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Fig. 1 Comparison of power density (P4) and energy density (£, ffefent energy storage devices (Ragone
plot). The shock power sources based on lead-based ferr: ma!rials (LBFM) and lead-free ferroelectric
materials (LFFM) exhibit th est power densities.
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Fig. 2 Typical application scenarios of ferroelectric pulsed power systems.
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Fig. 3 (a, b) Schematic diagrams of the typical ABO;perovskite crystal structure and spontaneous polarization; (c)
schematic diagram of the macroscopic ferroelectric hysteresis loop (P-E curve).
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Fig. 5 Comparison of key performance parameters for classical ferroelectric materials: (a) relationship among
density (p), P4 and P;; (b) two-dimensional relationship between p and Py.
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Bjo.sNag sTiOs-based!!?] 5.85 38 1.177 3.04
AgNbO;[71] 6.4 38 1.500 0.81
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Fig. 7 Discharge profiles of BNT ceramics under different shock pressures('3l,

BEAN,  SRABLAR) T F AR AR R R AR AR e BBk F ik &R b . DA BFO R & 911,



mOE Y B F R

CHINESE JOURNAL OF HIGH PRESSURE PHYSICS

2023 4 Zhou 5 AHiRi& 1 BFO 2k F i & B b oy 22 A0 AT A[78]. Wil 8 Frw, BFO fE 1.8-
6.9 GPa iy [k 7t [ P Y sl 45 SRR B, ﬁﬂ%&ﬁfﬁ&tu%@mﬁﬁi,ﬁTmE
X B AR R Re e MR TR RS, Rt A B o TR D SRR . M H IR 2R
BERFAERT, MﬂW%%k%\ﬂ%mwﬂﬁﬁﬂﬁm

a) 1.8 GPa b)3.2GPa (€)4.1GPa  r=60.3%
(a) (b)

] P=18.1
r=27.3% { 120

=5.7% P=8.2
P=1.7 ) I

i W

(d) 5.4 GPa

[
=

o0

P (uC/em’)

-
=

Release current (A)
=

e

r=78.3%
P=235

.

P (uC/em?)

Release current (A)

=

' Time‘(ps) : Time (us) Time (ps)
Kl 8 BFO fi B AEAN [l [ 7 (O (R [ 78]
Fig. 8 Discharge profiles of BFO ceramics unden different’Shock pressures [78].
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(a) Piezoelectric effect (c) Ferroelectric effect (e) Coupling effect
Shock wave Shock wave Shock wave
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Fig. 9 Piezoelectric and ferroelectric effects under shock compression andithécortesponding classical
electrical responses.
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Ferroelectric effect
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Fig. 10 Schematic diagram of the impact electrical response of ferroelectri¢ ceramicsibased on the
ferroelectric effect.
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Fig. 11 Schematic diagram of the impact electrical response of ferroelectric ceramics based on the
ferroelectric effect.
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3.3 MEHEHSRBIRSHIZES
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Fig. 12 Comparison of loading states: (a) quasi-hydrostatic loading in a static diamend-anyil«cell (DAC) and (b)

uniaxial strain non-equilibrium loading by dynamic shock waves.
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Fig. 13 Comparison of the relative lattice volume versus pressure (V/V,- P) evolution between silicon (Si) and
typical ferroelectric ceramics under high pressure [13,71,75,78-90].
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Fig. 14 Dynamic phase transition process of KN ceramics [76].
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Fig. 15 Comparison of phase transition processes of PZT ceramics under hydrostatic and dynamic pressures [24].
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Abstract: Ferroelectric ceramics have become a core medium for pulsed power devices owing to
their high remanent polarization and shock-induced depolarization via structural phase transitions.
This review systematically summarizes the research progress on the electrical response behaviors,
theoretical models, and phase transition mechanisms of perovskite ferroelectsic,ceramics under
shock wave loading from the 1950s to the present day, particularly over the pasttwo'decades. The
reviewed material systems include the lead zirconate titanate family and lead-frée systems such as
bismuth sodium titanate based, potassium sodium niobate based, bismuthiferrite based, and silver
niobate based systems. Regarding material evolution, the transition~from traditional high-
performance lead-based dominance to novel lead-free systems featuring high energy density, high
power density, and environmental compatibility is outlined. Inyterms of theoretical models, the
broad evolution trend of discharge waveforms with shock pr€ssure is‘analyzed, and the development
from the constant-current source model, phase transition kingtic.model, to the relaxation model is
summarized, with a focused review on the "piezoeleetric-ferroelectric" dual-mechanism discharge
framework and the construction logic of the shock fetroele€tric equation of state covering the full
pressure range. Concerning physical mechanisms, the ‘essential differences in phase transition
behaviors between dynamic shock and static<high-pressure loading are emphasized, and tthe
microscopic mechanisms are elucidated, specifically the lowering of phase transition barriers by
uniaxial stress and the broadening of the transition window arising from polycrystalline orientation
statistics. Finally, current limitations such as the phenomenological nature of piezoelectric models
and the inadequacy of multiseale’non-equilibrium simulations are identified, and future directions
including machine-learning-potential molecular dynamics and texture engineering are discussed.
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