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ELECTRIC PROPERTIES OF PbZrO, MONOCRYSTALS
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The temperature dependence of electric permittivity, spontaneous polarization and
electric conductivity of PbZrO; monocrystals have been investigated. The monocrystals
in questlon had been obtained by crystalhzatlon of a melted PbO-ZrO,-PbF,-B,0; solu-
tlon All the characteristics indicate the existence of two phase transitions in PbZrO;
‘monocrystals from the para- and ferro- to the antiferroelectric state. The results obtained
-are similar to those observed earlier for polycrystalline samples of that compound.

1. Introduction

In most Of the papers published so far on the electric properties of PbZrOs, results
of tests carried out on polycrystalline samples have been presented because of difficulties
in obtaining adequately pure and sufficiently large monocrystals [1,2]. Tests carried
out on polycrystalline samples of PbZrO; covered a wide range of their properties including
the identification of phase transitions [3-8, 11, 12], temperature dependence of electric
permittivity [9-10], spontaneous polarization [11-13], polarization of space charge [1 3-15}
and electric conductivity [12, 16-18].

PbZrO; is an interesting material because of the two phase transitions which occur
in it; one between the antiferroelectric and ferroelectric state A = F and the other between
the ferroelectric and paraelectric state F < P.

- Many authors have shown the existence of two phase transitions in PbZrO,
[4, 6,7, 11, 12, 19], there are, however, some who have not noticed the ferroelectric phase
in this compound [10, 20]. Perhaps these doubts will disappear after a series of -experi-
ments on monocrystalline samples have been carried out. Data obtained from tests carried
out on nonmonocrystalline samples should be considered with full understanding of their
specific properties which depend on ‘their ceramic heat treatment. Different technological
processes can result in a different crystalline to glassy phase quantity ratio, and in the
change of electrical properties. It should be interesting to compare the results obtained
from experiments carried out on polycrystals and monocrystals of this compound.
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In the present work results of the investigation of temperature influence on electric
permittivity, spontaneous polarization and electric conductivity of monocrystalline PbZrO4
are presented. This will make the comparison of investigated parameters possible.

2. Preparation of PbZrOs monocrystals

The crystallization method was used in order to obtain PbZrOs; monocrystals from
melied salt solutions [19]. As a solvent PbF, and B,0; were used in adequate mole ratio.
The optimum system of components in.crystal pulling is as follows: 44-48% PbO —
14-20%, ZrO, —36-26% PbF, and 6% B,0;. Different ratios were used but the
following were the final ones: 459 PbO, 17%, Zr0,, 32%PbF, and 6% B,0; with an
impurity percentage less than 10-29,. The components were melted in a platlnum melting
pot of 100 cm® capacity in canthal furnace at a temperature 1200—1250°C maintained
for about 18 -hours. The mixture then was cooled at .a constant rate of about 3°K/h to
900°C and then quickly cooled to the room temperature.

‘There is a dlfﬁculty in obtaining PbZrO; monocrystals from a PbO-ZrO,-PbF,-B,0;
mixture since intensive Vapourlzatron of the solvent takes place at high temperature.
The temperature of crystal growth is very close to the boiling temperature of PbF, (1293°C).
Therefore in order to protect the furnace chamber and the heating elements against con-
tamination the pot was placed inside a corundum container. The crystals obtained were
semitransparent with red-brown colour and- were shaped as cubicoids with dimensions
1x1x0.5—2mm. A complex domain structure was. observed in polarized light, the
structure changrng raprdly in the temperature range, of 210——230°C

3. Experimental results and discussion -.

Temperature values of phase trans1trons in PbZrO3 crystals were determined by
differential thermal analysis (DTA-system F. Paulik, J. ‘Paulik, L. Erdey). Endothermic
phase transition was observed on heating at 222°C+1°C and 230°C+1°C and on cooling
at 228°C+1°C and 212°C+1°C all of them being of the first order. The' temperatures
given are the characteristic points of phase transitions. It is more ‘difficult to determine
them from the temperature dependence of electrrc permlttwlty, espe01a11y when A 2 F
transition is concerned i
Al the electric measurements presented here were carried out on Samples coated with
silver electrodes. Fig. 1 ‘presents the temperature dependence of the eleciric permrttmty
at a field frequency of 1 MHz. Characteristic anomahes correspondmg to phase transitions
can be observed below the Curie point for both the heatrng (curve 1) and the cooling
(curve 2). They are not so distinct at temperatures TA r and TF _A 3s they are for poly-
crystalline samples. [12]. The Curle—Welss law ¢ = C/T T, ‘holds in the paraelectric
region, where the Curie constant C=17x 105 °C and the extrapolated Curie-Weiss
temperature is Ty = 182°C. These values differ from those obtained by some authors
[3, 10] for polycrystalline samples (C' = 1.5%x10° °C, T, = 190°C). Temperatures marked
in Fig. 1 correspond to transitions from the antiferroelectric to the ferroelectric phase
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Th-pand Tr-, and from the ferroelectric to the paraelectric phase Tp_p and. Tp_p
on heating and cooling, respectively. It should also be noticed that ¢ takes the same values
for both polycrystalline and monocrystalline samples in the investigated region [12, 19].
In the region between the phase transitions an electric hysteresis loop has been observed.
A modified Sawyer-Tower [21, 22] system was used which made possible a direct reading of
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Fig. 1. Temperature dependence of electric permittivity during h;sating (1) and cooling (2)

