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Effects of ZnO on the Piezoelectric Properties of PMS-PZT Ceramics
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Abstract Perovskite Pb(Mny;3Sby3)00-Pb(Zr,Ti)O; (PMS-PZT) was prepared and ZnO doping effects on its
piezoelectric properties were investigated. Pyrochlore phase was not identified in the PMS-PZT ceramics with
0~5mol% ZnO sintered at 1100°C for 2 hrs, and maximum sintered density of 7.92 g/em® was obtained.
Piezoelectric charge constant and voltage constant increased to 359 X10'? C/N and 22.5 %10 Vn/N,
respectively, with increasing ZnO content. Mechanical quality factor reduced considerably with increasing ZnO
content. When the ZnO content was 3 mol%, electromechanical coupling factor and relative dielectric constant
showed maximum values of 56% and 1727, respectively. This should be evaluated by complicated variations
of sintered density, tetragonality of lattice, grain size, and A-site vacancy generated by ZnO addition and Zn*

substitution.

Key words PMS-PZT, piezoelectric, ZnO doping.

A7AAR A%
PR Ageae 22w,
olol®, W), 297, BH,
AT AN 5 2 58 ws)
718 sl

Pb0-4 «]”“44 v%é Al, -4'°]iﬁi°1(pyrochlore)
Aol oz 3 ¢ HZ B 270 E(perovskiteyd §F
4ol ojHg W&ol A7 BE AL ww oY
Pb(Zr,Ti)O5(¢]1 3} PZT)= PbZrO;-PbTiO;9] &3 ZA
BaTiOR T 271714 ARAS/E B2, We Ll gl
AH 2= Ae) 3] BEel, WA ASET S &
A Aeeze) gREe AAsT Yk

PZT S| 2H.2710]E TR(ABO:)S B-site(Zr i Ti)
3% 5% 6771 a&ol2 S EL/\]?% 4* 7}y A
Z=3ke, PZTS] A+ o HEE2T0lE

22 A 87t ‘5—?511 Akt o] 5L
EAE olFH, Hde] IA He 2A

E

fd

*E-Mail : ihkim@chungju.ac.kr

764

T-29] 47 A (MPB: morphotropic phase boundary)E
QT & e I, T Al F2Ho] A
494 RS /5T B HoHo] e B Az
Fol= hgEe ARTLh oA b ABUAE T
Aol ¥la) phOS) Zo) ot 245 47,
Ve A7IAS FHrrgowsma 54 o Qtx EAo) 371]
AT B 0PIz}, 472A 90] FohH DT Sl
A A7 ™ol Zo] Hojxs Aol ok oleT
AEZA Pb(Mg,3Nby3)03-PZT, Pb(Ni;3Nby;3)05-PZT,
Pb(Mn,3Sby3)03-PZT, Pb(Fe,;;Nb;/,)O3-PZT, Pb(Zny;
Nb,3)05-PZTAl 5] ®o] A= AT &0 wE =4
vl o3 A 3 g SAo] s

Fe] HrHA oJsf AR FA ] whe < A
T3t ik wEbs H7Ee 98 v Fash o

ko g Hrb b weEl Zu(donor)d GAlE
(acceptor)d 7 Z EFEI, E¥S| MnO,, Cr0; 5
S oF4 3HA| (stabilizer)Z} 3} QA EAlE 4AAE A
AR A W 7P FAVE HE o] W o
A, €3} ddl oisk <A P | 98 o

=0

o=
=
£ APE G Azheze] 345 SH) w3
o AS BRAQ Suo| U mot e vIET



PMS-PZT Alg}e]2o] QF

PbPb(Mn,;3Sby3)03-PZTA 0] tate] 2AHAE T3l ¥
ZHXAFLOIE Ao FAHES TIAI17] AT AEE 8
AL, 24F PbO2] el W e|zZzo] dof A
& JAE] fste] AHE AT Z’“ﬂ ik ias
}oq ARG PR E #917] 22N HEE ARSI
QA G nA 2R B E3) ﬁx%_o/] e A
o AxTHE ZAIALH, PbOst
n0% A7Feke] 7Pl e %
71714 AgA, 7148 F2AF, ¥li%

A&
o] ¥sts A8t

O

RS 3

dHst 2 AsHA

= o}
o ©B

ot '+~ e
L I‘N

N

2 ok 18 o o
rN

N
o_>11

2. o

ot

=1 2=]
oK

0.05PbPb(Mn; 3Sb5/3)03-0.95Pb(Zr, Ti)O5-x(mol%)ZnO-
1(wt%)PbO(®] 3} PMS-PZT: 0<x<35)9} %Ao] HEE

PbO, ZrQ,, TiO,, MnQ,, Sb,0; ¥ ZnO YESHLS
710, B3 SHTE ol&sle 2447 B EHYS & A
T F

z&9ch AxE 22L #100 mesh A2 EF3
iy =7 ME o] &3t 850°C oA 24]

