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THERMAL PROPERTIES OF HIGH-T,
SUPERCONDUCTORS
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The termal stabilities of several families of high-Te superconductors (HTSC), as well as the de-
pendence of phase transitions on temperature and stoichiometry, have been studied by X-ray dif-
fraction, DTA, TG and DSC. Experimental results are discussed in the context of decomposition
models.
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Introduction

During the last five years at least four families of mixed oxide ceramic
materials have been shown to be superconducting: (1) La;-xCa(Sr,Ba)xCuSOQ4,
(2)YBa;Cu3O7.x and other compounds 1-2-3, (3) complex oxides of
Bi-Sr—Ca—Cu and (4) complex oxides of T1. Among the most promising of these
high-T. superconductors are ceramic compositions in the systems Ln-Ba—Cu-O
(where Ln represents Y and rare earth elements), Bi—Sr—Ca—Cu-O and
T1-Ba—Ca—Cu~O. Critical transition temperatures for these compounds are above
78 K. One of the characteristics of the mixed oxides of interest is their thermal
properties. From numerous experimental data it has been shown that many HTSC
are thermodynamically unstable [1, 2]. Therefore it is important to investigate
their thermal stabilities and other properties at elevated temperatures.

Results and discussion

Earlier thermal behaviour of ceramic HTSC in the systems Laz.xM;CuOq.5
(M = Ca, Sr, Ba) and LnBa;Cu3O7.y (as typical members of 1-2~3 compounds)
has been studied by DTA under dynamic conditions; the stochiometric depen-
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dence of electrical properties of the high-T. superconductors has been also inves-
tigated [3—11].

The thermal properties of the model substance La2CuO4 (which under certain
conditions is also a HTSC with a transition temperature of 26-38 K [15] have
been studied with the aim of understanding the thermal decomposition process for
complex oxides. This oxide decomposes at heating above 1150°C according to the
reaction:

2La; Cu0: 2% 2LasCu04yr —o 203+ Cu0+(0.5-3)0, D

Equation (1) is also common to the thermal decomposition of other isostruc-
tural (or pseudoisostructural) members of the series LnoCuO4 or high-T. oxide su-
perconductors Ndz-x (Ce,Th)xCuOa.y.

The decomposition temperature and solid residue after decomposition of the
mixed oxide allows distinction of members of this series [9, 12—-15].

The abundance of experimental data on thermal stabilities of different oxide
superconductors in the above systems presents the opportunity to obtain data on
thermal properties and the influence of temperature on superconducting proper-
ties for high-T. superconductors with differing cation compositions and oxygen
deficiencies [16].

Cut

Fig. 1 Crystalline structure of YBa2Cu307
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Thermal stabilities of 1-2-3 type compounds will be demonstrated using
YBa;Cu3sOs+x as an example. This is a compound with a Tc near 90 K and a tran-
sition width of less than 2 K. Amounts of oxygen in these compounds have been
determined by a volumetric method [16] and a parallel iodine titrimetric method.
Starting from the ideal formula YBa;Cu3zO7 (Fig. 1) and unit-cell parameters of
the orthorhombic lattice a = 3.8206 A, b=3.8553 A, ¢ = 11.675 A, it was possible
to calculate the mechanism of oxygen evolution from the matrix and determine
the mass loss on TG curves.

For correct interpretation of thermal decomposition processes of such samples
it is necessary to minimize the influence of the atmosphere in contact with the
sample. The thermal decomposition process of the sample is strongly influenced
by the ambient partial oxygen pressure, although the solid residue has practically
the same composition,
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Fig. 2 DTA-TG curves for YBa2Cu307 in air at a heating rate 8 deg~min']

Pyrolysis in a platinum crucible may be complicated to interpret because of
the catalytic effect of the platinum; particular effects of gas media and other ex-
perimental conditions on decomposition mechanisms are given in [17-27].

It is apparent from Fig. 2 that thermal decomposition of YBaz;Cu3O7 involves
several oxygen loss stages:

(i) between 330°C—-360°C oxygen evolution from O(4) sites occurs and from
XRD data this would appear to coincide with early transformation from orthor-
hombic to tetragonal structure;
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(ii) from 400°—440°C to about 750°C a slow oxygen dissociation from O(3)
and O(2) sites is observed with practically equal values of dissociation energy
from both sites;

(iii) above 850°C evolution of part of the oxygen from O(1) sites occurs, fol-
lowed by dissociation of the high-T. oxide into several non-superconducting
oxides or metallic copper. Thermal decomposition of high-quality single crystals
of the 1-2-3 type can differ in detail from the scheme shown in Fig. 3 because of
anionic defect ordering.

The dynamics of decomposition of these compounds may be represented by
the following scheme (see also Fig. 3). Thermal decomposition begins in air
(average partial oxygen pressure 0.21 bar) at 330°~360°C.

Later, gradual oxygen evolution from O(3) and O(2) occurs, until complete
disappearance of the tetragonal structure. Earlier workers have suggested that this
decomposition may be associated with appearance of a tetragonal sublattice of
type Y—(Y—-Ba—Cu)-Y—Cu. The final solid products of the decomposition are the
phases Y,Cu20s, Y2BaCuOs, Ba;Y,0s, Cuz0, the exact amounts depending on
the heating rate and final iemperature.
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Fig. 3 DTA-TG curves for 1~2-3 superconductor systems at different decomposition stages

For compounds in the system, Bi~Sr—Ca~Cu~O and Tl-Ba—-Ca—Cu-O, ther-
mal decomposition is affected by different factors, in particular evaporation of
certain components such as thallium oxides on heating in air, and interactions
with container material.
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For high-T. phases in the system Bi—Sr—Ca—Cu—O a number of thermal effects
depend on sample stoichiometry, stabilizing additions (PbO, Sb20s), preparation,
and heat treatment conditions.

In summary, definition of a thermal decomposition mechanism for supercon-
ducting high-T; phases 2212, 2223 and 2334 in the system Tl-Ba-Ca-Cu-O (in-
dependent of conditions of synthesis and real thermal decomposition
mechanisms), requires that the extent of thallium removal from the sample has
first to be determined. This procedure needs close control of experimental proce-
dure and exact definition of intermediates at each stage.
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Zusammenfassung — Mittels Rontgendiffraktion, DTA, TG und DSC wurde sowohl die thermi-
sche Stabilitat verschiedener Arten von Hoch-T¢ Supraleitern (HTSC) als auch die Abhingigkeit
der Phasenumwandlungen von Temperatur und Stéchiometrie untersucht. Die experimentellen
Ergebnisse wurden im Zusammenhang mit Zersetzungsmodellen diskutiert.
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