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Abstract: Film capacitors are the core electronic components of modern power devices and electronic equipment.
However, due to the low dielectric constant, it is difficult to obtain high energy storage density (effective energy
storage density or discharged energy density) for present film capacitors, leading to a large device size and high
application cost. To improve the energy storage density of film capacitors, a nanocomposite approach is an effective
strategy via combining high dielectric constant of the ceramic nanoparticles with high breakdown strength of the

polymer matrix. Nevertheless, for single-layer structure of 0-3 polymer/ceramic composites, the dielectric constant and

Wi B #A: 2022-06-19; WEMER TR BHA: 2022-09-21; MZHARAHE: 2022-10-28

BEL£WH: EXAARBFES(52162018); H [H M2 Bl 2 5 4:(20202056056001); 717444 7% H 75 4 55 4:(20224ACB214007);
A B2 R S 90 AR G T TR 43:(Y C2022-5703)
National Natural Science Foundation of China (52162018); Aeronautical Science Foundation of China

(2020Z2056056001); Jiangxi Provincial Natural Science Foundation (20224ACB214007); Innovation Special
Foundation for Graduate Students of Nanchang Hangkong University (YC2022-s703)

fEF = W F£(1983-), F, 1L, W, E-mail: xieb@nchu.edu.cn
XIE Bing (1983-), male, PhD, associate professor. E-mail: xieb@nchu.edu.cn



138 1 A 7 < = S

38 %

breakdown strength are difficult to be effectively enhanced at the same time, which limits the further improvement of

energy storage density. To solve this contradiction, researchers have combined the composite film with high dielectric

constant and high breakdown strength in a superposition to prepare 2-2 type multilayer composite dielectrics, which

can achieve synergistic regulation of polarization strength and breakdown strength to obtain high energy storage

density. The optimization of electric field distribution and the synergistic regulation of dielectric constant and

breakdown strength can be achieved through mesoscopic and microstructural modulation of multilayer composite

dielectrics. In this paper, the research progress of multilayer polymer-based composite dielectrics including

ceramic/polymer multilayer structure and all-organic polymer multilayer structure in recent years is reviewed. Effect

of multi-layer structure control strategy on the improvement of energy storage performance is emphasized. Moreover,

enhancement mechanism of energy storage performance of polymer-based multilayer structure composite dielectric is

summarized. Finally, challenges and development directions of multilayer composite dielectrics are discussed.

Key words: film capacitor; multilayer polymer-based composite dielectric; dielectric constant; breakdown

strength; energy storage density; review
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Fig. 1 PVDF-based composites and sandwich-structured BT/PVDF composites
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(a) Electric field distribution simulation diagram; (b) Breakdown field strength;
(c) COMSOL multi-physics field simulation; (d, ) Energy density



140 T ML K 2

i ¥ 385

AR, ¥ BT GUKRURIE 78 31 2= 2 FL I ik
FE(HPO)H, LL BT@HPC NIEERL, #it Il T
BT@HPC/PVDF Ay b F#lAb )=, 4l PVDF Jyrfalfif
JE 2 B A -t 28 2 -2 = IR 4 5 G M Rk
(E 2(a)). FIH BT 5 HPC Z [A]7 i fif B 25 1 5 5
R (E 2(b1~b5)), AE KIEIE RS PVDF (1)
A HUH $(~39). PVDF {ENHEZ, #% 7 ERS
%ﬁﬁ%%ﬁﬂﬁ%ﬁmﬁkEE&&%B%EE‘J%%E

Ao ZE B AMCA Rk T B AR AL bR
B, A ER A T AR R 8 I BELRS  5F HR A

MAEKMBTFITR, f&m T E6M e 5 mE
(B 2(c)), MLl 7 RE T80 it BE % BE (] 2(d)).
FHXTT PVDF SREkHR G, 5N R
I (PMMA) SR A FLH H 26 10 3R & 1 B AR )
S FELARRE AN B i 1 R AR B A, AN AT DUAE i %
JEIMARZ ZE &R R s r R, B RefH
5 B A IR, WA S 2 25 SR
PR 5 R ANk e BEC . Chen 2511004
PMMA AN [a| 425 2, P(VDF-HFP)ASMEALZ, %
Dl #& 1 v e B S OB AR S A L2

e -/ BT@HPC/PVDF layer 1+© I °
4 . $
Dryin Hot pressing -
iy PVDF layer~ . >~ ol § - g
Sandwich-structured 5 3
olymer composite | —1 1 9
ST BT@HPC/PVDF layer ROV P < 3
Lol f °
=l 2 o °
o
-3 @ 5
° ¢ » o ° 9 707
4 1 1 1 1 1 1 ° |9_0-9
50 100 150 200 250 300 350 400 450

PVDF @Positive charge oNegatlve charge% BT@I{PC # BT@HPC with SC

Electric field / (MV-m™)

~12

g |@

210

2 8r

4

8 6l

@ ——PVDF
g 4 —o—1-0-1
b=l ——3-0-3
g" 2 —a— 5-0-5
S —o—7-0-7
B 0 [oooe! oo ——9-0-9
[a) 1 1 1 1 1 1 1 1

R O 50 100 150 200 250 300 350 400 450

Electric field / (MV-m™)

K 2 BT@HPC/PVDF 5 &4 K27
Fig. 2 BT@HPC/PVDF compositel*”

(a, bl) Schematic diagram of preparation and space charge polarization distribution of BT@HPC/PVDF composites; (b2) Microcapacitor networks
constructed by BT@HPC; (b3) Generated space charge region (SCR) surrounding BT@HPC in the PVDF matrix; (b4) Space charge regions in
single-layer structural composites; (b5) Three-layer structural composites; (c) Weibull breakdown distribution; (d) Discharged energy density
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(a) Schematic illustration of PMMA/P(VDF-HFP) films; (b) SEM cross-sectional image;
(c) Discharged energy density; (d) Charge—discharge efficiency
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