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Review on Barium Titanate Based Composites with High Energy
Storage Density

WANG Yajun, WU Xiaojuan, ZENG Qingxuan
State Key Laboratory of Explosion Science and Technology, Beijing Institute of Technology, Betjing 100081, China

Abstract Dieleciric materials with high dielectric constant are widely used because of their excellent properties in energy storage, and
play an important role in the area of electrical and electronic technologies. With the development of electronic industry, high energy
density dielectric materials attract more and more attentions, and various novel dielectric materials with high energy storage density were
developed. Dielectric materials with high energy storage density have high dielectric constants and high breakdown strength. It is an
important issue to improve the energy storage density of dielectric materials. This paper reviews the latest development of high energy
storage density dielectric materials, and discusses the modification of barium titanate to improve the energy storage density. Three
approaches are adopted to achieve high electric energy density, namely, doping modification, surface coating and composite materials
preparation. The main discussion is focused on the preparation of barium titanate/polymer composites, and the factors affecting dielectric
properties, of which the compatibility of interface between barium titanate and polymer is of great importance. The developing direction of
the composites is in the improvement of the dispersity property of particles in the polymer matrix, the selection of filling particles and
polymer matrix and the control of preparation process conditions.
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(a) D-E loops for P(VDF-TrFE) 75/25 (dotted lines) and P (VDF-
TrFE-CFE) 58.3/34.2/7.5 (solid lines) measured at 10Hz
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(b) Discharged energy density measured from the D-E loops and
effective dielectric constant as a function of the field amplitude
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Fig. 1 Relationship among dielectric constant,
electric field and energy density
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Table 2 Calculated dielectric constants of composites
consisting of particles with different shapes

AR ENChZ N A 2k

i

LSS MHE e, A e
1 7 (2Fi7 80 11.4
2 80 (2Fi7 7 49.2
3 7 =M 80 12.4
4 80 =¥ 7 45.5
5 7 Ik 80 15.2
6 80 I 7 36.8

E AT AR S h 28%,

Note: The volume fraction of the particles is 28%.
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F 3 ELFI TR E LT R R B
Table 3 Surface modification of ceramic particles by
different dispersing agents
SN A IR E S SCHk
Wi Bt B/
Ry AW

o BUBOR R A W R E) 55 [36]

I HL BRI L IR EE B2 BaTio;
ATPS BT/PL &M K, AEEETE [37]
35, /- FE S 0.0082

SRR BIF 4 BRI A
KH550 BT/PI . 38
WEG ik 51 [38]

KH550  BT/PI SR RAT A HE BT A8 35 (39

eyt SRR BLAF A 465,
BT/PI 27
B SN 0.015 271

Rt T
=L )
Fi ;ﬁ; BB T 4EH 52 2R BLEE [40]
o T tERe

BEWi R BST/ER A PERESRE [41]

J& BaTiOs BLF A A W) B4 1 SE 0 i A ek i Tl 38 4122
AR BRI 2 IS BaTiO, R 7 6 R R B A W 5k b i 4
PERE
x4 BTEAHENTBEFG
Table 4 Dielectric characteristics of BT
nano—composite thin films

50% PEGPA-  50% PFBPA-BT/

Iriadite BT/PC P(VDF-HFP)
1kHz T4 L 3L 202 372
TR/ (MV-m™) 21020 210+50
1kHz T/ B #E <0.01 <0.07
FRMHREEE L/ (J - em™) 3.9 6.1

& :BaTiO; #F A 12 4 30—50nm, # F4k 4k 2 AT A 49 18 2 IMHz
B A
Note: Diameter of BT particle is 30—50nm, and frequency is IMHz in

the energy density calculation.
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B A L BN A RS A F P I AR AR ORI B Y TR Y
Lo B R A 5 W IR 7K 43 23 08 52 6 09 400 1R 40 A Tl B 0 e R
it 2 43 I B AIR 27°C AN 15°C, W) WL B 25 BaTiOs R 3R 1H 11
K G T A TG A B R AIG e P A 3 4 R 3 S 3 A UL W 3
B R e A AS 22 7 AR 0A Y T Ak o R R R S 1A
B K fEAEF R A W 45 H 028 AL AL AL T B S B A 5 R B
FHTEH
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Fig. 2 Dielectric constant of BaTiOs/epoxy composites
prepared by using BaTiO; nanoparticles before and after
surface modification in various solvents
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