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Synthesis and Study of Structure, Microstructure and
Physical properties of the ceramic system of PZT
82.5/17.5 doped with Ta>*

Tuan Nguyen Duy Anh, Ph.D

Abstract—In this paper, synthesis and study of structure,
microstructure, dielectric, ferroelectric, and pyroelectric
properties of the (1-x) PZT 82.5/17.5 — xTa,0s, where x = 0; 0.5;
1; 1.5; 2% mol is presented. From experimental results, it was
showed that the fabricated ferroelectric systems are of pure
perovskite phase, rhombohedral structure, good microstructure,
good dielectric, ferroelectric properties and strong pyroelectric
effect. All samples are good ferroelectric ceramics such as the
ceramic density p = 7.30 - 7.51(g/cm®), the dielectric constant £ =
226 - 314, the dielectric dissipation factor tgé = 0.008 - 0.023,
hysteresis loops of rectangular forms with the permanent
polarizations Pr = 23.2 - 32.4 (uC/cm?), electric coercive fields
E. = 6.8-8.9 (kV/cm), strong pyroelectric effect with maxima of
pyroelectric coefficients y = 6.1 - 12.4 (10%pC.em2K™), and
pyroelectric coefficients at room temperature: 2.19 - 5.80
(103 pC.em2 K™Y
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1.  Introduction

The ferroelectric ceramic system based on the Pb(Zr, Ti)O;
with various dopants is of advanced properties. In this paper,
the author will results of

The ceramic powder of PZT 82.5/17.5 is fabricated by
traditional ceramic technology with parameters: primary
milling during 8h, pressed at 800kG/cm? into disks of @ =
25mm, calcinated at 850°C during 2h. The ceramic powder of
PZT 82.5/17.5 and Ta,0s are primary milled and weighed in
desired ratios, mixed together with five types of samples. Then
they are dissolved in ethanol solution and processed by high
power ultrasonic wave from ultrasonic device of 70W during
70 minutes. After being dried, ceramic powders are pressed at
the pressure of 1.2T/cm? into disks of ® = 12mm. After
processing and covering Ag electrodes, samples are polarized
under DC high voltage of 30kV/cm during 15 minutes in
silicone oil at the temperature of 125°C.

A.2.Estimating quality of samples:

a. Phase and structure: In Figure 1 are presented XRD
patterns of M0, M1, M2, M3, M4 samples. All samples are of
pure perovskite phase with rhombohedral structure. With
increasing Ta™", all peaks in XRD patterns did not displace,
only intensities changed slightly. The perovskite phase did not
change, and only lattice parameters slightly changed. Lattice
parameters are showed in Table 1.

present new experimental TABLE I. LATTICE PARAMETERS @ AND C

PZT82.5/17.5 — x % mol Ta,Os, where x =0, 0.5, 1, 1.5, 2 %
mol. The effects of Ta> concentrations on structure, SaI{A“g'e ;‘8282 i 558
microstructure, dielectric, ferroelectric, pyroelectric properties ML 5.8361 14.3684
and improvement of technology are presented and discussed. M2 5 8253 14.3590
M3 5.8133 14.3262
M4 5.8224 14.3290

n. Experimental

A. Synthesis and estimating quality of

ceramics

A.1.Synthesis: The ferroelectric ceramic systems of PZT
82.5/17.5 — x% mol. Ta,Os with x = 0, 0.5, 1, 1.5, 2% mol.
called MO, M1, M2, M3, M4 are respectively fabricated and
studied. Raw materials are oxides PbO, ZrO,, TiO,, and Ta,05
with purity 99% (Merck Germany).
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b. Microstructure: From SEM images in Figure 2, we see
MO, M1, M2 samples are of homogenously large grain size
with small pores closely placed. In M3, M4 samples show
smaller grain size of the lower homogeneity and with larger
pores. It is in agreement with ceramic densities in Table 2.

