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Fig. 1. SEM micrographs of unpoled PZT 95/5 ferroelectric ceramics with different porosities (a) 0 wt. %
PMMA; (b) 1 wt. % PMMA; (c) 2 wt. % PMMA; (4) 3 wt. % PMMA.
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Fig. 2. SEM micrograph of spherical pore in the porous

unpoled PZT95/5 ferroelectric ceramics.
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Fig. 3. Surface speckle image of PZT95/5 specimen.
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Fig. 4. Error assessment of DIC method.
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Fig. 5. Stress vs. strain curves of porous unpoled
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PZT95/5 ferroelectric ceramics.
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Fig. 6. SEM image of recovery PZT95/5 specimen (a) plateau region; (b) near fracture point.
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Fig. 7. Typical axial strain vs. radial strain curve of

unpoled PZT95/5 specimen.
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Fig. 8. Axial stress vs. axial strain, volume strain and

radial strain curves of unpoled PZT95/5.

N f)oq. JT PZT95,/5 8k v B % AH A T 4f of A4 AR
AR 2 e A S AR A TR M TE il 1R) B g 5 AR AR
A il 2 b AT Ui 4 1 21 FE 42 M 0 e A A el e
AT WG RN ) o, MBS TSk R. 5
Ab, FER A B ) 548 1A R AR T 2, 250 MPa Akt
LT B AT, % s Ll 1 R AR D 0.4%, 1T A

800 . . . . . .
700F @ pzTos/s 14 B ]
600 :
500

400

41/ MPa

300

200

100

400 T T T T
()
350 F
300 F

250

71/ MPa

—o— 14.5% |
—o— 14.3%
——15.0% A

BEAE /%

9 DB R Y = 4B S A 7 77 - AR o 2

g n n n 1 n
0 0.24 048  0.72  0.96 1.20

K8 TR 1A TR Bl 5N ) o e T WA T 4R
G S8 oq, AR T o, 15 8/ 1 5E 5 47
SRR 4R, LEHT T 4 A TR GR B R AR L
PZT95 /5 % FL Wi e AH AR 1o it v 1 7 2 326 T 386 g,
WAFRATAT LLE R WA PZT95 /5 £k e J e ) A0 A5
N7 58 SURNAT — 2 FEAH & f 5% 42 4 AFE 4 fu i
XFRLRIE T, IR AAZN T AR B3R T o

3.3 FLERERIFMN

SEBGRT, R FH S T BT SR Al v 0 =R T
AR B AT TR %
S PZT95,/5 8k HiL B % (15 B 249 8 8000 kg/m?,
R A ) 2 ) — R 00 2 S W B A, T B B
HAERNMAFERIFLBRER. SRJG, XF 14, 24, 34 Fl 44
U Fofr R AR A AL B KN EAT i i, S AL B %6 L
BB T = E RS, B9 (a)—(d)
Oy H 14, 24, 3H# FA# TUFRFE =HESR
PESZI0 IR 1 R 7 - AR 2. T e B 28 Rk T
&, BEOgh Ny -8 AR i 2 1) F AT T L R A
(. BT IX e SO0 K, SR8 AL B X AR AR AL
PZT95/5 £k F P 7 71 2 11 BE 1) 52 M.

600 T T T T T T
(b)

PZT95/5_2
500 /5-2# .
400 - .

300 E

JL‘TUJ/MPa

200 - .

Ej]/MPa

100

1.2

BAE /%%

(a) 14; (b) 2#; (c) 3#; (d) 4#

Fig. 9. Stress vs. strain curves of unpoled PZT95/5 with different porosities.
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Fig. 10. Elastic modulus vs. porosity curve of unpole
PZT95/5.
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Fig. 11. Compressive strength vs. porosity curve of
unpoled PZT95/5.
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Fig. 12. Fracture strain vs. porosity curve of unpoled
PZT95/5.
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Fig. 14. Optical and SEM images of bulk metallic glass
after compression [26],
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Fig. 15. Critical stress vs. porosity curves for the

beginning of domain switching and phase transforma-

tion.

op = 136.6 — 3.2¢. (4)

Tuttle %5 [ FEWF 7 F K IE T 2L PZT95/5 ¥k H
BEABARAT i R BRASCFLA (R N £ 51 A KL A
AR N 77 0 2 2 FEAR, AT 9 LT 51 1 R 7
S ST R IR A AR S 1 Y
A B & T AMEM E N A, WY ELEZ IR
XA R AR SR, EATTRIARAR R
AL, WRTHTR, PZT95/5 8k b &k 438
75 FE AHE|IE 28 AFE AHAH A8 1) — A~ g BURRE it 2
e B AR R A S 2 AR A I LR AT 3R H — AN A AR
FEUAFI AR R AS HE. 1 16 25 T AR AR HF 46 1 44
RN AR i 25 FL IR AR AL i 2, AR rT DUE 2422
FEUGE B SR R AR T A AR T FLER 2, HR
R B FLRRR I3 N, KAk PZT95/5 [ AHAE

Iy 5 WL 77 MR ARG AR AE g, i e AT B, B
PRRANIAR, AT LLORFFESE. ARAZTT 4R 1 514
AR A T LRI R AT RS A KL
FLARMAL PZTI5/5 Bk F B B AR L 1 ) “# A M 7Y
.

0.20
0.18
0.16 |
0.14

0.12F 1 i
o0 T

0.08
0.06 -
0.04
0.02

0

AHAS BN AR / %

> 4 6 s 10 12 14 16 18 20
LB /%
16 AR BUSARE TLRE MK R

Fig. 16. Phase transformation volume strain vs.

porosity curve.
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Abstract

Four kinds of unpoled lead zirconate titanate (PZT95/5) ferroelectric ceramics were fabricated in a range of different
porosity levels by systematic additions of added pore formers. By using the non-contact digital image correlation (DIC)
optical technique to measure the full-field strain, the response of unpoled PZT95/5 ferroelectric ceramics to statically
applied uniaxial stresses was investigated. The influences of porosities on the mechanical behavior, domain switching,
and phase transformation of the porous unpoled PZT95/5 ferroelectric ceramics were explored. All the measured stress
versus strain curves for the tested porous unpoled PZT95/5 ferroelectric ceramic samples can be divided into three
stages: the initial linear elastic region, the approximate plateau region, and the second linear elastic region, similar
to the behavior of foam or honeycomb materials. However, the deformation mechanism of porous unpoled PZT95/5
ferroelectric ceramics should be attributed to the domain switching and phase transformation processes, but not related
to the collapse of voids. With the increase of porosity, the elastic modulus, fracture strength and fracture strain of the
porous unpoled PZT95/5 ferroelectric ceramics would decrease. Effect of dispersed voids does not improve plasticity of
the porous unpoled PZT95/5 ferroelectric ceramics, which is mainly attributed to no effect of the pores on the obstacle
and proliferation of crack propagation during the axial splitting failure processes. Critical stresses of the domain switching
and phase transformation decrease linearly with increasing porosity. The macroscopic critical volumetric strain needed

for phase transformation is independent of the porosity in the unpoled PZT95/5 ferroelectric ceramics.

Keywords: unpoled Pb(Zrg.95Tig.05)O03 ferroelectric ceramic, porosity, mechanical behavior, phase

transformation
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