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Preparation and Piezoelectric Properties of PZT Ceramics
Modified with both the Soft and Hard Dopants



o}
o

i

=7
Wi

o] TEMat BMim o=

PER

o
=

A i X

g

o
o

Ho

N

o

o

2005 £ 2 H

T
o

E
o

L
00

©

T

Az F B

o

o]



L. A B e e 1
2. OB HZ] crerreereereeremerenstisti sttt s 3
21 SFA AT A EAR G XZF F T e 3
22 SFA ATFEIA T} oo 10
2.3 QA MEO O] E] -rrreesmrmrenmsrensniiiitiiiite st 12
9.4 2T WYY D H2E b BEG O]E] rererrrerrrsrrrsmmrmsssssssssnnenns 15
AT HFH ettt W s Bl e 21
B e = R 25
ZIE oottt e 41



Preparation and Piezoelectric Properties of PZT Ceramics
Modified with both Soft and Hard Dopants

Eon—Jong Lee

Dept. of Materials Engineering

Graduate School, Korea Maritime University

ABSTRACT

Lead zirconate titanate (PbZriTii—x or PZT) ceramics are the
most widely studied and technologically important ferroelectric
materials. Especially, the solid solution composition located near the
rhombohedral—tetragonal morphotropic phase boundary (MPRB)
possesses eminent piezoelectric characteristics. In  particular,
compositionally modified lead zirconate titanate (doped—PZT)
ceramics with their improved electrical properties are widely utilized
in the dielectric and piezoelectric applications.

In general, with the amount of dopant content, the compositional

modification (doping) by single dopant leads the drastic variations of



electrical properties of the PZT ceramics. Since properties are also
changed by impurities in raw materials, it is difficult to reproduce
and optimize the electrical performances. In the present study, to
improve the reproducibility and to enhance the electrical properties
of the MPB—PZT ceramics, a complex doping with two or more
metal elements including both softeners and/or hardeners is adopted.

The prepared PZT ceramics modified with complex soft dopants
of La’" and Nb’" showed that the piezoelectric properties were
enhanced and stabilized with the compositional variations, e.g., the
amount of dopants contents or the raw materials with purities,
which made it possible to establish the higer reliability and
reproducibility of  the piezoelectric performancees. Unlike single
(soft or hard) element doping, the complex doping of both the soft
and hard ions caused wvarious compensation effects for the
piezoelectric properties of the PZT ceramics. The improved
piezoelectric properties, i.e., enhanced Qm with remaining higher Kp

were obtained in the PZT composition doped with La’" and Fe’*.
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Fig. 1. Ionic position in an ideal perovskite.
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Fig. 2. Phase diagram for the system of PbZrOs—PbTiOs.
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Table 1. Effect of substitution on PZT ceramics.

L Dopant and . .
Classification Characteristics Application
ternary system
) Enchanced €.,
Fe, Ni buzzer, speaker
K, and p .
Hardner Co, Al probe for medical
Reduced E.
PSN, PMS actuator, sensor
and Qm
La, Bi Enhanced E. )
high power
W, Ta and Qm
Softner transducer
PNW, PNN Reduced €.
transformer
PZN and K,
. Enhanced Qn
Stabilizer Cr, U sonar
Reduced €.
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Fig. 4. Structure of piezoelectric ceramic actuators.
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Fig. 7. The inside electrode shapes of piezoelectric ceramics.
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Fig. 9. Flow chart of PZT ceramic processing.
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Table 5. Nomenclature of the samples prepared in this study.

sample Composition

wL-xN PZT" +x weight®%Las03 + x weight%NbsOs 0.5L-0.5N

wL-yF PZT +w weight®%La:03 + vy weight%Fe203 0.5L-0.5F

wL-zM PZT +w weight%LasO3 + z weight%MnOs 0.5L-0.5M

xN-yF PZT +x weight%Nbo2Os + v weight%Fe0s 0.5N-0.5F

xN-zM PZT + vy weight%NboO5 +2z weight%MnO, 0.5N-0.5M

PZT +w weight®%La203 + x weight%NbzO5| 0.5L-0.5N

wL-xN-yF ]
+vy weight%Fes03 -0.5F
PZT +w weight%La:03 + x weight%Nb2.Os | 0.5L-0.5N
wL-xN-zM ]
+ z weight%MnOgz -0.5M
wL—-xN PZT +w weight%La-03 + x weight%NbsO5| 0.5L-0.5N
-yF-zM + vy weight%FesO3 + z weight%MnO, -0.5F-0.5M
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Fig. 10. XRD patterns of PZT ceramics modified with both the
softeners(Laz0O3 and/or Nb2Os) and hardener(FeQ3s).
(a) 0.5L—0.5N—0.5F (b) 0.5L—0.5F (c) 0.5N—0.5F
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Fig. 11. XRD patterns of PZT ceramics modified with both the
softeners(Laz03 and/or Nb2Os) and hardener(MnO;).
(a) 0.5L—0.5N—-0.5M (b) 0.5L-0.5M (c) 0.5N—-0.5M
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Fig. 12. XRD patterns of PZT ceramics modified with both the
softeners(Laz03 and/or NbzOs) and hardeners(FeOs
and/or MnO3).

(a) 0.5L—0.5N-0.5F—-0.5M (b) 0.5L—0.5N—-0.5M
(c) 0.5L—0.5N—0.5F (d) 0.5L—-0.5N
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Fig. 13. SEM micrographs of PZT ceramics modified with both
the softeners of La203 and NbzOs.
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0.5L—-0.5F 0.5L—-0.5M

Fig. 14. SEM micrographs of PZT ceramics modified with
both the softener(La;0Os) and the hardeners(FeOs or
Mn02).
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0.5N—-0.5F 0.5N—-0.5M

Fig. 15. SEM micrographs of PZT ceramics modified with both
the softener(NbzOs) and the hardeners(Fe;Os or MnOg2).
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0.5L—0.5N—0.5F 0.5L—-0.5N—-0.5M
i B o

Fig. 16. SEM micrographs of PZT ceramics modified with both
the softeners(LaszOs3 and Nb2Os) and hardeners(Fe203
and/or MnO3).
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Fig. 17. Piezoelectric properties of PZT ceramics modified

both

the softeners of LasO3 and Nb2Os.
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Fig. 20. Piezoelectric properties of PZT ceramics modified with

both the softener(Nb2Os) and hardener(Fe;03) .
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