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Abstract: The requirement of electrical energy to power modern equipment and electronics is increasing day by 

day. This leads to the need for developing methods for generation  and storage of electrical power which are 

highly efficient. Hence, a lot of research work is focused on the development of efficient energy storage materials. 

So that they can be utilized for various industrial applications. Modern electronic and electrical devices can be 

revolutionized by using dielectric based solid state capacitors. Among the popular dielectric materials, 

antiferroelectrics display higher energy density and higher power density as compared to their linear dielectric 

and ferroelectric counterparts. They also possess low dielectric loss, low remnant polarization, low coercive field, 

higher material efficiency and fast rate of discharging. Due to all these characteristics, antiferroelectric materials 

have a huge potential to be used in various energy storage applications. This review paper presents basic facts 

about antiferroelectric materials regarding their definition and energy storage behavior.  
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Introduction: Fossil fuel resources are depleting at a fast rate and in addition they are also responsible for causing 

a lot of air pollution and global warming. This leads to the requirement of various renewable and clean sources 

of energy. [1- 4] Conversion of this energy to electricity is  very nice option in association with the development 

of reliable and efficient electrical energy storage devices needed for proper implementation of electricity that is 

being generated from these renewable sources of energy. [1,5-9] It is very important to store electrical energy 

properly because electricity is the primary need to power much of our available technology now a days. Hence, a 

lot of research work is being done in order to develop some suitable materials that should possess enhanced energy 

and power density so that requirements of modern electric devices and machines can be met properly. [10] 

Majority of the electrical energy storage devices available today include electrochemical capacitors, batteries and 

dielectric capacitors. Of these, electrochemical capacitors have medium energy density and power density. Also, 

they suffer from low operating voltage, large leakage current and high cost than dielectric capacitors. [11,12] 
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Batteries possess high power density but they do not provide desired power output. While reverse is true in case 

of dielectric capacitors as they have lower energy density but exhibit high power output. [13,14] This difference 

is due to their different mode to store energy . In case of batteries, the electrical energy is first converted into 

chemical energy and then again reconverted in electrical energy using  electrochemical cell. [15,16] So, chemical 

reaction rate will determine rate of these conversions and release of energy again in case of batteries. While 

dielectric capacitors store energy in form of localized electric fields or dipole moments existing in the dielectric 

material due to its polarization through electrical energy. [13,14] This energy is stored over several charging 

cycles and then it can be released at a rapid rate in order to produce electrical pulses of known power. Thus, these 

capacitors can be used in many devices that need high power electric supply. [13-18]. For capacitor applications, 

the maximum energy storage density per unit volume, U for a dielectric material is given by the equation  

𝑈 =
1

2
𝜀0𝜀𝑟𝜀𝑏

2 

Here, 𝜀0 is dielectric permittivity of free space, 𝜀𝑟 is relative permittivity of material and Eb is the dielectric 

breakdown electric field of material.[19] 

This equation shows that energy density of material increases with the increase in dielectric constant and dielectric 

breakdown strength of material. [19]. Amongst dielectrics, we have linear dielectrics, ferroelectrics, relaxor 

ferroelectrics and antiferroelectrics that can be used for making electrical capacitors. Linear dielectrics have low 

value of dielectric constant and they have high dielectric breakdown strength. While ferroelectrics are 

characterised by large value of dielectric constant but they have lower value of dielectric breakdown strength and 

large dielectric losses. So, these two are unsuitable for use in applications associated with storage of energy. 

Relaxor ferroelectrics with almost zero remnant polarization are   good option for capacitor applications but the 

materials with relaxor characteristics are relatively rare. [20] Antiferroelectric materials have a unique feature of 

phase transition in ferroelectric - antiferroelectric state induced by electric field and because of this, these 

materials possess higher energy storage density, low remnant polarization, fast rate of discharging and low 

coercive field. [21,22] AFE Phase stability, maximum polarization of induced ferroelectric phase and breakdown 

strength of the material need to be enhanced in order to increase the energy storage property of AFE ceramics. 

