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Xianwen et al. [213] summarized various nanocarbon for electrochemical

systems, including energy storage, electrocatalysis, and sensing. The use

of nano-architecture carbon in electrode design 

Numerous studies on Gr-based materials for electrochemical energy

storage have been conducted in the last few years .  research is needed

to understand the interrelationships between the structural and chemical

properties of 3D nanocarbon-based anodes and LIB performance. Density

functional theory-based first-principles calculations can be 

Therefore, electrochemical energy conversion and storage systems

remain the most attractive option; this technology is earth-friendly,

penny-wise, and imperishable [5]. Electrochemical energy storage (EES)

devices, in which energy is reserved by transforming chemical energy into

electrical energy, have been developed in the preceding decades.

Dual-carbon based rechargeable batteries and supercapacitors are

promising electrochemical energy storage devices because their

characteristics of good safety, low cost and environmental friendliness.

Herein, we extend the concept of dual-carbon devices to the energy

storage devices using carbon materials as active materials in both anode

and cathode, and a?|
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With many apparent advantages including high surface area, tunable pore

sizes and topologies, and diverse periodic organica??inorganic

ingredients, metala??organic frameworks (MOFs) have been identified as

versatile precursors or sacrificial templates for preparing functional

materials as advanced electrodes or high-efficiency catalysts for

electrochemical a?|

The applications of these materials in different types of IoT energy storage

devices, such as supercapacitors, lithium-ion batteries, metal-air batteries,

flexible and wearable energy storage devices, energy harvesting and

self-powered IoT devices, hybrid energy storage systems, and

nanocarbon-based electrochemical capacitors, will be explored.

How to apply theoretical calculations to the design of NC-based

electrochemical energy storage functional materials will become the

mainstream direction of future research. (5) Due to differences in size,

structure and surface chemistry of NC and its derivatives, it should be

applied to different energy storage devices according to its 

The first two parts focus on nanocarbon-based anode and cathode

materials for lithium ion batteries, while the third part deals with carbon

material-based supercapacitors with various a?|
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Different dimensions; Lithium-ion batteries 1 Introduction With the rapid

economic development, traditional fossil fuels are further depleting, which

leads to the urgent development and utilization of new sustainable energy

sources such as wind, water and solar energy[1-2]. 
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The pursuit of energy storage and conversion systems with higher energy

densities continues to be a focal point in contemporary energy research.

electrochemical capacitors represent an emerging 

3.1 Electrochemical energy storage applications. In light of the

environmental damage and the energy disaster, the collection and use of

renewable energy, including solar or wind, is now imperative. When it

comes to storing this energy, electrochemical energy storage (EES)

devices have received a great deal of attention from researchers.

A revolutionary era in electrochemical energy storage technology has

begun with the incorporation of nanocarbon-based electrodes into flexible

energy storage systems. These electrodes change the functionality and

form factor of energy storage devices by taking advantage of the

outstanding qualities of nanocarbon materials like CNTs and graphene.

Electrochemical energy storage (EES) devices have attracted immense

research interests as an effective technology for utilizing renewable

energy. 1D carbon-based nanostructures are recognized as highly

promising materials for EES application, combining the advantages of

functional 1D nanostructures and carbon nanomaterials.

Structural energy storage composites present advantages in

simultaneously achieving structural strength and electrochemical

properties. Adoption of carbon fiber electrodes and resin structural

electrolytes in energy storage composite poses challenges in maintaining

good mechanical and electrochemical properties at reasonable cost and

effort. Here, we report a?|
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Carbon is a key component in current electrochemical energy storage

(EES) devices and plays a crucial role in the improvement in energy and

power densities for the future EES devices. As the simplest carbon and

the basic unit of all sp2 carbons, graphene is widely used in EES devices

because of its fascinating and outstanding physicochemical properties; a?|

Furthermore, this review delves into the challenges and future prospects

for the advancement of carbon-based electrodes in energy storage and

conversion. 1 Introduction.  1.0 TPa), and a high theoretical surface area

of 2630 m 2 g a??1, put it into the topmost category of materials for

electrochemical energy storage and conversion. 

In today's nanoscale regime, energy storage is becoming the primary

focus for majority of the world's and scientific community power.

Supercapacitor exhibiting high power density has emerged out as the

most promising potential for facilitating the major developments in energy

storage. In recent years, the advent of different organic and inorganic

nanostructured a?|

Electrochemical alongside the electro-catalytic properties of graphene and

multi-walled carbon nanotubes have been improved via doping with

manganese oxide nanostructures. Structural, morphological, and

electrochemical properties of the as-synthesized nanocomposites were

identified using XRD, FTIR, SEM, and electrochemical methods including

cyclic a?|

Efficient energy storage using nanocarbon relies on the quick transport of

ions, primarily determined by effective ionic channels in active electrodes.

Mostly, the origin of ionic channels is from the nanocarbon pore structure,

which can be created by controlled processing techniques.  Mao, X.,

Rutledge, G.C., Hatton, T.A.: Nanocarbon-based 
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5 COFS IN ELECTROCHEMICAL ENERGY STORAGE. Organic

materials are promising for electrochemical energy storage because of

their environmental friendliness and excellent performance. As one of the

popular organic porous materials, COFs are reckoned as one of the

promising candidate materials in a wide range of energy-related

applications.

Fabrication and assembly of electrodes and electrolytes play an important

role in promoting the performance of electrochemical energy storage

(EES) devices such as batteries and supercapacitors.  Carbon-based

material, due to its low cost, variety of forms, and excellent

electrochemical stability [87], have been extensively utilized as an 

The mechanism for the electrochemical oxidation of nanocarbon materials

was proposed as the direct and indirect  261-267] Herein,

zeolite-templated nanocarbon-based supercapacitors are summarized

from the aspects of EDLCs, pseudocapacitors, and  Zeolite-templated

nanocarbons is playing meaningful parts in energy storage materials: in 

In the green energy and carbon-neutral technology, electrochemical

energy storage devices have received continuously increasing attention

recently. However, due to the unavoidable volume expansion/shrinkage of

key materials or irreversible mechanical damages during application, the

stability of energy storage and delivery as well as the lifetime of these a?|

Currently, carbon materials used for electrochemical energy storage can

be categorized as graphite, graphene, soft carbon and hard carbon based

on their crystalline phase structure. Graphite is a layered carbon material

with a specific crystalline phase in which the carbon atoms within each

graphite layer are connected by covalent bonds to form 
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Then he came to MIT in September 2008 to pursue his graduate study in

Chemical Engineering, working on design of carbon-based

electrochemical systems for sensing, catalysis, and energy storage

applications. His PhD thesis work concentrates on two specific systems:

redox-responsive polymer/carbon nanotube hybrids and electrospun

carbon nanofibers.

In recent years, numerous discoveries and investigations have been

remarked for the development of carbon-based polymer nanocomposites.

Carbon-based materials and their composites hold encouraging

employment in a broad array of fields, for example, energy storage

devices, fuel cells, membranes sensors, actuators, and electromagnetic

shielding. Carbon and a?|
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