FL&T = 5°C/min®) Tt 8
v%%ﬂ*i A & JHAE A
THAl 24417 & E s dHol
of A¥A PVAS 1 wt% I7isidct. 2
FAE H71e sluryS 7+E - wEreEA 9H AzA
Atk oj9} ol AzE ELE F7o] 25mm =3
olgsl AW RFo R A Y AFIAL, A
#& 1000 kgflem?o] AT,
PZTAY b Mgs e

ojubn, PbO2] 3ol <3|
ok weba GFe T 9o Al HS
S Hol 1100°ClA 2417 ¢t
ASHA| o] B3 L= DAT &% Ao o
7 dojd £ UE 600°CE 3N, 5L
min® =2 YA IR, o]F ZufjoljA
Atk XA IHEN7E ARSI LdA Y %
AL, B3 AJHE Avjst & HF.HCI.H20=1.10.
189 &8 falef 20%7F BAAZ] e FAAAHY A
(SEM)E o]&3t mAzZS dasiant. A5 A4S
A3 A2FE AHe] 4F H1E Avdt 3 ARA silver
paste(Metech Inc. #3288)73: E¥3t 650°CHA] 2087+
25T, AFe] & AEE 1200CE FA13 A
Z Y FgexoA 2kV/mm94 AAE 7tetd 2083+
5 AEih £ A€ AlHE 2447 Bt 3]

Folx g wHE T,

I

A

)

L

v T, w0

Low Frequency Impedance/
Gain Phase Analyzer(HP 4194A)E A}&-3te] o+ AM&}
g2 EAZH] A3 IRE EF Z2-¥HE 7 (resonance-
antiresonance)§H ol Wt ¢hd AL SAHSAL F

Pl HAle

Zn0%] |3

o] ol W} AR AS
Sk AR PR, ?4 Y=
# FAARR)S FHSAT. o2 RE WA AR
ARk 7144 “Z‘HIT(ka ok, B3 1kHz
M2 AHEFOS S8l vIFHE (e /ey T3
At

oH
r‘ﬁ,
—lN
j,:

Fig. 1& ZnO # 7} W& PMS-PZT 4ZA 9 ¥
T W32 Jeld Aotk Zn0E 2 mol%7HA H K 73
¢ T 7.92gem’ 2FAUES Ao, 1 o4 H
Ve Ay addEr JA gaste A 4 5 Ao

A e Ao ZnO F7H7F PMS-PZTE A
= 2mol% ZnOZE iﬂﬂ i ﬂ

o ?J_il?‘&v}

Fig. 2 1100°CollA 2A17F 243 A|He] mAHz3
S #AF3F Aot} ZnOE 1 mol% A7+ B¢ YAV}
AR, § o4 Zn0g A7tEo] F/HEFE Y}
A7)7} 75k lmol% o] ZnOE Ve A%
YA7F Zashe olfrE, thAA - TR 23l A vt
g e -%E EE OlEEE 2= &30 94 93

Sl éff %l & 7KE ZnO7t R 0155—‘“—— 7}
AE BAEA, 2434 NA ARl EFolEE A
SAA P fae /198 Aew dudnh Y Eet
R. B. Atkin 579 ¢std o]2o] A AFH2
A7t o5 o Fikazel sl FHY
EolH, olg3t oz YA ol =

)= =]
ETES B

A B9 BagE ek azge 47% 9
Al olste} 2 FFe B, Ho) AFE T 2

8.2

sol
L]
o \
5 78} .
> . \
el L ]
2
5 76}
a
741
72 L 1 i 1 i 1 1
0 1 2 3 4 5

ZnO content (moi%)

Fig. 1. Variation of sintered density of PMS-PZT ceramics
with ZnO content.
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Fig. 2. Microstructural variation with ZnO content in PMS-PZT ceramics sintered at 1100°C for 2 hrs :

1 mol% ZnO, (c) 2 mol% ZnO and (d) 4 mol% ZnO.
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Fig. 3. X-ray diffraction patterns of ZnO-doped PMS-PZT
ceramics sintered at 1100°C for 2 hrs : (a) 0 mol% ZnO, (b)
1 mol% ZnO, (c) 2 mol% ZnO and (d) 4 mol% ZnO.
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Fig. 4. Variation of piezoelectric charge constant(ds;) and
voltage constant(gs;s;) with ZnO content in PMS-PZT ceramics.
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Fig. 5. Variation of electromechanical coupling factor(k,) and
mechanical quality factor(Q,,) with ZnO content in PMS-PZT
ceramics.
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Fig. 6. Variation of relative dielectric constant(z—:33T/£o) with
ZnO content in PMS-PZT ceramics.
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