Definition of antiferroelectrics - Antiferroelectrics are typically made up of two sublattices with antiparallel 

polarization directions. These antiparallel polarizations are equal in magnitude but opposite in direction and thus 

results into a net zero macroscopic polarization. [23-25] Antiferroelectrics are usually characterized by double 

hysteresis loop i.e. Polarization – electric field (P - E) loop. In antiferroelectrics, there occurs a phase transition 

between antiferroelectric and ferroelectric states induced by an external electric field. As electric field is increased 

beyond  certain strength then AFE to FE phase transition takes place at electric field EF, known as critical forward 

phase switching field. When we decrease the electric field then FE state goes back to AFE state i.e. FE - AFE 

phase switching takes place at  EA, known as critical backward phase switching field. This field induced phase 
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transition also leads to change in unit cell volume which further results in field induced strain produced in the 

material. Values of these phase switching fields EF and EA are also affected by change of temperature and pressure.  

Perovskite structure of antiferroelectrics and tolerance factor - Most of the antiferroelectrics are perovskites 

that can be represented by ABO3. This structure is composed of corner linked oxygen octahedra having B-site 

cation at the center and A-site cation present at the interstice. Tolerance factor (t) given by Goldschmidt is used 

to determine the stability of these perovskite ABO3 structures and it is given by the following expression [27] 

 

                                                                                            𝑡 =
𝑅𝐴+𝑅0

√2(𝑅𝐵+𝑅0)
 

Here, 𝑅0, 𝑅𝐴 𝑎𝑛𝑑 𝑅𝐵 are the radii of oxygen ions, A-site cations and B-site cations respectively. Value of tolerance 

factor  t > 1 for ferroelectrics and t < 1 for antiferroelectrics [27]. Thus, lower tolerance factor will lead to more 

stable AFE phase. 

 

 

Energy Storage in Antiferroelectrics - 

To calculate the recoverable energy storage density (Wr) of dielectric material, we have the following equation 

[26].  

           Pmax 

Wr  = ∫ 𝐸𝑑𝑃  

           Pr 

 

Here, E is applied electric field and Pr and Pmax are respectively the remnant polarization and maximum 

polarization.  

The energy efficiency 𝜂  can be written as 

𝜂   = Wr/(Wr + Wloss) 

 

Where Wloss represents the loss of energy density [26]. Recoverable energy density is given by the area between 

P-E curve and polarization axis while Wloss is represented by the area within P-E loop. Antiferroelectrics with 

special feature of transition between antiferroelectric and ferroelectric phases induced by electric field produce 

negligible Pr and large Pmax  and serve as good alternatives for utilization in enhanced energy storage over linear 

dielectrics and ferroelectrics. In addition, the material is also required to have large values of critical phase 

switching fields EF and EA as well as high breakdown strength.   

The antiferroelectric ceramics that have been developed for energy storage applications so far include both lead 

containing compounds like PbZrO3, PbHfO3 , PLZST, PNZST as well as lead free ceramics such as silver niobate 

based, sodium niobate based and BNT based systems. In (Pb0.94 La0.04) (Zr0.49 Sn0.5 Ti0.01) O3 ceramics, a very 

high  9.6J/cm3 recoverable energy density with high efficiency 90.2% was found by Xihong Hao et al [28]. 
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Although lead based AFEs show very good energy performance but due to increasing concern towards 

environment, it is necessary to phase out lead from various AFE ceramics because of its toxic nature. Therefore, 

a lot of research work has been done in past few years to develop lead free antiferroelectrics like silver niobate 

based, sodium niobate based and BNT based systems [29]. The energy performance of lead free antiferroelectris 

is poor with efficiency less than 80% in comparison with lead based antiferroelectrics [29]. These low values of 

energy density and efficiency of lead free AFEs cause hindrance in their real application for various energy 

storage devices.  

 

Disadvantages associated with antiferroelectric materials- Although there are many advantages of using AFEs 

in energy storage devices but there are few drawbacks also which put a limit on their practical applications. First 

factor is piezoelectric noise that is produced in the structure due to strain induced by electric field when it increases 

beyond a certain threshold value and AFE to FE phase transformation takes place. This piezoelectric noise has to 

be reduced otherwise it may damage the structure altogether. [30] Second factor that affects the energy 

performance of AFEs is polarization fatigue. In this, saturation polarization lowers on enhancing  continuation of 

electric cycles. It can result into higher dielectric loss, higher remnant polarization and lower dielectric constant. 

