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Pressure Sensing Properties of Porous Piezoelectric Ceramics

YE Jingjing, ZHOU Kechao, YAN Mingyang, ZHAI Di, XU Qiangian, ZHANG Dou, ZHANG Yan
(Powder Metallurgy Institute of Central South University, Changsha 410000, China)

Abstract: Two types of porous lead zirconate titanate (PZT) with different pore morphologies and porosities were fabricated by
freeze-casting and burnt-out polymer sphere techniques, respectively. The effects of porosity and pore morphology on the sensing
application of porous PZT ceramics were investigated. The result shows that the decreasing rate for piezoelectric charge coefficient
da3 is slower than that of relative permittivity & for porous PZT ceramics, leading to a better piezoel ectric performance for the porous
PZT rather than that of the dense ceramic. Moreover, ds; of porous ceramics with random spherical pores decreases, compared to that
of the porous ceramics with aligned pores. Therefore, the porous PZT ceramic with aligned pores has a higher output voltage. The
maximum output voltage reaches up to 84 V, which is generated by the 55.9% porous PZT with aligned lamellar pores under 8 N
external force. Thiswork is beneficial for understanding the effect of the pore characteristic on the sensing properties of piezoelectric
ceramics and provides a new ideafor the preparation of sensors with high piezoelectric coefficient.
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(b) Schematic diagram of the preparation of porous PZT ceramics by freeze casting (FC)
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Fig. 1 Schematic diagram of the preparation of porous PZT ceramics
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Table 1 Porosity and pore diameter of freeze-cast samples
with different solid contents

w(Solid content)/% Porosity/% Pore diameter/um
0 3 0
50 30+3 7
40 40+3 15
35 50+3 18
30 56+3 32

w—Mass fraction.

& 2 A[E PMMA RnERIFEH % FLIEREVFLERZFNFLIR
R~
Table 2 Porosity and pore diameter of BURPS samples
with different PMMA contents

w(PMMA)/% Porosity/% Pore diameter/um
0 3 0
5 10+3 15
10 30+3 15
15 40+£3 20
25 50+3 50
30 54+3 >50
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(c) Comparison of remnant polarization (P;) for both type of porous PZT ceramics
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24 BRI

K 7 RFLBR A 50.0%0 % 5L PZT P& AEHI[F
N33 AR F R B RE A8 IR R 3 43 A7 AL 90 A7 (1)
HIRTTHERLIE . mIK 7av] LA 1, ERENLZ L PZT
Ve B RE it R, N IR A 2 5 P AR R e 55 () F LT
BT . B 7e W 0L, B A3 S MU AR AR JZ A
HHE 7o AIE 7d 7T 0L, HLI AT SRS S R D)4y
ATFATEAL, IR IE BB e 1, B S
X = AR ORI N AR, T RTS BE (W g . 1E
BEMLZ AL PZT P&, B K30 IR I i FLEE ik
9 0.12 Vipm, TiAER A 2L PZT B & e K758

4 0.26 Vipm HILTE 245k . FEAR TR R 71351
', U 2L PZT W8 B3 Ve (B AH L TR L 2
fL PZT P& T 4 54%, F£WTEWZ L PZT
i) 5 B A I T AR N o S 40 e ] 7h R 7d BT,
a2 5L PZT M i B3 oy A 20, X gk —
AESE T B 6 M2 SR R e 2 AL PZT B R AT
= PSR
25 HLEMEE

BUHLAS & RS B 7 P RE 5 H RE 2 8] AH HL
R L, e WP & AL E AR & R kT H R (4)
%%[37]:



%5 51 &5 3 Mg S 2L R R IR AR IR I ) A S T RE < 745 -

nfrt tan[ 117( faI — frt)] (4)
2f, 2f,

T2 B M g 7001 D9 JBE RE VR M B JBE S VR AR
K 8 NEUE PZT FgE M 2 FiAFEFLIES 2 L
PZT P A A R FLER 5N LR & R AL keo B0

2 =

v (.41

(a) Force distribution of porous PZT ceramics prepared by BURPS

A 1.27%10°
}ilgrn
- - I
- - = 1.0
Py
L] ™ - & 0.8
- =
4 = ~ 06 E
| =
Ty
= - N — 0.4
-
-y
- 0.2
v 854

(c) Force distribution of porous PZT ceramics prepared by FC
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(b) Electric field distribution of porous PZT ceramics prepared by BURPS
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(d) Electric field distribution of porous PZT ceramics prepared by FC
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Fig. 7 Forcedistribution and electric field distribution of porous PZT ceramics
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Table 3 Piezoelectric properties of porous PZT ceramics
Method Composite Connectivity Porosity/% s/ (PC-NT) & Reference
BURPS PZT-Air 30 35.0-54.5 161-312 241-672 [39]
BURPS PZT-Air 31 5.045.0 210-298 310-1110 [40]
BURPS PZT-Air 3-0/3-3 11.0-54.4 260-409 518-1262 Thiswork
Gel casting PZT-Air 30 38.6-68.7 350490 390-951 [41]
FC PZT-Air 2-2 20.0-60.0 380460 600-1400 [42]
FC PZT-Air 31 36.0-67.0 170-400 427-969 [43]
FC PZT-Air 31 14.3-56.6 384-497 617-1560 Thiswork
3 é‘:lj: -i/f,} and structural health monitoring of aerospace composites: A review[J].
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SN . BURPS V2 il £ 79 1) B A BEATL AL 25 44 1)
Z AL PZT P, BHFLBRZE3E LIRS AN HAH
RSN

2) 2 FIE SR 2 £ PZT P&t FLER SR 38 I Ad
I LR R, PR 2 L PZT B A A
HWHON 1560 R 617, BEHLZIL PZT F'& I
XA HL A 1062 NREF] 317, TEAHFFLERZE T,
M 1) 22 FL B S (R AR X A FL S B AR

3) 2 MIESRMI L2 AL PZT W& BE FL IR 2 1
Tl R AL TR, HApER 2L PZT FER P A
27.3 uClem? T [%%] 10.3 uClem?, BEHLZ L PZT ¥
M 24.7 nClem® K %% 5.97 uClem?.

4) FEEFLBER N, B2l PZT &R
das SBENLZ L PZT M At b B R w18, i3k
157 TG R B AR I RE, QirE 8 N AN IERTE,
55.9% 1 HL A 2 FLBFEE 3RS T 84V I K fE .
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