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Abstract

The precursor powders of the Ba,Ca,_;Cu,0,,, 1.5 (n=1, 2, 3) are prepared by sol-gel route. The stability and thermal
behaviour of these oxides during vacuum calcination has been investigated. The suitability of the obtained samples for the
synthesis of Hg-based high-T superconductors as well as a preparative peculiarities of their synthesis are discussed. € 1997

Elsevier Science B.V.
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1. Introduction

The recently discovered mercury-based supercon-
ductors HgBa,CuO,, s (Hg-1201), HgBa,CaCu,0¢_ s
(Hg-1212) and HgBa,Ca,Cu;0g, 5 (Hg-1223) repre-
sent a large family of high-T superconductors, for-
mulated HgBa,Ca,,_ Cu,05,,2.5 [1-3]. The highest
Tc reported for the Hg-1223 superconductors was
133.5 K, which is the highest ever reported 7 for
all copper-oxide superconductors. It is as a conse-
quence of their unique properties that there is con-
tinued interest in the development of new synthetic
methods for their preparation.

The sol-gel synthesis route have been proposed for
the preparation of different types of ceramic materials
[4-8]. It is known, that sol-gel technique significantly
improves the chemical homogeneity of high-tempera-
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ture superconducting powders and precursors
attempted for superconducting ceramics [9-13]. Our
numerous studies have been published to describe the
successful use of sol-gel technique for synthesizing
Ba,CaCu,0s, 5 and Ba,Ca,Cu;0;,5 precursors for
the preparation of Hg-1212 and Hg-1223 supercon-
ductors, respectively [14-16]. Contrary, Peacock et al.
[17] have reported that it was only possible to synthe-
size Hg-1201 sample by sol-gel method, but failed
when they tried to prepare the higher Hg-1212 and Hg-
1223. To clarify such different results, the precursor
samples were characterized by thermogravimetric
analysis as indispensable tool for the characterization
of materials, including high-temperature supercon-
ductors [18-20].

The aim of this contribution is to determine the
stability and thermal behaviour of synthesized by sol-
gel method Ba,Ca,, Cu,0,, 145 precursors discuss-
ing their applicability for the preparation of Hg-based
superconductors.
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2. Experimental

The ternary Ba—Ca—Cu and double Ba-Cu gels
were prepared using stoichiometric amounts of ana-
lytical-grade metal acetates as starting materials and
tartaric acid as complexing agent [14-16]. The dried
gels were ground in an agate mortar and preheated for
Shat750°C and 10 h at 850°C in air with intermediate
grindings. Since the gels were very combustible, slow
heating (at 2°C min ') between 150 and 350°C was
used. The powders obtained were annealed for 10 h at
850°C in a vacuum furnace (the pressure of residual
gases was <1072 Pa). After vacuum calcination the
prepared precursor specimens were placed immedi-
ately in the thermogravimetric analyzer.

The thermogravimetric measurements in flowing
air up to 1000°C were performed with a Perkin—Elmer
TGA7 thermogravimetry apparatus using a heating
rate of 10°C min~'. About 30 mg of sample in a
platinum crucible was used for each TG run.

3. Results and discussion

The properties of Hg-based superconductors
depend strongly on the powder-processing conditions.
The main requirement of synthesized precursors for
the preparation of HgBa,Ca, Cu,O;,,2,s super-
conductors is that it should be free of carbonate so
that the desirable superconducting phase could form
as a major phase. In general, most of the syntheses
by the sol-gel technique are based on carbon-
containing precursors. Thus, the BaCO; or CaCO,
formation is a problem in the sintering of super-
conducting materials. For example, in the case of
Bi—(Pb)-Sr—Ca—Cu—O superconductor the residual
carbonate concentration remains 20% of its initial
value even after 20h sintering at 860°C in air
[21]. Furthermore, the formation of an intermediate
oxycarbonate phase in different systems, such as
BagCuyg(CO3)60879,  (Y1_,Ca,);BasCus(CO5)0y,
and YB32CU2.95(CO3)0,3506'6 was reported [22—25]

For a complete decomposition of carbonate in air,
high temperatures cannot be used due to the appear-
ance of liquid phase. Besides, it was reported [26] that
destruction of the perovskite structure of supercon-
ducting Yba,Cu,;05 starts at ~900°C, when the sam-
ples were analyzed by thermogravimetry in high
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Fig. 1. TG curves for the Ba;Ca;Cu;0O, precursor samples

annealed in (a) air and (b) vacuum and (c) for Cu,O at heating

rate of 10°C min™ .

vacuum. So, in order to reduce the carbonate amount
in synthesized samples as much as possible a vacuum
calcination at 850°C was used [15,16]. Fig. 1 shows
TG analysis curves for the ternary Ba;Ca,Cus0,
precursor annealed in vacuum and air. When the
powders were heated in air (Fig. 1a), the decomposi-
tion of carbonate at >800°C takes place. A correspond-
ing thermogravimetric analysis for the precursor that
had been preheated in vacuum is shown in Fig. 1(b).
The weight increase, starting from ca. 400°C is pos-
sibly due to conversion of Cu(I) to Cu(Il) [14]. For
comparison, Cu,O was also heated using the same
experimental conditions (Fig. 1c). A weight increase
of 10.93% at 350-800°C was observed. This is in a
good agreement with theoretical weight increase of
11.11% which proves that the following reaction
occurs:

Cu,0 + 1/20, = 2Cu0 (1)

Thus, the high temperature vacuum calcination of
precursors leads to copper reduction, schematically
according to the following equation:

BazCazCu(II)3O7 — BazCazCu(I)3Ox
+(7—-x)/20, (2)

However, TG curve of the vacuum annealed sample
shows a total gain in weight of 5.2%, which is a little
higher as compared to the theoretical (3.8%). This
negligible discrepancy may be caused not only by
oxygen nonstoichiometry of the sample. The forma-
tion of carbonates if air gas used contains even small
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Fig. 2. TG curves for the Ba,CaCu,0, precursor samples annealed
in (a) oxygen, (b) air and (c) vacuum at heating rate of 10°C min~".

amount of CO, as impurity is possible. This explana-
tion is not unexpected, since the weight loss above
800°C was found (Fig. 1b).

