
FLEXIBLE ENERGY STORAGE ELECTRODE

What is a flexible energy storage device? One of the key components for

flexible energy storage devices is a flexible and conductive substrate that

can be used as a current collector. Papers and textiles have been

considered ideal substrates due to their low cost,flexibility,and highly

porous structures,which can absorb active electrode materials 1,13.

Can paper-based electrodes be used for flexible energy storage devices?

This review summarizes recent advances in the synthesis of paper-based

electrodes, including paper-supported electrodes and paper-like

electrodes. Their structural features, electrochemical performances and

implementation as electrodes for flexible energy storage devices including

supercapacitors and batteries are highlighted and compared.

How can flexible energy storage systems advance wearable electronic

device development? To advance wearable electronic device

development, this review provides a comprehensive review on the

research progress in various flexible energy storage systems. This

includes novel design and preparation of flexible electrode materials, gel

electrolytes, and diaphragms as well as interfacial engineering between

different components.

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.

How can electrode material flexibility be achieved? 2.1.1. Structural

engineering The flexibility of the electrode material can be achieved

through macroscopic or microscopic material structure design,in

accordance with the specific requirements.
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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

materialsutilized in flexible energy storage devices. Secondly,the

fabrication process and strategies for optimizing their structures are

summarized.

Our approach to designing flexible MF@NF composite electrodes and

using of PLP anode for flexible LMBs will have a major influence on the

advancement of flexible energy storage devices with high energy density.

4 Experimental Section Materials. PET nonwoven was purchased from

Amotech Co., Ltd. (Korea).

In this work, we present a flexible electrochemical energy storage device

that utilizes modified graphite electrodes and a PVA/SA hydrogel

electrolyte. The graphite threads were functionalized with PPy

nanostructures through electropolymerization, resulting in electrodes with

increased electrical conductivity and specific capacitance ( C s 

New strategy for scalable energy storage by rolling flexible solid electrode 

Alternatively, non-metal flexible electrodes with high-power intercalation

materials can be used to replace zinc metal in the hybrid FBs and provide

full scalability (Figure 1 D). The device with SFE has a significantly

higher-energy density in storage compared to 

Herein, the state-of-art advances in hydrogel materials for flexible energy

storage devices including supercapacitors and rechargeable batteries,

solar cells, and artificial skins are reviewed.  (CNTs) fiber is considered as

ideal fiber electrodes or substrates for energy storage device because of

their high electrical conductivity 
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The rapid developments of the Internet of Things (IoT) and portable

electronic devices have created a growing demand for flexible

electrochemical energy storage (EES) devices. Nevertheless, these

flexible devices suffer from poor flexibility, low energy density, and poor

dynamic stability of power output during deformation, limiting their 

1. Introduction. The flexible electrodes have attracted much attention in

industry and academia due to their great potential applications in the

flexible electronics, such as wearable electronic devices [1, 2], e-skins [3,

4], implantable medical devices [5, 6], flexible display [7, 8], flexible energy

storage devices [9, 10], etc.Generally speaking, the flexible electrodes

should ???

Metals have the potential to serve not only as electrodes in energy storage

devices but also as ion storage layers due to their ability to transition

between metallic and cationic states.  flexible zinc-ion energy storage

devices were fabricated using a combination of hydrogel and PB film.

These devices were subjected to 600 s of compression 

Figure 2b shows optical images of the flexible graphite and LCO

electrodes  Wang, X. et al. Flexible energy-storage devices: design

consideration and recent progress. Adv. Mater. 26, 4763 

Development of flexible and environmentally safe energy storage devices

is crucial to meet the demands of modern bendable technology. Several

challenges are on the way to encounter regarding device components

fabrication to design electrode materials for electrochemical devices, e.g.,

supercapacitors [] percapacitors escalate in the energy ???
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To prevent and mitigate environmental degradation, high-performance and

cost-effective electrochemical flexible energy storage systems need to be

urgently developed. This demand has led to an increase in research on

electrode materials for high-capacity flexible supercapacitors and

secondary batteries, which have greatly aided the development of ???

