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Absract: The piezoelectric properties of 0.65Pb(Zr1.4Tix)Os-0.35Pb(ZnyeNiyeNbys)Os (PZTx-PZNN) ceramics with 0.530<
x=<0.555 were investigated for application to piezoelectric energy harvesters. Although a morphotropic phase boundary
(MPB) was found at approximately x = 0.545, the ceramic with the highest figure of merit (FOM) (ds3xgss) was observed
at a composition of x = 0.540. Values of this figure of merit, dsxgss, of 19.6 pm%N and 20.2 pm%N were obtained from
PZTos540-PZNN ceramics sintered at 920°C and 950°C, respectively. A high output power of 937 uW and a high power
density of 3.3 mW/cm® were obtained from unimorph-type piezoelectric energy harvesters fabricated using PZToss0-PZNN

ceramic sintered at 920°C for 4h.
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Table 1. Das, £'ss/cn, gas, Os3xgas values and sintering temperature of PZT-based ceramics reported in literatures.

Composition dss (PCIN) e'a/ey gz (10° VMIN)  dssxgas (104, m#N)  Sintering temperature (C) Refs.
0.69PZT-0.31PZNN 600 1,700 40 215 1,100 [6]
0.72PZT-0.28PZNN 484 1,500 42 20.34 1,050 [8]

0.23PZ-036PT-0.41PNN 750 3,500 30.2 22.60 1,150 [9
0.23PZ-0.36PT-0.41PNN+ZnO 525 3,400 174 9.16 950 [10]
0.65Pb(Zro.42Tioss)-0.35PNN+CuO 620 3,750 18.7 11.58 900 [11]
0.5Pb(Zro2:Tioes)-0.5PNN 710 5,480 14.6 10.89 1,100 [12]
2oz g It} [1-5]. PZTO] £& ¢4l S4He 1

A

& A7 99(morphotropic phase boundary, MPB)
oAl =7 UEhAIgE, FOMQ] 7% tetragonal ¥4
o9l walid 90" moQlo] ©Jsto] tetragonality”Z}
27t diwol 4 AG AL daZo] AR
]2 o]2 <Isl non-tetragonal (pseudo-cubic)
o] tetragonal ¥ ErCt =7 Uepdtiil HIE
t}. [6,7].

PZT Aol 4 Matal FoA PZT-Pb(Zn.Ni,Nb)
O3 (PZT-PZNN)xzt PZT-Pb(Ni,Nb)O3; (PZT-PNN) A
22 =2 FOM %2 2=ty BuEQltt [6-12]
B 19| PZT-PZNNZ} PZT-PNN AEe] ANgtalo] A
54, f4&. FOM ¥ AZ2 %5 YEYQlrt. 0.41Pb
(Nij/3Nby,/3)03-0.36PbTiO3-0.23PbZrO; Al2ty-g 1,150°C
oA 27235t o FOMo] 22.60 pm”/No] Ztg UHERH
thy B sk T) [9]. TS, 0.72Pb(Zrg 47Tl 53)03-0.28Pb
[(Zno.45Nio 55)1/3Nb2/3]05 2782 1,050°CollA] AZsIH-S
T, FOMo| 20.34 pm?/No] Z}S zr=r}n B U&7
[8], 0.69Pb(Zrg 47Tio.53)03-0.31Pb[(Zng.4Nig¢)1/3Nbz/3]03 &
< 1,100°ColA] A4S o, FOMo] 21.5 pm?/N9]
e zh=rty H7E|9ct [6]. H|E PZT-PNNi}t PZT-
PZNN A9 44 Al2talo] =2 FOME 7HA]aL Sl
A9 242571 1,000C ojfeg w2 WEE 7HA
oY =2 AYREE A PLT 242 A58 &
Ar2 AEsH 2 4. &80l =2 179l Ag/Pd
d= U® A3FE AR&sloF sh=t o] 4% Ax