[30] If we could overcome these two disadvantages, then AFEs would perform better for storage of energy 

Conclusion – The energy storage performance of lead containing antiferroelectrics are superior as compared to 

that of lead free antiferroelectrics. Therefore, it is impossible yet to replace entirely the lead based AFEs by lead 

free AFEs. Amongst lead free AFE systems, AgNbO3 based, NaNbO3 based and BNT based AFEs prove to be 

the potential candidates for energy storage applications. A lot of research work is being carried out on tuning the 

composition of environment friendly antiferroelectrics i.e.  the AFEs without lead to have a control on various 

important characteristics like critical phase switching fields, phase transition between AFE - FE phases induced 

by electric field and strain response. Sincere efforts should be put to develop new lead free AFE materials that 

can match the level of performance of best available lead based antiferroelectric for energy storage applications. 

 

References-  

[1] Panwar NL, Kaushik SC, Kothari S. Role of renewable energy sources in environmental protection: a review. 

Renew Sustain Energy Rev 2011;15:1513-24. 

[2] Guney MS, Tepe Y. Classification and assessment of energy storage systems. Renew Sustain Energy Rev 

2017;75:1187-97.  

[3] Ibrahim H, llinca A, Perron J. Energy storage systems-eharacteristics and comparisons. Renew Sustain Energy 

Rev 2008;12:1221-50.  

[4]  Liu C, Li F, Ma LP, Cheng HM. Advanced materials for energy storage. Adv Mater 2010;22:E28-62.  

http://www.ijcrt.org/


www.ijcrt.org                                                                © 2022 IJCRT | Volume 10, Issue 10 October 2022 | ISSN: 2320-2882 

IJCRT2210239 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org c46 
 

[5] Kousksou T, Brue! P, Jamil A, El Rhafiki T, Zeraouli Y. Energy storage: applications and challenges. Sol 

Energy Mater Sol Cells 2014;120:59-80. [7) Gross R, Leach M, Bauen A. Progress in renewable energy. Environ 

Int 2003;29:105-22.  

[6] Gross R, Leach M, Bauen A. Progress in renewable energy. Environ Int 2003;29:105-22. 

[7]  Dincer I. Renewable energy and sustainable development: a crucial review. Renew Sustain Energy Rev 

2000;4:157-75.  

[8] Hall PJ, Bain EJ. Energy-storage technologies and electricity generation. Energy Policy 2008;36:4352-5. 

[9] Chen H, Cong TN, Yang W, Tan C, Li Y, Ding Y. Progress in electrical energy storage system: a critical 

review. Prog Nat Sci 2009;19:291-312. 

[10] Rashid, M.H. Power Electronics: Circuits, Devices, and Applications, 3rd ed.; Pearson Education: New 

Delhi, 

India, 2003.  

[11] Kusko A, Dedad J. Stored energy - short-term and long-term energy storage methods. IEEE Ind Appl Mag 

2007;13:66--72.  

[12] Yao K, Chen S, Rahimabady M, Mirshekarloo MS, Yu S, Tay FE, et al. Nonlinear dielectric thin films for 

high-power electric storage with energy density comparable with electrochemical supercapacitors. IEEE Trans 

Ultrason Ferroelectric Freq Control 2011;58:1968-74. 

[13] Karden, E.; Ploumen, S.; Fricke, B.; Miller, T.; Snyder, K. Energy storage devices for future hybrid electric 

vehicles. J. Power Sources 2007, 168, 2–11. [CrossRef] 

[14]  Hadjipaschalis, I.; Poullikkas, A.; Efthimiou, V. Overview of current and future energy storage technologies 

for electric power applications. Renew. Sustain. Energ. Rev. 2009, 13, 1513–1522. [CrossRef] 

[15] Dunn, B.; Kamath, H.; Tarascon, J.M. Electrical energy storage for the grid: A battery of choices. Science 

2011, 334, 928–935. [CrossRef] [PubMed] 

