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On the composition of the crystal phases in the
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The phase diagrams and the inconsistencies in the type and composition of the crystal phases
in the PbO-TeO, system reported by different workers are reported. With the help of X-ray
microanalysis, X-ray analysis and IR spectroscopy new data about the composition of the
crystal phases have been obtained. The data from the X-ray microanalysis were treated by the
method of the number of the oxygen atoms, and the chemical formulae of the crystal phases
were evaluated. The following phases were established: solid solution from PbO - 4TeO, in
2Pb0O - 7Te0,, 2Pb0O - 5Te0,, 2PbO + 3TeO,, PbO - TeO, with two polymorphic modifications,
a phase with varied composition from 5PbO - 2TeQ, to 3PbO - TeO,, and 5Pb0O - TeO,. It was
assumed that there was polymorphic transformation for the 2PbO - TeO,, 3PbO - TeO, and
5Pb0O - TeO, compositions. Data from X-ray analysis and the IR absorption spectra are pre-
sented. On the basis of the new data for the composition of the crystal phases and the data
from the investigations of different workers a corrected phase picture of the PbO-TeO, system

is built up.

1. Introduction

The PbO-TeQ, system has been the object of a number
of investigations. The thermal resistance of PbTeO,
and PbTeO, was investigated by Tananaeva and Novo-
selova [1]. The polymorphic transformation of PbO -
TeO, compound, melting with decomposition at
560° C and forming a phase richer in lead (Pb/Te =
1.08), was determined. The system was investigated by
Marinov et al. [2] in the range from 0 to 50mol %
PbO. Crystal phases with PbO - 4TeO,, PbO - 2TeO,,
2PbO - 3TeO, and PbO - TeO, composition were estab-
lished and the polymorphic transformation of PbO -
TeO, was confirmed. The morphological characteristics
were described and the interplanar spacings were deter-
mined. A phase picture of the PbO-TeO, system in the
concentration range from 0 to 50 mol % PbO (Fig. 1)
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was built up. Later, Robertson et al. [3] confirmed the
PbO - 3Te0, phase, but they did not verify the forma-
tion of PbO * TeO,. They determined 3PbO - TeO,
and 6PbO - TeO, phases and constructed the phase
picture of the system for the range from 0 to
100mol % PbO (Fig. 2). The same workers [3] pre-
sented the phase diagram of the PbO-TeO, system
after Cole and Douglas (Fig. 3) which was not
previously reported. The investigations of Young [4]
in the same system in an atmosphere of argon in the
range 40 to 75 mol % PbO showed a different course
of the liquidus line (Fig. 4). It was confirmed that there
was formation of 2PbO - 3TeQ, and PbO - TeO, with
polymorphic transformation at 665 + 2°C, melting
incongruently at 690 + 3°C. Kosse and collaborators
[S, 6] have synthesized PbO - TeO, (tetrahedral),
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50 Figure I Phase diagram of the PbO-TeO,
system after Marinovet al. [2]. L = liquid.
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Figure 2 Phase diagram of the PbO-TeO, system
after Robertson ef al. [3]. A = PbO-4Te0,,
300t B = 2PbO - 3Te0O,, C = 3PbO - TeO, or 8PbO -
3TeO,, and D = 6PbO - TeO,.
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Figure 3 Phase diagram of the PbO-TeO, system after
Cole and Douglas (1964, unpublished) from Robertson
et al. 2. A = 4TeO,-PbO, B = 3TeO, - 2PbO and 900 l
C = TeO, - 4PbO. 800 FDS%% Hon
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Figure 4 Central part of the PbO-TeO, system after Young [4]. B = Pb,Te,O;, C = PbTeO,, D = Pb,TeO,.
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Figure 5 Idiomorphic crystals of PbO - 4TeO,. Reflected light.
Crystals etched by dilute HCL. Magnification 139 x.

Pb;TeO; and Pb;TeO, by slow cooling of the melt and
single crystals of PbTeO; (monoclinic) as well as
Pb,Te,0; by the method of Chochralsky, and they
have examined their dielectric properties. They con-
firmed that PbTeO; (tetrahedral) and Pb,;TeO, had
undergone reversible phase transformations at 530
and 490 K, respectively, and at the temperature of the
phase transformation they were in a spontaneously
polarized state, determining them as ferroelectrics.
The aim of the present work is to explain the com-
position of the newly forming crystal phases in the
system PbO-TeO, because of the contradictions in the
investigations by the workers mentioned above.

2. Experimental procedure

Samples corresponding to the stoichiometric ratios of
PbO - 4TeO,, PbO - 2TeO,, 2PbO - 3TeO,, PbO-
TeO,, 2PbO - TeO,, 3PbO - TeO,, 4PbO - TeO, and
6PbO - TeO, were synthesized by crystallization at
temperatures above the solidus temperatures (in the
range between solidus and liquidus). The operating
conditions are presented in Table I. The thermal treat-
ment of the samples was performed in air. The synthe-
sis was followed by the X-ray technique (apparatus by
DRON, powder samples, CuKo radiation). The IR
spectra were taken on a Karl Zeiss Jena UR-10 spec-
trometer (1400 to 700cm ' with NaCl prism, 700 to
400 cm ~' with KBr prism). The samples were prepared
as tablets with KBr. TeO, (USSR) and Pb;O, were

5 : é s Y
Figure 6 Prismatic crystals of 2PbO - 5T¢O,. Reflected light. Mag-
nification 139 x.

