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Abstract: Explosive pulsed powers (EPP) based on the shock-compression-induced depolarization effect of ferro-
electric or piezoelectric ceramics are found important applications in the area of high pulsed power supplies. A par-
ticular lead titanate-lead zircaonate (PZT) solid solution with a Zr : Ti ratio of 95 : 5, denoted by PZT95/5, was identi-
fied as a promising material for this application. Recently, porous PZT95/5 ferroelectric ceramics are attracting more
attention due to their enhanced performance under shock compression. In this article, progress of porous PZT95/5
ferroelectric ceramics in the past decades were reviewed. The dependence of porous microstructures, such as porosity,
pore size and morphorlogy, pore distribution on the property were emphasized. Porous PZT95/5 ferroel ectric ceramics
with specific porous microstructure was found exhibiting superior performance under shock wave compression. Theo-
retical and experimental results found the mesoscopic mechanism for porous PZT95/5 ferroel ectric ceramics to exhibit
excellent shock damage resistance. In the final section, new ferroelectric candidates, such as BNT-based ferroelectric
ceramics and PIN-PMN single crystal, for EPP application were aso reviewed and prospective research work in the
futureis proposed.
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Fig. 1 Typical hysteresis loops of PZT95/5 ferroelectric
ceramics
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Fig. 2 Microphotography of porous PZT95/5 ferroelectric
ceramics with different porosities via PMMA[?"
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Fig. 3 SEM images of (a) Dextrin, (b) PMMA, (c) PZT 95/5
ceramics with Dextrin as pore formers and (d) PZT 95/5 ce-
ramics with PMMA as pore formers?>%

Storz 25PN IRTFE 4 B, RN A BN AL R AN &
KT 2 4L PZT95/5 &P &5 T, 38 1 &
5B REMOR G B PTIC S, 1o L PR T Bk H - sk
HAHAS I . 241 PZTO5/5 2k Ll 145 (13X e AR s 0t
PZT95/5 4k Fi Wi &6 71 2k FL A7 v Ty 2 ik v FE 9058 76T 2
AR

et B 0 3o H P R IR 7T T AL R X b4
BHERERISZMR, FETSLi0sdE, @57 17 2L PZT95/5 %k
L, o RS XD 8 A AN A i 8 R A HL 0 AL R 2 [R] Y

ERR AR
P =36.41-64.48p (p<56%) (1)

2 p2/ 3 p2/ 3 (2)

65@3/50—3K33+1XK33 K23
2 3R (2) HI @S MR B 5 LA 4 ) 2 A1 i)
S AR RO R RE, T TR U A R 1
ERENIETE L. M Neilsonl® 2 H #2402k
L REAE I RE B TN E=P Y 2e0e;, Horf Py 2T
RIAHRTE, o0& H SN HHE L, e SR M/ B 2L
AR A W A T FEE RTRE K A LR Bk T AR i
Re® . JET Uk, nrARHE Sbs A2 R 6l fe %
M ZR BT AN SILR

F Kk W 4 PSR g T s I 4 R FL R R X
PZTO5/5 4k F M) e 1) 7 27 M J87 5 J5C Flu R P (1 B2
SEREOR, 271 PZT95/5 Bkt & ki g I
GERFE . WS FIAH AR TF 46 I S 7 Bl A FL IR 2R 4
IR VRN, TR AR H R O R
LS AHAZ s SRR AR 55 FLBR R 56 RANHA &k o 1 HL
T LI B o PZT95/5 £k i Fa % i i 1k,
XGRS T PZTO5/5 42 v B i ik 17 B% L A A
oLy IR EE

