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Preparation methods of polymer-based layered composites were

summarized.  [3,4]. In recent years, electrical energy storage methods

represented by fuel cells [5], electrochemical capacitors [6], and dielectric

capacitors have become one of the research hotspots in the energy field

[7,8].  high power, large capacity, etc. [20]. Therefore 

Electricity, as the key to a low-carbon economy, is assuming the role of

energy source for more and more devices, and the large-scale application

of new energy is the foreseeable future [1,2,3,4].Capacitors as

electromagnetic equipment, new energy generation and other areas of the

core devices, generally divided into ceramic capacitors and polymer ???

The experimental results confirmed that the spin-coating process is the

simplest and most direct preparation method to obtain ceramic/polymer

composites with excellent dielectric and energy storage properties. The

dielectric constant of 30 vol % BT/PVDF composite film reached 62 at 100

Hz, which was nearly 6.8 times higher than that of pure PVDF.

As an important power storage device, the demand for capacitors for

high-temperature applications has gradually increased in recent years.

However, drastically degraded energy storage performance due to the

critical conduction loss severely restricted the utility of dielectric polymers

at high temperatures. Hence, we propose a facile preparation method to

suppress ???
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As a kind of essential energy storage device, dielectric capacitors have

great potential in applications such as electronic and pulse power systems

due to their low density, high charge-discharge efficiency (??), good cyclic

stability, and flexibility [1,2,3,4,5].Due to their high breakdown strength (E

b), low dielectric losses (tan ??), and ease of processing in comparison

???

The polar material PVDF has a high dielectric constant (~10 @ 1 kHz) and

high polarization, so it is often used as energy storage material, but

because of its weak electric field resistance, the pure PVDF film energy

storage density is usually below 10 J?cm ???3 (@ 25 ?C). These

polymers are the relatively mainstream raw materials currently 

2 ? The minimal difference between the dielectric constant of

graphite-phase g-C3N4 and that of PVDF significantly reduces the local

electric field distortion, thus improving the breakdown strength and energy

storage density of the composites. In addition, the low conductivity

(10???12~???13 S/m) and wide band gap (2.7 eV) of g-C3N4 nanosheets

are favorable for ???

The progress of novel, low-cost, and environmentally friendly energy

conversion and storage systems has been instrumental in driving the

green and low-carbon transformation of the energy sector [1].Among the

key components of advanced electronic and power systems, polymer

dielectrics stand out due to their inherent high-power density, fast

charge???discharge ???

Polymer-based dielectric composites show great potential prospects for

applications in energy storage because of the specialty of simultaneously

possessing the advantages of fillers and polymer matrices. However,

polymer-based composites still have some urgent issues that need to be

solved, such as lower breakdown field strength (Eb) than ???
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Regarding the preparation methods of the composites, solution casting,

hot pressing, spin coating, etc. are used [47???53].  and other fields, high

requirements are needed for dielectric energy storage materials and

devices. Based on the review of the dielectric properties of the

PVDF-based nanocomposites and the direction of future research 

Dielectric ceramic capacitors, with the advantages of high power density,

fast charge-discharge capability, excellent fatigue endurance, and good

high temperature stability, have been acknowledged to be promising

candidates for solid-state pulse power systems. This review investigates

the energy storage performances of linear dielectric, relaxor ferroelectric,

???

For a selected polymer matrix, there are mainly three critical factors which

can determine the film quality, dielectric properties, and the energy

storage performance: i) selection of ceramics filler, ii) size and shape of

filler, and iii) the preparation method and treatment [23].The first issue is

the selection of ceramic filler and the corresponding dielectric properties.

In order to maintain the sustainable development of the ecological society,

considerable attention has been directed toward the investigation of

electrical energy-storage in past decades [1].The dielectric capacitor is

able to store energy in the electric fields and has been widely applied in

harsh work environments such as pulse system, automobile, defense ???

However, they do have a limitation in terms of energy storage density,

which is relatively lower. Researchers have been working on the dielectric

energy storage materials with higher energy storage density (W) and

lower energy loss (W loss) [1], [2], [3]. Currently, research efforts primarily

focused on dielectric ceramics, polymers, as well as 
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The electric breakdown strength (E b) is an important factor that

determines the practical applications of dielectric materials in electrical

energy storage and electronics.However, there is a tradeoff between E b

and the dielectric constant in the dielectrics, and E b is typically lower than

10 MV/cm. In this work, ferroelectric thin film (Bi 0.2 Na 0.2 K 0.2 La 0.2 Sr

0.2)TiO ???