¢. Ceramic density: In Table 2 the ceramic densities of the
MO, M1, M2, M3, and M4 samples of the PZT82.5/17.5 -Ta>*
system are presented. All of the ceramic compositions are of
high density p = 7.30-7.51 (g/cm®), well-sintered and the
chosen parameters are good. Here we used the power
ultrasonic for processing ceramic powder instead of the second
milling and mixing of the traditional technology as mentioned
above.
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B. Effect of Ta>* concentrations on
dielectric and ferroelectric properties
of the ceramic system of PZT
82.5/17.5 at room temperature

‘ B.1. Effect Ta>* concentrations on the dielectric properties

b)
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Figure 3. Dependence of the dielectric constant &/ - @), dielectric loss tgd —
b) the PZT82.5/17.5 —Ta®" system measured at room temperature and 1 KHz
on Ta,Os concentration

Figure 1. X-ray diffractions diagrams 0fM0-a), M1-b), M2-c), M3-d), M4-¢)

In Table 3 and Figure 3, dependence of dielectric constant
€/gg, dielectric loss tgd measured at room temperature and 1
kHz presented. The dielectric properties are strongly
influenced by Ta>* and very small values. Both &/goand tgé are
of the minimal values at x =1%mol Ta,05 (M2). Here soft
Ta** dopants are replaced instead of Zr*" or Ti** sites and
causing slight distortions of the rhombohedral structure,
influencing microstructure of PZT82.5/17.5 compositions. As
a result of this, the dielectric properties are changed.

B.2. Effect Ta>* concentrations on the ferroelectric
properties: To measure ferroelectric hysteresis loops,
author used the Sawyer - Tower scheme and calculated
Figure 2. SEM images of MO, M1, M2, IQ{IS, and M4 samples of the permanent polarization P,, coercive field E..

PZT825/17.5-Ta Ferroelectric hysteresis loops and P;, E; of M0, M1, M2,
M3, M4 samples are shown in Figure 4 and Table 4.

TABLE I1. CERAMIC DENSITY OF THE PZT82.5/17.5 -Ta">"
COMPOSITIONS
Sample p (g/em’) g
Mo 7.49 g
M1 7.41 2
M2 7.48 &
M3 7.51
M4 7.30
-30 15 20 25 30 35
TABLE IIl. DIELECTRIC CONSTANT &/g9 AND DIELECTRIC LOSS tgd OF THE
PZT82.5/17.5 -Ta® COMPOSITIONS Ee(kviem)
Sample €/go 1go
MO 367 0.0211 40
M1 355 0.0232 50.]
M2 307 0.0208
M3 348 0.0223
M4 359 0.0247 Figure 4. Dependence of the hysteresis loops of the PZT82.5/17.5 —~Ta>*

system measured at room temperature on Ta,Os concentrations

All samples are of typically rectangular hysteresis loops
forms of ferroelectric materials. Permanent polarization P, =
23.9 — 32.4(uClcm?), coercive field E, = 6.8 — 8.9(kV/cm).
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TABLE IV. DEPENDENCE OF E¢ AND P, ON Ta,0s CONCENTRATION
Sample E. (kV/cm) P, (uClcm?)
MO 8.9 32.4
M1 8.6 31.9
M2 6.8 32.2
M3 7.5 24.0
M4 8.1 23.9

Ta** strongly effects on ferroelectric hysteresis loops. In
Figure 5 dependence of E, and P, of the PZT82.5/17.5 —Ta**
system on the Ta,Os are presented. Ceramics of these
ferroelectric hysteresis loops can be suitable for ferroelectric
memories FERAMS application.

{ T p—

Figure 5. Dependence of E. —a) and P, —b) of the PZT82.5/17.5 —Ta>*system
on the Ta,0s concentration

Effect of Ta>* concentrations on
pyroelectric property of the ceramic
system of PZT 82.5/17.5 at room
temperature

Pyroelectric currents of the PZT825/17.5 -Ta5+
samples are measured by thermodynamic method with
Keithley 485 Autoranging Picoammeter.

Mo
1 M2

M3 M4

Figure 6. Dependence of pyroelectric coefficients on temperature of MO,
M1, M2, M3, M4
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Pyroelectric intensity of the samples is calculated. AP
spontaneous polarizations are calculated as follows:
AP=1.R,Cy/A,. Pyroelectric coefficients are calculated by
using formula: y = AP/AT =1.R,,Co/AoAT. Figure 6 shows the
dependence of pyroelectric coefficients of PZT82.5/17.5-Ta>*
compositions on temperature. In Table 5, the calculated
pyroelectric coefficients of 33°C and maxima of PZT82.5/17.5
—Ta* ceramic compositions are presented. From Figure 6 and
Table 5 we see Ta>" ion concentrations strongly effect on
pyroelectric properties of PZT 82.5/17.5 ceramic system.

