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Which lead-free bulk ceramics are suitable for electrical energy storage applications?

Here, we present an overview on the current state-of-the-art lead-free bulk ceramics for electrical energy

storage applications, including SrTiO 3, CaTiO 3, BaTiO 3, (Bi 0.5 Na 0.5)TiO 3, (K 0.5 Na 0.5)NbO 3,

BiFeO 3, AgNbO 3 and NaNbO 3 -based ceramics.

 

What is the optimal energy storage performance for lead-free ceramics?

Finally,optimal energy storage performance is attained in 0.85Ba (Zr 0&#183;1 Ti 0.9)O 3 -0.15Bi (Zn 2/3 Ta

1/3)O 3 (BZT-0.15BiZnTa),with an ultrahigh ? of 97.37% at 440 kV/cm(an advanced level in the lead-free

ceramics) and an excellent recoverable energy storage density (Wrec) of 3.74 J/cm 3.

 

Are lead-free dielectric energy-storage ceramics a hot spot?

At present,the application of dielectric energy-storage ceramics is hindered by their low energy density and the

fact that most of them contain elemental lead. Therefore,lead-free dielectric energy-storage ceramics with high

energy storage density have become a research hot spot.

 

Why are lead-free ceramics important?

Therefore, it is also crucial to improve the energy storage performance of lead-free ceramics along with

excellent stability in different environments. The cost of raw materials and the preparation conditions of

lead-free ceramics are also important for quantity production.

 

What are lead-free electronic ceramics?

In the field of dielectric energy storage,lead-free electronic ceramics have become an inevitable trend. Due to

the similarity in the properties of Bi 3+and Pb 2+,the lone pair of electrons in the outermost 6s 2 layer can be

hybridized with the 6p vacant orbital or the O 2- orbital to produce high electron polarizability.

 

What is a high energy storage density ceramic?

Zhou et al  found that a 0.835 (Na 0.5 Bi 0.5)TiO 3 -0.05BT-0.125Bi (Zn 2/3 Nb 1/3)O 3

(0.835BNT-0.05BT-0.125BZN) ceramic exhibited a high energy storage density of ~4.23 J cm -3, a

discharged energy density of ~2.83 J cm -3 and an efficiency of ~67% under a relatively low electric field of

180 kV cm -1.

Therefore, numerous efforts have been made to improve the performance of lead-free ceramics for energy

storage dielectric capacitors, considering sustainable development [8]. Among various lead-free materials,

including Bi 0.5 Na 0.5 TiO 3 (BNT) [9], BiFeO 3 (BF) [10] and BaTiO 3 (BT) [11], K 0.5 Na 0.5 NbO 3

(KNN)-based ceramics are one of the most extensively studied ...
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Pulse power technology can compress various energy forms into electrical energy and store them in dielectric

energy storage capacitors. This stored energy can be released rapidly in the form of a pulse with very short

durations, ranging from milliseconds to microseconds or even nanoseconds [[1], [2], [3]].Thus, pulse power

systems based on dielectric capacitors ...

Here, through the design of vacancy defects and phase structure regulation, Pb-free (Bi 0.5 Na 0.5)TiO

3-based ceramics with an optimal composition can achieve a large maximum polarization (&gt;44 &#181;C

cm -2) under a moderate electric field (410 kV cm -1), resulting in an extremely high recoverable energy

storage density (?6.14 J cm -3), nearly ideal energy ...

The development of lead-free bulk ceramics with high recoverable energy density (Wrec) is of decisive

importance for meeting the requirements of advanced pulsed power capacitors toward ...

(DOI: 10.1039/D0TC04381H) Energy storage materials and their applications have attracted attention among

both academic and industrial communities. Over the past few decades, extensive efforts have been put on the

development of lead-free high-performance dielectric capacitors. In this review, we comprehensively

summarize the research progress of ...

Here, we present an overview on the current state-of-the-art lead-free bulk ceramics for electrical energy

storage applications, including SrTiO 3, CaTiO 3, BaTiO 3, (Bi 0.5 Na 0.5)TiO 3, (K 0.5 Na 0.5)NbO 3,

BiFeO 3, AgNbO 3 and NaNbO 3-based ceramics. This review starts with a brief introduction of the research

background, the development ...

This review summarizes the progress of these different classes of ceramic dielectrics for energy storage

applications, including their mechanisms and strategies for ...

(a) The development of ferroelectric materials and the energy storage applications of BNT-based ceramics, the

energy storage properties of several typical lead-free ferroelectric ceramic systems such as (Bi,Na)TiO 3,

BaTiO 3, SrTiO 3, Bi x K 1-x TiO 3, NaNbO 3 and K x Na 1-x NbO 3: (b) the relationship between energy

storage density and electric field, ...

The ultrafast charge/discharge rate and high power density (PD) endow lead-free dielectric energy storage

ceramics (LDESCs) with enormous application potential in ...

Therefore, lead-free dielectric energy-storage ceramics with high energy storage density have become a

research hot spot. In this paper, we first present the requirements that ...

As a result, the recoverable energy storage density of the ceramics reaches an unprecedented giant value of

15.1 J cm -3 together with a high efficiency of 82.4%, as well as ultrafast discharge rate of 32 ns, and high ...
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Notably, the tape-casted lead-free ceramics exhibited exceptional comprehensive energy storage performance

with a recoverable energy storage density of ?10.06 J cm -3 and an efficiency of ?93% under a high electric

field of 915 kV cm -1, surpassing the capabilities of most reported lead-free ceramics. This work offers a

viable solution for ...

In addition, the prepared ceramics exhibit extremely high discharge energy density (4.52 J cm -3) and power

density (405.50 MW cm -3). Here, the results demonstrate that the strategy of layered structure design and ...

In addition, 0.84BST-0.16BMZ also has high recoverable energy storage density (Wrec) of 2.31 J/cm&#179;

and energy storage efficiency of 83% (?) at 320 kV/cm, compared to pure Ba0.8Sr0.2TiO3 ceramic ...

Here, we present an overview on the current state-of-the-art lead-free bulk ceramics for electrical energy

storage applications, including SrTiO 3, CaTiO 3, BaTiO 3, (Bi ...

With the rapid development of economic and information technology, the challenges related to energy

consumption and environmental pollution have recen...
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