[16] Divya, K.; Østergaard, J. Battery energy storage technology for power systems—An overview. Electr. Power 

Syst. Res. 2009, 79, 511–520. [CrossRef] 

[17] Lukic, S.M.; Cao, J.; Bansal, R.C.; Rodriguez, F.; Emadi, A. Energy storage systems for  automotive 

applications. IEEE Trans. Ind. Electron. 2008, 55, 2258–2267. [CrossRef] 

[18]  Zhang, Y.; Feng, H.; Wu, X.; Wang, L.; Zhang, A.; Xia, T.; Dong, H.; Li, X.; Zhang, L. Progress of 

electrochemical capacitor electrode materials: A review. Int. J. Hydrog. Energy 2009, 34, 4889–4899.[CrossRef] 

[19] Cianchetti, M.; Mattoli, V.; Mazzolai, B.; Laschi, C.; Dario, P. A new design methodology of electrostrictive 

actuators for bio-inspired robotics. Sens. Actuators B Chem. 2009, 142, 288–297. [CrossRef] 

http://www.ijcrt.org/


www.ijcrt.org                                                                © 2022 IJCRT | Volume 10, Issue 10 October 2022 | ISSN: 2320-2882 

IJCRT2210239 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org c47 
 

[20] Ortega, N.; Kumar, A.; Scott, J.; Chrisey, D.B.; Tomazawa, M.; Kumari, S.; Diestra, D.; Katiyar, R. Relaxor-

ferroelectric superlattices: High energy density capacitors. J. Phys. Condens. Matter. 2012, 24,. [CrossRef] 

[PubMed] 

[21]  Wawrzała, P.; Korzekwa, J. Charge-discharge properties of PLZT x/90/10 ceramics. Ferroelectrics 2013, 

446, 91–101. [CrossRef] 

[22]  Patel, S.; Chauhan, A.; Vaish, R. Enhancing electrical energy storage density in anti-ferroelectric ceramics 

using ferroelastic domain switching. Mater. Res. Express 2014, 1, 045502. [CrossRef] 

[23] W. Cochran, Advances in Physics, 1960, 9, 387-423. 

[24] W. Känzig, in Solid State Physics, Elsevier, 1957, vol. 4, pp. 1-197. 

[25] M. E. Lines and A. M. Glass, Principles and applications of ferroelectrics and related materials, Oxford 

university press,2001. 

[26] X. Hao, J. Adv. Dielectrics 3 (2013) 1330001 

[27] Yang, D., Gao, J., Shu, L., Liu, Y. X., Yu, J., Zhang, Y., Wang, X., Zhang, B. P., & Li, J. F. (2020). Lead-

free antiferroelectric niobates AgNbO3and NaNbO3for energy storage applications. In Journal of Materials 

Chemistry A (Vol. 8, Issue 45, pp. 23724–23737). Royal Society of Chemistry. 

https://doi.org/10.1039/d0ta08345c 

[28] Zhuo, F., Qiao, H., Zhu, J., Wang, S., Bai, Y., Mao, X., & Wu, H. H. (2021). Perspective on antiferroelectrics 

for energy storage and conversion applications. Chinese Chemical Letters, 32(7), 2097–2107. 

https://doi.org/10.1016/j.cclet.2020.11.070 

[29] Zhuo, F., Qiao, H., Zhu, J., Wang, S., Bai, Y., Mao, X., & Wu, H. H. (2021). Perspective on antiferroelectrics 

for energy storage and conversion applications. Chinese Chemical Letters, 32(7), 2097–2107. 

https://doi.org/10.1016/j.cclet.2020.11.070 

[30] Chauhan, A., Patel, S., Vaish, R., & Bowen, C. R. (2015). Anti-ferroelectric ceramics for high energy density 

capacitors. In Materials (Vol. 8, Issue 12, pp. 8009–8031). MDPI AG. https://doi.org/10.3390/ma8125439 

 

 

 

 

 

 

 

 

http://www.ijcrt.org/
https://doi.org/10.1039/d0ta08345c
https://doi.org/10.1016/j.cclet.2020.11.070
https://doi.org/10.1016/j.cclet.2020.11.070
https://doi.org/10.3390/ma8125439