Figure 7 Elongated rhombic sections of 2PbO - 3TeO,. Reflected
light. Etched by dilute HCl. Magnification 139 x .

used as starting materials. The composition of the
crystal phases was determined with the help of an
X-ray microanalyser (Philips). In order to avoid casual
mistakes the analyses were performed at points on at
least 5 to 6 different crystal specimens, as well as on
the glassy state. The data obtained were treated with
a MICroprocessor.

3. Results and discussion

In Figs 5 to 12 the morphologies of the crystal phases
at the analysed points are given. The results of the
chemical analyses by using electron microscopy were
used to derive crystallochemical formulae based on
the number of oxygen atoms. In Table I the composi-
tions in accordance with the data from X-ray

Figure 8 Single crystals of the PbO - TeO, phase: (a) scanning elec-
tron microscopy, 310 x ; (b) reflected light, 139 x .
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Figure 9 Mass crystallization of crystals of 2PbO - TeO,. Scanning
electron microscopy. Magnification 310 x .

Figure 10 Analysed crystals of the 3PbO - TeO, phase. Magnifi-
cation 485 x . Scanning electron microscopy.

microanalysis are presented. Data from X-ray micro-
analysis in the investigated concentration range confirm
the formation of phases with 3PbO - 2TeQ, com-
position. New crystal phases with 2PbO - TeO, and
5PbO - TeO, composition were determined. The exist-
ence of polymorphic forms of the SPbO - TeO, phase
was assumed. Samples with a stoichiometric ratio
3PbO - TeO, correspond to a phase with variable com-
position from SPbO - 2TeO, to 3PbO - TeO, (from 61.5
to 75mol % PbO, respectively), probably with poly-
morphic transformation. For samples corresponding
to the stoichiometric ratio PbO - 2TeO,, thermally
treated above 470°C, we identified a 2PbO - 3TeQO,
phase, and below the above-mentioned temperature

Figure 11 Analysed crystals of the 3PbO - TeO, phase from
4PbO - TeO, composition. Scanning electron microscopy. Magnifi-
cation 485 x .

Figure 12 Analysed crystals of the 5PbO - TeO, phase from
6PbO « TeO, composition. Electron scanning microscopy. Magnifi-
cation 115x.

crystal phases of the 2PbO - 5TeO, and 2PbO - 3TeO,
type were both present. Consequently, the X-ray data
given by Marinov et al. [2] for PbO - 2TeO, com-
position correspond to a crystal phase with com-
position 2PbO - 5TeO, composition.

At PbO - 4Te0, stoichiometric ratio the identified
crystal phase has a variable composition from 20 to
22.2mol % PbO, corresponding to 4TeO, - PbO to
7TeO, - 2Pb0O, respectively, and X-ray data given by
Marinov et al. [2] correspond to this phase. On the
basis of the results from X-ray microanalysis the inter-
planar spacings of the crystal phases are as summarized
in Table II.

The characteristic IR absorption spectra of the

TABLE I Composition of crystal phases in the PbO-TeO, system

Phase No. Given stoichiometric Composition of the crystal phases Figure Temperature of
composition from X-ray microanalysis data crystallization (° C)
1 PbO - 4Te0, (2PbO - 7Te0, to PbO - 3TeO,) 5 480
solid solution + 2PbO - 5TeO,
2 PbO - 2TeO, 2PbO - 5TeO, + 2PbO - 3TcO, 6 Below 470
2PbO - 3TeO, + glassy phase Above 470 (crystallization
from the melt)
3 2PbO - 3TeO, 2Pb0O - 3TeO, 7 580
4 PbO - TeO, PbO - TeO, 8 540
5 2P0 - TeO, 2Pb0O - TeO, 9 550
6 3PbO - TeO, (3PbO - TeO, to SPbO - 2Te0,) 10 670
solid solutions
7 4PbO - TeO, 3PbO - TeO, 11 670
8 6PbO - TeO, 5PbO - TeO, 12 840
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Figure 13 Infrared absorption spectra (cm™") of crystal phases from
the PbO-TeO, system: (a) PbO - 4TeO,, (b) 2PbO - 5Te0,, ()
2PbO - 3TeQ,, (d) B-PbO - TeO,, (e) a-PbO - TeO,, (f) 2PbO -
TeO,, (g) B-3PbO - TeO,, (h) «-3PbO - TeO, and (i) 5PbO - TeO,.

crystal phases in the PbO-TeO, system are shown in
Fig. 13. The results obtained could be used for charac-
terization of their structure.

4. Conclusion

With the help of X-ray microanalysis the composition
of the newly forming phases in the binary PbO-TeO,
system was examined. The formation of phases with
2PbO - 3TeO, composition was confirmed, and the
phase 5TeO, + 2PbO corresponds to the phase 2TeO, -
PbO. The formation of new phases with chemical
composition 2PbO - TeO,, 5PbO - TeO, and two
phases with variable composition 4TeO, - PbO to
7TeO, - 2PbO (from 20 to 22.2mol% PbO) and
5PbO - 2TeO, (from 61.5 to 75 mol % PbO) was estab-
lished. Based on the results for the chemical composi-
tions of the crystal phases obtained by us and with
respect to those reported by other workers, especially
by Robertson and Young on temperature data in the
range 50 to 100mol % PbO for the course of the
liquidus—solidus lines, a corrected phase diagram for
the PbO-TeO, system (Fig. 14) was constructed.
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