The integration of flexible and/or stretchable electrode materials,

electrolytes and substrates with rationally designed structural

configurations can be a promising approach to obtain high performance

flexible/stretchable energy storage devices.

Flexible and stretchable electronics have attracted growing interests in a

wide variety of emerging applications, such as wearable devices [1],

flexible displays [2], and bioinspired electronic skin [3, 4].A critical

challenge for the widespread use of flexible and stretchable electronics is

to develop high performance energy storage systems that can ???

Flexible self-charging power sources harvest energy from the ambient

environment and simultaneously charge energy-storage devices. This

Review discusses different kinds of available energy devices 

5 ? Flexible supercapacitors (SCs), as promising energy storage devices,

have shown great potential for both next-generation wearable electronics

and addressing the global energy crisis. Conductive hydrogels (CHs) are

suitable ???

A versatile approach to achieving flexible electrodes is to filter solutions

containing nanosized active materials with flexible substrates (CNT,

graphene, cellulose, and ???
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1 ? The liquid metal-based electrodes in ionic liquid showed high

electrochemical cyclic stability of 1400 cycles, exceeding the other liquid

metal-based energy storage devices by a ???

2 2D Materials and Flexible Electrodes 2.1 2D Materials. The first member

of 2D nanomaterials is graphene which was realized through a

Scotch-tape assisted exfoliation by Geim and Novoselo in 2004. [] Since

then 2D materials have attracted great attention from academia and

industry and found broad applications in various fields such as catalysis,

energy storage as well as ???

CNTs can be easily assembled into different flexible/stretchable

configurations and architectures including 1D CNTs fibers, 2D CNTs films

[18] and 3D CNTs sponges [19], regarding as ideal flexible substrates to

fabricate flexible electrodes for various flexible energy storage devices.

Active materials can be easily incorporated with CNTs into 

The LIG-MWCNT coated electrode exhibited a higher energy density of

6.05 uWh cm???2 and an areal-specific capacitance of 51.975 mF

cm???2 compared to the LIG-based devices.  through design 

Supercapacitors are important energy storage devices capable of

delivering energy at a very fast rate. With the increasing interest in

portable and wearable electronic equipment, various ???
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The rise of portable and wearable electronics has largely stimulated the

development of flexible energy storage and conversion devices. As one of

the essential parts, the electrode plays critical 

Carbon materials are widely used as flexible electrode materials,

conductive additives, and supporting substrates in electrochemical energy

storage devices because of their large surface areas 

Despite of these tremendous achievements that have been made in

CC-based flexible air cathodes and FZABs, there remains room to further

improve the reversible bifunctionality, cost-efficiency, mechanical

robustness and long-term durability of CC-supported monolithic air

electrodes for practical FZABs, especially toward wearable energy

storage.

An ideal electrolyte used in flexible paper-based energy storage devices

should be highly flexible, non-flammable, environmentally friendly and has

a unique combination of properties such as ???

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 respect to

materials of electrodes and electrolyte, the device structure, and the

corresponding fabrication techniques as well as 
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For the fabrication of flexible electrodes based on flexible substrates, the

commonly used flexible substrates include either conductive or

non-conductive substrates by spray-coating, printing, and/or painting. 

(1D) nanofiber electrodes for energy storage [57, 58]. Electrospinning has

several advantages, including its versatility for 

As shown in Fig. 1, flexible supercapacitors are mainly composed of the

current collector, electrode material, electrolyte, separator, and shell

[34].Flexible supercapacitors can be divided into EDLCs and

pseudocapacitor supercapacitors according to the different working

principles of energy storage [35], [36], [37].Among them, the EDLCs

mainly use carbon ???

1 Introduction. Supercapacitors, also known as electrochemical

capacitors, form a promising class of high-power electrochemical energy

storage devices, and their energy density (ED) lies between that of

secondary batteries and conventional capacitors. [] According to the

particular energy storage mechanism of their electrode materials,

supercapacitors can be ???

New technologies for future electronics such as personal healthcare

devices and foldable smartphones require emerging developments in

flexible energy storage devices as power sources. Besides the energy and

power densities of energy devices, more attention should be paid to

safety, reliability, and compatibi 2020 Nanoscale HOT Article Collection

Recent Review ???
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