Epoxy resin (EP), as a kind of dielectric polymer, exhibits the advantages

of low-curing shrinkage, high-insulating properties, and good

thermal/chemical stability, which is widely used in electronic and electrical

industry. However, the complicated preparation process of EP has limited

their practical applications for energy storage. In this manuscript,

bisphenol F ???

Ba0.6Sr0.4TiO3 based glass???ceramics were prepared by sol???gel

process. Influences of B???Si???O glass content on the microstructure,

dielectric, and energy storage properties of the BST based

glass???ceramics have been investigated. Perovskite barium strontium

titanate phase was found at annealing temperature 800 ?C. A secondary

phase Ba2TiSi2O8 ???

The morphology and defect control of the two-dimensional nano KN and

nano TO fillers are realized via a hydrothermal method to increase the

composite breakdown strength (Eb) and the composite energy density

(Ue).  nanocomposites containing controlled preparation of defective TiO 2

and  Significantly enhanced dielectric and energy storage 

Dielectric capacitors have garnered significant attention in recent decades

for their wide range of uses in contemporary electronic and electrical

power systems. The integration of a high breakdown field polymer matrix

with various types of fillers in dielectric polymer nanocomposites has

attracted significant attention from both academic and commercial ???
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the perspective of material preparation methods, with emphasis on

strategies that enhance both dielectric and energy storage performance.

By dividing all-organic polymer dielectrics into linear  the dielectric energy

storage density formula is detailed as follows [38]: Ustorage = W Ad =

??<< VdQ Qmax 0 Ad = EdD Dmax 0 (2) where W represents 

preparation method to obtain ceramic/polymer com-posites with excellent

dielectric and energy storage properties. The dielectric constant of 30 vol

% BT/PVDF composite film reached 62 at 100 Hz, which was nearly 6.8

times higher than that of pure PVDF. The maximum energy storage

density was 6.916 J/cm3. Compared with the composites obtained

This work summarized the preparation strategy and composition design of

the layered polymer-based dielectric composites in various countries in

the world in recent years to provide new and constructive strategies for the

development of high-end layered dielectric materials for electrostatic

energy storage applications. 2. Preparation method of 

Renewable energy can effectively cope with resource depletion and

reduce environmental pollution, but its intermittent nature impedes

large-scale development. Therefore, developing advanced technologies

for energy storage and conversion is critical. Dielectric ceramic capacitors

are promising energy storage technologies due to their high-power

density, fast ???

Dielectric capacitors are the key components in modern electronic and

electrical systems [1] vice miniaturization, compactness and wearability

have promoted the research development of dielectric capacitors with high

energy density (U e), high efficiency (??) and reliability [2, 3].Dielectric

energy storage materials need have the large difference value of electrical

???
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It is revealed that the best energy storage performance, which

corresponds to a large breakdown strength and a medium dielectric

constant, is achieved in STO films annealed at 650 ?C, which 

Fig. 17 Preparation and dielectric performances of various

surface-functionalized polymer films: (a) schematic of the roll-to-roll

PECVD method, (b) ?? and U e of BOPP and BOPP-SiO 2 films at 120

?C, (c) ?? at 150 ?C of five dielectric films, (d) maximum U e above 90%

efficiency at 150 ?C of five dielectric films before and after coating 

The preparation methods of ceramic-polymer composites can be mainly

divided into two types, one is dry mixing (i.e. hot pressing, extrusion), the

other is wet mixing (i.e. solution cast, spin coating, dip coating).  Hybrid

nanofillers designed for polymer dielectric nanocomposites are expected

to obtain excellent dielectric energy storage 

Dielectric capacitors with a high operating temperature applied in electric

vehicles, aerospace and underground exploration require dielectric

materials with high temperature resistance and high ???

Commonly known high-energy storage dielectric materials are mainly

biaxially oriented polypropylene (BOPP), polyester, polycarbonate (PC),

polyphenylene disulfide, polyurea, polyurethane, and 
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The power???energy performance of different energy storage devices is

usually visualized by the Ragone plot of (gravimetric or volumetric) power

density versus energy density [12], [13].Typical energy storage devices

are represented by the Ragone plot in Fig. 1 a, which is widely used for

benchmarking and comparison of their energy storage capability.

The energy storage performances of different regions in the film were

tested and summarized in Fig. 4E. As seen, their D - E loops possess

quite similar shape and size at 600 MV m ???1 and 200 ?C.
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