7te]l =7t2 Xejstct. oA 920°C ostoflA A&

arsl7) ElH A ouUR] st AE|Q] AlRlsto] Qe

_O'E
o
l
e
4
)

2 =AM 44 oyx] shHlAE AL Tt
0.65Pb(Zr; »Ti,)03-0.35Pb(Zn1,6Ni1,6Nbs,3)05
(PZT-PZNN, 0.530<x<0.555) ZAJoA{ FOMo] Z|tj7}

= Ti &S AHUA}F sRTt FOMo| 7P 52 R4S
ol gst guUz= FHdeH] EFQIQ] energy harvesters
Al=rsto] A= (power)S 575k

E
=

2

My oXx
ng njo

2 =20o|A% PZTx-PZNN ¢& A2}l
AR At A /gl ofsto] /st
29l PbO, ZrO,, TiO,, ZnO, NiO Z12]1 N
+=ofel, 99% o) Al A WIERt =,
Q o]

o
N
o
o

o o o

920~950°Co| === 4ARF FF 2ZS Als¥sttt
272% AJHef X-4 9]&A(XRD) HHg 245t A2

OIS, FAPAIADI A (SEM)S e
& ASIYLL 22 AW 1A= AU 9
of olzsludago 2AUES FHSYC 22
AHe| ofie FASH Aulet 5 Ag L wxal
550°ColA 10@3F EA|2jste =2 F/dstt. ol
AEZ 1200C2 /AARD A2 Yo dal 35
kV/mmo] A7 oz 30 &< w=(poling)s Al°Y
st A|HY di= dy meter (PM-100, Piezotest
Inc., UK)Z A £A5191, R4 4(ex'/e)= LCR
meter (HP4192A, Yokogawa-Hewlett Packard LTD,
Japan)E ARE5to] capacitances 5743 £ AMA L
2 Aot Gue difll SRV E URolA 45
o A7V7NAZEAS k)2 Z1AR FAAMQu)e 4T

=z



218 J Korean Inst. Electr. Electron. Mater. Eng., Vol. 31, No. 4, pp. 216-220, May 2018: S Jo et al.

A BA7|(HP 4294A, Agilent Technologies, USA)S

gotol B4 U WA AuAE 58 $ JEITA
EM-45018 o] &3lo] AAlsloict. gUmm ey
A oYX ShHIAE AARZ ¢isto] PZT-
PZNN Al2}21€ 15 mm X 15 mm X 0.2 mm=z 7}

4 mm A9 AHQIYAAR(SUS304) E0]
Eof AAsITE A ofl|A] shAES] Ay S-S
25t mh] MIm(Type 2719, Bruel & Kjeser, Bremen,
Germany)’t 2% 71X17]|(Type 4808, Bruel & Kjeer,
Bremen, Germany)& AHESHACH U7 off|A] s
20| sty Al Q7FE flste o dAd7(Wave
Factory, WF 1946, NF Corporation, Yokohama,
Japan)2 &%l FofpoA g 7HEE 0.7 gk 1.0 g
(8=9.8 m/s")9] Alsg Q7tstgon, 7HHAE7
M= vy 71HA 2848ds OAE AdeAIn
(DP0O3034, Tektronix, USA)2 ZA]sle] ML =7
SHATE ARl oA SHIAE Y SAlFmaE A7 9
stof S WAZIE Fupas vy JHEA Y

Function Generator

m—— e

Oscilloscope

Sy - «« Power Amplifier

Variable Resist:

] {
%z Harvester 1 .
o &

'

> Vibrator
a

Fig. 1. () Piezoelectric energy harvester fabricated by PZTos40-
PZNN ceramics sintered a 920°C for 4 h and (b) experimenta setup

for measuring eectric power of the piezodectric energy harvester.
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Fig. 2. SEM surface images of PZT,-PZNN (x = 0.535, 0.540,
0.545) ceramics sintered at 920°C and 950°C for 4 h.
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Fig. 3. XRD patterns of PZT-PZNN (0.530<x<0.555 ceramics
sintered a 920°C for 4 h.
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