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Finite element simulation:

The electric field distribution in the PLZST/PVDF composite was analyzed by
COMSOL electrostatics module. Two-dimensional models with a dimension of 10 %20
um2 were established, where triangle mesh was applied to simulation. The dielectric
constants of PLZST and PVDF were set as 550 and 8.6 respectively. A high voltage of
5 kV was applied as the top boundary condition, while the bottom boundary was
grounded. The composites with different contents of PLZST were simulated for
comparison.

The growth process of electrical trees in the PLZST/P(VDF-HFP) nanocomposites
was simulated using COMSOL electrostatics module. In the simulation system, a
rectangular lattice with a size of 8 x 10 pm? is designed. The terminal voltage is set as
4800 V at room tempeauture. The permittivities of the PLZST and P(VDF-HFP) were
set as 550 and 8.6, respectively. In the dielectric breakdown model (DBM), the

probability of tree channel growth is shown in the following formula:

@. ) D,
. A ik ik
P(i,k—ik)=A +B +c

(@) Po

P, is a threshold of electric potential, and the fractal dimension # = 3. The coefficients

of A, B, and C decide the weight of each term in the equation.
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Fig S1. (a) TEM micrographs and (b) grain size distribution of the PLZST NPs.
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Fig S2. Surface SEM images of PLZST/P(VDF-HFP) nanocomposites. (a) 0.3vol%
PLZST; (b) 0.5vol% PLZST; (c) 0.7vol% PLZST; (d) 1.0vol% PLZST.

(a) (b)
—=— P(VDF-HFP) ; 0.9 —=—P(VDF-HFP)
—~ 30 ——o03vor%sPLZST 5" o | —03versrLzsT
& ——05vol% PLZST 5 g —a—0.5vol% PLZST
2 25| ——0.7vol% PLZST HE 8 — 0.7 vol% PLZST
g ——10va% PLZST  § 2 0.6 ——10vol%PLZST
£ 20} 2 3 Tom
<@ O=FVDF 03 05 07 10 : in‘m
i g 0.3 1
% 10 :.h"""'-I-I-..._._._._.____ E M
a a " et omen ot
5t s
0.0+ A
0 1 1 1 1
1 10 100 1000 1 10 100 1000
Frequence (Hz) Frequence (Hz)
c d) -
( L 1E-5 ( )°-‘ 1.2+
'v'E E P Current density
2 1E-6 < @ 50 MV-m
st =091
£ 1E7 X
£ =
] =061
=
< 1E-8 P(VDF-HFP) E
@ ® 0.3vol% =
S 1E9L 4 05vo1% £03r
(&) v 0.7vol% t
1E-10F ¢ LO0vol% =
. 1 " 1 . L . Q 0_0
-100 =50 0 50 100 PYDF 03 05 07 1.0
Electric filed (MV-m™) PLZST content (vol%)

Fig.S3 (a) and (b) The dielectric content and dielectric loss of PLZST/P(VDF-HFP)



nanocomposites at low frequencies. (c) The leakage current density of nanocomposites
with different PLZST contents at 10 Hz. (d) At 50 MV -m'!, the leakage current density
of PLZST/P(VDF-HFP) nanocomposites.

1300

1200 |

1100

1000
) ] I
800

0.3 0.5 0.7 1.0
Filler conent (vol%)

Maximun electric filed (MV/m)

Fig S4. The highest global electric field strength of PLZST/P(VDF-HFP) composites.
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Fig S5. The conduction loss of PLZST/P(VDF-HFP) nanocomposites.



Table S1. Comparison of energy storage properties of PLZST/P(VDF-HFP)

nanocomposites with other representative dielectric polymers and nanocomposites.

Samples E, (MV/m) U. (J/cm?) n (%) Referenc
e

BT/PVDF/PI 370 14.2 51.2 []
BT-CF/PVDF 263 5.6 57 [2]
BT-BLN/PVDF 497 14.2 55.5 [3]
BT-Ag/PVDF 350 10.25 64 [4]
BZT-BCT/PVDF 310 7.86 58 [5]
CCTO@AIL,0O5/PVDF 340 8.46 54 [6]
BNNS/BT/PVDF 600 13 71 [7]
BT/PTFMPCS 466 14.64 52.5 [8]
ST@PDA/PVDF 360 9.12 61.1 [9]
BT/PVDF 410 16.2 62 [10]
PDA-SiO,@BT/PVDF 510 14.7 68 [11]
MXene/PVDF 280 7.8 65 [12]
BT@ Al,O;/PVDF 450 12.37 63.7 [13]
NBT/PVDF 350 11.7 63.21 [14]
BT/MgO/PVDF 416 15.55 68 [15]
c-PVDF/BNNS/mBT 400 5.2 68 [16]
BT@TiO,/PVDF 500 9.95 65 [17]
BZT/PVDF 380 6.3 67.1 [18]
mBT/PVDF 517 11.27 60 [19]
NBT-SBT/PVDF 500 15.3 60 [20]

PLZST/PVDF 510 15.83 74.17 This work
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