Setchell 251335 (g o o7 3ot i % 52 56 F 9 % B,
ZFLHER B Hugoniot 2k 544 ka5 R 35 UIAH %,
PRER R, VIR AR AL SR K, B AS R R AR A
Ko DRk, FeRb d i A0 sh 45 J AR i (Bl 2 L R %R
(384 I T A o v 3 fe 3O ey b b o 8 S 36 F 9 38
RBL, 38 0L B2 2 3 ik B FE 3G, 1 5 AL
B R B 83 0 2 51 2 o o R S P 5% Y ang 2512
ARG T 7.11~7.78 glem® % 5 [ £ FL PZT95/5
PR P R AR SR N AT, KIALBR R B E
M) 2 A% A PR JAE IR (LRI AE AR I 77, R T A AR T
DL ARFR AR TG B 50 . IX LU 97 25 SRR HFLER %
2 E A 22 L PZT95/5 £k i b s 1 HL 2 A0 ) 2 1 g
1.2 FARESFLRTHAIKAIZFL PZTI5/5 $XHE
MESIZ R MR

7E Storz 1 Dungan®*® i afF 5t T AR, Al 158
IR MCC Fl PMMA i FL 7 SR 3R A3 A [F) < 5L
RSFRITEIR K 2 5L PZT95/5 2 B & : MCC 7= A4t
RAAL, RALKEKRTF 20 um, % 5~15 pm;
PMMA JERERTE S fL, BE A% 50~100 pm. JEd
BN ER S50 L AL T S ALTIR B RS SF#4 kL 3
ATERERISE M, 25 SR IS LT RN o gl 7

*
533 =833 1+



156 AL M OB R

FE L FeMAb s DA R R T o 1 RE IS TE W R

Yang % PHE g T A [ 26 R i AL A £ AL
PZTO5/5 kML P % AE 55 80 Ik N 1) £ WMAAT A5
i FEFLBRZAR R 2640 R, HEHIRRSLALEL, BR0E
AL 2 FL PZT95/5 £k H i & H A B i AR U
FAR IR 17 (~10%) 2 B AX. HoL 90 18 L (~7%) DA B B AR
(0 FH AR S %, i 2 A A B IR0 0T T 398 s ik o rL DR v i
FAF TR AT B EE R . BAARRIEA ALY
A P 2 v W S () RT) G AF AR T 7 B s T AN R TR AL
SERIR kR R, EHLAS AR S AL Bk BB B A
AT R REL, XA G5 R B SRR A K
w2 R st R B, RA R Z AL
PZT95/5 P&t LE AT AR L) 2 £ PZT95/5 M %
BAESMIRERE. BIRN . EHRARHE. FR
WAGTREE . S o B P i R R .

18 B 23N 5 95 £ A% 7l (1.8~60 pm)BF9E T
IEFLFR ST ALBR R . pRFLTEAR DA 1 B 1 52,
WE 4 Fron. SRR, MIEFLFRIR /DT 808 A
MF AR ST, AEARAE R AL ARGE S FLE R
I LR 45 T B ) RAL ) 2 TR A AR R 1) =S
B v RS T v S AL T DL B 4 2 JE AR E AL
Ko FLAERSE K PG FLAS FLBUR I oT sk ok, 3
H LB R 2 N ARIEFL R R A AEARMEFLB R 2 . Y
LRI RS R T @R RS, SRR LA S
& LI AR FF S A BT 243 L RS A 2 el
NTF R RSERS, BALIE IR T AR S FLIEIR .

BT, AEE TR VR A2 R B 40 K (CNT)fE
RIEFLF, 75 PZTO5/5 £k H e B I ik Py 383k 1
BB 2 MM LB AL, LA~ pm,

=

B4 AIEREEFLI 2 FL PZTO5/5 2 fi g % SEM [ A7
Fig. 4 SEM images of the porous PZT95/5 ceramics with
different pore sizes®"!

(a 1.8 mm PMMA spheres; (b) 5 um PMMA spheres; (c) 15 pm
PMMA spheres; (d) 60 um PMMA spheres
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Fig. 5 SEM images of cross-section of PZT95/5-CNTs and
PZT95/5 ceramics®
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Property ferroelectric ferroelectric
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Fig. 6 Schematic illustration of a ceramic with multiple dis-
tinct region of density!*!
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Fig. 7 Schematic diagram (8) and SEM images of polished
fracture cross section of sandwich structure PZT95/5 ferroelec-
tric ceramic: (b) full cross section; (c) dense layer; (d) porous
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Table2 Relationship catalogue between physical property
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