure used in traditional 2D energy storage devices.

The global mobile energy storage system market size was valued at USD 51.12 billion in 2024. The market is
projected to grow from USD 58.28 hillion in 2025 to USD 156.16 hillion by 2032, growing at a CAGR of
15.12% during the forecast period.

In last 30 years, tremendous progress has been made in the development of electrochemical energy storage
(EES) devices such as rechargeable lithium-ion batteries (LIBs) and supercapacitors (SCs) for applicationsin
portable devices, electric vehicles, and stationary energy storage systems|[1, 2]. Given the intense demands on
high-tech designs ...

Gao et a. developed portable fiber supercapacitors with high energy storage capacity, suitable for flexible and
deformable electronic devices (Fig. 7 ef) [148]. After charging for just 10 s, the device was successfully
integrated with a headphone, showcasing its ability to be worn and conform to the shape of the human body.

To fulfill flexible energy-storage devices, much effort has been devoted to the design of structures and

materials with mechanical characteristics. This review attempts to critically review the state of the art with
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respect to materials of electrodes and electrolyte, the device structure, and the corresponding fabrication
techniques aswell as ...

Many fibrous, planar, and tridimensional structures have been designed to realize flexible devices that can
sustain geometrical deformations, such as bending, twisting, folding, and stretching...

Utilizing textile-based materials, architectures and processing methods, wearable textile-based el ectrochemical
energy storage devices may be the perfect energy source for many wearables, and portable applications. This
can be attributed to the large surface area and high flexibility of these textile materials.

It is also necessary to store the energy produced for reuse and use in portable electronics [22& #226;EUR"24].
... Due to the high energy and flexible structure of lithium-based batteries, these batteries accounted for 63%
of market sales. Applications of nanotechnology in solar batteries can be made using nanomaterial in the
electrode structure ...

In this review, we will summarize the introduction of biopolymers for portable power sources as components
to provide sustainable as well as flexible substrates, a scaffold of current collectors, electrode binders, gel
electrolyte ...
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