the spontaneous polarization value of the tested sample. Fig. 2 shows an electric hysteresis
loops observed at different temperatures during the cooling process (along (100 direction).
An electric field of /= 50 Hz and amplitude of 4 kV/cm was applied during the tests.
The dependence P(T) is shown in Fig. 3 with curve I plotted for the rising temperature
and curve 2 for the falling temperature.-The characteristic of these dependences is similar
to the corresponding dependences observed for polycrystalline samples. The differences
in values of P, on heating and cooling are higher in this case than for ceramics [12]. It
also seems that the polarizatioh of the space charge and screening of the spontaneous
polarization by free charge carriers and ionic lattice defects play a much more important
part in polycrystalline samples [12-15]. It leads to the changes of spontaneous polarization
described in [12, 13] which have not been noticed-in monocrystals. It does not mean,
however, that these processes are of no importance here. Two phase transitions are indicated
also. by the temperature dependence of electric permittivity. Fig.. 4 shows In¢.= f(1/T)
dependence: for Ag-PbZrO;-Ag system obtained in the heating process: A voltage of 2V
was applied to the sample while the temperature was being changed at the rate of 2°K/min.
The activation energy was @,-= 0.9 eV and ¢, = 1 eV for the antiferroelectric and para-
electric phase, respectively, and in the ferroelectric region ¢; = 2.8 ¢V. Both the nature
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of this dependence and-the values of activation energy are identical to those observed
for polycrystalline samples, which is somehow surprising since the electric conductivity
responds specially to differences in the internal structure of the substarice. The jump in ¢
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Fig. 3. Temperature dependence of spontaneous polarizaﬁon-during heating (1) and cooling (2)
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Fig. 4 Ino=f (I/T) for Ag-PbZrO;-Ag system

value just before and after the Curie point is somewhat more distinct. Whereas a clear
difference can be seen between the electric conductivity for poly- and monocrystalline
samples. The temperature dependences shown on Figs 1, 3, 4 have been determined within
4 temperature measurement accuracy of 0.1°C and with errors-in &, P, ¢ 0f 19,3% and 5%
respectively. ' ;
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4. Summary

All the temperature characteristics investigated in this and earlier works of the authors
[11-18] indicate two phase transitions in PbZrO;. The first one between the antiferro-
electric and ferroelectric phase with a significant temperature hysteresis and the second
one between ferro-and paraelectric phase with a much less significant temperature hysteresis
loop. Obtaining the same result for monocrystals makes the basis of theoretical analysis
of these transitions more reliable.

Material which shows two basic phase transitions (A 2 F and F 2 P) at téemperatures
relatively high and close to each other is very convenient for investigating the inftuence
of ferroelectric properties on transport phenomena and especially on electric conductivity
and the thermoelectric effect.

An intensive increase in carrier activation energy in the temperature range where
the spontaneous polarization occurs is especially interesting.

More complete experimental data will make the theoretical analysis of the mutunal
influence of free carriers on ferroelectric and antiferroelectric properties possible.

REFERENCES

[1] S. Fushimi, T. Tkeda, J. Am. Ceram. Soc. 50, 3, 129 (1967).

[2] F. Jona, G. Shirane, L. Pepinsky, Phys. Rev. 97, 1584 (1955).

[3]1 G. Shirane, E. Sawaguchi, Y. Takagi, Phys. Rev. 84, 476 (1951).

[4] G. Smolenski, Izv. Akad. Nauk SSSR 20, 163 (1956).

[5] L. Goulpeau, S. Montagner, P. Limou, C. R. Acad. Sci. 259, 1095 (1964),
[6] L. Goulpeau, S. Montganer, J. Levrei, C. R. Acad. Sci. 261, 1209 (1964).
[71 V. J. Tennery, J. Electrochem. Soc. 112, 11, 1117 (1965).

[8] L. Benquiqui, C. R. Acad. Sci. 267, B 928 (1968).

[9]1 H. Khuchua, V. Yevseyev, Fiz. Tver. Tela 8, 258 (1966).

[10] G. A. Samara, Phys. Rev. B1, 3777 (1970).

{111 S. Gliicksman, J. Handerek, W. Miskiewicz, T. Piech, Acta Phys. Pol. 32, 597 (1967).
[12] Z. Ujma, J. Handerek, Phys. Status Solidi (a) 28, 489 (1975).

[13] Z. Uima, J. Hahderek, Physics Papers, Silesian University, Poland 4, 67 (1976).
[14] Z. Ujma, Physics Papers, Silesian University, Poland 4, 77 (1976).

[15] Z. Ujma, Physics Papers, Silesian University, Poland 4, 88 (1976).
[16] J. Handerek, Phys. Status Solidi 21, 323 (1967).
[17]1 J. Hatiderek, Acta Phys. Pol. 31, 613 (1967); 31, 633 (1967).

[18] S. Gliicksman, W. Miskiewicz, J. Hariderek, Acta Phys. Pol. 32, 125 (1967).
[19] B. Scott, G. Burns, J. Am. Ceram. Soc. 55, 331 (1972).

[20] M. Forker, A. Hammesfahr, Z. Phys. 255, 196 (1972).

[21] M. W. Schubring, J. P. Nolta, R. A. Dork, Rev. Sci. Instrum. 35, 1517 (1964).
[221 J. K. Sinha, J. Sci. Instrum. 42, 696 (1965).