TABLE V. CALCULATED PYROELECTRIC COEFFICIENTS OF THE PZT
82.5/17.5-TA® CERAMICS COMPOSITIONS
Maxima of Pyroelectric
Sample Temperature pyroelectric coefficients at 306
P (°K) coefficients y 0
(10%pC.em?K*) | (103 pC.em®K?)
MO 640.0 15 0.05
M1 519.9 8.7 4.22
M2 508.0 24.8 4.38
M3 510.0 6.8 431
M4 4723 6.1 3.38
im. CONCLUSIONS

Pyroelectric ceramics of the PZT82.5/17.5 —xTa>" system
were successfully synthesized. The Ta®* concentrations (X)
have a strong effect on structure, microstructure, density,
dielectric ferroelectric, and pyroelectric properties. The
improvement by using power ultrasonic wave for processing
ceramic powder during 70 minutes was rather good for
crystallization and enhanced the quality of the final product.
All of the ceramic compositions are perovskite phase,
rhombohedral structure with good microstructure of small
pores, high ceramic density, and small dielectric properties
suitable for pyroelectric application. At x = 1% mol. Ta,0s
(M2), we have the best composition: p = 7.48g/cm®, &/g= 307,
tgd = 0.021,
y =124 x10%uC.cm® K™, y =2.19x10°% nC.cm™ K™ at 306°K
suitable for making ultra-red sensors pyroelectric detectors.

References

F. Cordero, F. Craciun, C. Galassi (2007), Low-temperature phase
transformations of PbZry.,TiyO; in the morphotropic phase-boundary
region, The American Physical Society, (PRL98), pp. 1-4.

Yuhuan Xu (1991), Ferroelectric Materials and their applications,
North - Holland - Amsterdam - London -New York - Tokyo.

Kenneth S. Suslick, Yuri Didenko, Ming M. Fang, Taeghwan Hyeon,
Kenneth J. Kolbeck, William B. McNamara 111, Millan M. Mdleleni and
Mike Wong (1999), Acoustic cavitation and its chemical consequences,
School of Chemical Sciences, University of Illinois at Urbana-
Champaign, 600 S. Mathews Ave.,Urbana, IL 61801, USA.

B. Noheda, N. Duan, N. Cereceda, J. A. Gonzalo (1998), Pyroelectric
charge release in rhombohedra PZT, Journal of the Korean Physical
Society (Vol 32), pp. S256-S259.

(1]

[2]
(3]

(4]

SEEK

(t

DIGITAL LIBRARY



[5]

(6]

[7]

(8]

Proc. of The Third Intl. Conf. On Advances in Applied Science and Environmental Technology - ASET 2015
Copyright © Institute of Research Engineers and Doctors, USA .All rights reserved.
ISBN: 978-1-63248-084-2 doi: 10.15224/ 978-1-63248-084-2-43

N. Duan, N. Cereceda, B. Noheda, J. R. Fernandez-Del-Castillo, J. A.
Gonzalo (1997), Energy conversion with Zr- rich lead zirconate/ titanate
ceramics, American Institute of ceramics, (13), pp. 1786-1788.

N. Cereceda, B. Noheda, J.A. Gonzalo (1999), Investigation of the
Character of the Phase Transitions in Nb Doped Zr- rich PZT by
Pyroelectric and Dielectric Measurements, Journal of the European
Ceramic Society 19, 1201 — 1206.

Da Zhi Sun, Shen Wei Lin (1998), Relationship between the pyroelectric
ceramics and their structural parameters, Journal of the Korean
Physical Society (Vol 32), pp. S205-S207.

Jeong-Suong Yang, Seung-Hyun Kim, Jung-Hoon Yeom, Chang-Young
Koo, Cheol Seong Hwang, Euijoon Yoon, Dong-Joo Kim & Jowoong
Ha, Piezoelectric and Pyroelectric Properties of Pb(Zr, Ti)Oj3 films for
Micro-sensors and Actuators, Taylor Francis Online.

About Author (s):

1986: BS degree in Physics at University
of Pedagogy Ho Chi Minh City

2000: MS degree in Electronic at
University of Science Ho Chi Minh City
2009: PhD in Solid State Physics at
University of Science Hue City

<Main interesting field> Material Science

69

(t

SEEK

DIGITAL LIBRARY