In the case of Ba,CaCu,Os, 4 precursor, the similar
results were obtained. Fig. 2 shows the TG curves
obtained for the samples preheated in vacuum, oxygen
and air. For the samples preheated in oxygen and air no
changes in weight up to carbonate decomposition
temperature were observed. As seen, for the vacuum
annealed sample the weight gain starts at approxi-
mately same temperature as for Cu,O or Ba;Ca,.
Cu;0, precursor. It proves that again the copper
reduction Cu(Il)»Cu(I) under vacuum annealing
occurs. Calculations suggested that copper mainly
exists as Cu(I) in the Ba,CaCu,O, precursor after
vacuum calcination.

Completely different situation was revealed for the
precursor Ba;,CuQj3,, s during vacuum annealing. In the
820-930°C range, the reduction of copper to metallic
instead of the reduced phase Ba,Cu(I)O, formation
[27] was determined. The following equations can
describe this process assuming that full copper reduc-
tion occurs:

Ba,CuO; — 2BaO + Cu + 1/20, 3)
or partial reduction according to [28] coexists:
3Ba,Cu0Q3; — 6Ba0O + Cu + Cuy,O + O, )]

This is not surprising, since according to Mullens et al.
[29], the decomposition of copper oxalate even in an
inert atmosphere goes to metallic copper. Besides that,
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Fig. 3. (a) The decomposition of pure CaCO, and (b) mixture of
CaCO4, BaCO; and CuO at heating rate of 10°C min™"'.

the melting of formed products follows the reduction
process. Thus, contrary to Ref. [17] the synthesis of
high purity HgBa,CuOy, s superconductor using sol-
gel technique proposed became complicated or even
impossible.

A number of possible explanations of such results
obtained could be suggested. It is known, that the
introduction of various metallic elements, such as Cd,
Ca, Sr in the cuprates can influence on the valency of
copper [30], as well as on the oxygen content of
synthesized ceramics [31]. From the structural point
of view the introduction of Ca into the cuprates can
stabilize the higher copper oxidation state. These type
of compounds are all characterized having blocks
[(CuO;)(Ca)], - (CuO,) with a perovskite-like struc-
ture {32-34].

The addition of Ca to barium cuprates influences
both the microstructural evolution and the thermal
decomposition temperature. Fig. 3 clearly demon-
strates that the temperatures of decarbonation in flow-
ing oxygen for pure CaCO; and for mixture of
CaCOs3 : BaCO; : CuO=1:2: 2 differ considerably.
For pure CaCOj, decarbonation started at 700°C
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Table 1
Decarbonation temperatures for the mixtures of BaCO; and CuO

Molar ratio Temperature, °C
(Ba: Cu) (Initial reaction)
1:04 860
1:0.5 860
1:0.75 855
1:1 845
1:1.5 840
1:2 840

and completed at 915°C. For the mixture of CaCO;,
BaCO; and CuQ, decarbonation of CaCQO; started at
680°C and completed at 840°C. Apparently, in this
case the rapid decomposition took place in a more
narrow temperature range. Furthermore, the decarbo-
nation can be accelerated by sintering the precursor
under evacuated conditions. These results are in good
agreement, reported by Katsumata et al. [21], and
leads us to speculate that solid-state reaction between
CaO and CuO preferably occurs instead of following
reaction:

CuO — Cu + 1/20, (5)

On the other hand, the metallic copper formation
during vacuum sintering of the precursor Ba,CuO; 4
takes place.

Besides that, we can see from Table 1 that the
decarbonation of BaCO; for the mixtures of BaCO,
and CuO starts at different temperatures depending on
molar ratio of the constituents. With increasing copper
amount the decomposition temperature of BaCO,
slightly decreases. These results do not contradict
with those obtained above showing the connection
between formation and stability of precursors
Ba,Ca,_;Cu,0,,, s and the decarbonation tempera-
tures of CaCQO; and BaCOs5. Nevertheless, it is obvious
that additional investigations are needed to better
explain this connection.

4. Conclusions

The stability and thermal behaviour during vacuum
annealing of Ba,CuO;,s, BaxCaCu,0s.s and
Ba,Ca,Cus07, 4 fabricated by sol-gel technique as
the precursor material were studied by means of
thermogravimetric analysis method. Results showed

that reduction of Cu(ll) to Cu(l) in the systems of
Ba-Ca-Cu-O takes place, when the specimens were
calcinated under vacuum conditions. However, in case
of the Ba—Cu~O precursor vacuum heat treatment, the
reduction to metallic copper occurs. Hence, the pro-
posed synthesis of the first member HgBa,CuQO,, 5 of
the homologous series of mercury-based supercon-
ductors, using our sol-gel method is complicated.
Attempts to explain such different behaviour of ana-
lyzed samples were made. It was determined that for
the mixture of CaCO;, BaCO, and CuO the decarbo-
nation of CaCQO; occurs at lower temperatures pre-
venting probably full copper reduction. Moreover, the
decarbonation temperature of BaCO; slightly depends
on Ba: Cu molar ratio in the sample and should be
higher in Ba,CuO;, s precursor case.
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