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Single Superconducting Phase
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It is found that a high density ceramic of the Bi-Sr—Ca~Cu-0O system with a single superconducting
phase can be produced by quenching the specimen from the melt, and then annealing at an appropriate
temperature in the oxygen atmosphere below the melting point. Here, a case of growing a supercon-
ducting material with 7, of 85 K with a nominal composition Bi: Sr:Ca:Cu = 2:2:1:2 is presented.
The process thus has promise for producing high-quality, superconducting ceramic materials from the

Bi-Sr—Ca-Cu-0O system.

The Bi-Sr—Ca-Cu-0O system has been
reported to include several superconduct-
ing phases with 7. up to 120 K (/-3). After
its discovery (1), a number of workers in-
vestigated this system and the existence of
such superconducting phases was con-
firmed (2—-12). Growth of single crystals of
such superconducting phases have also
been attempted, but its success has been
limited to a material with T, of 85 K (/3-
15).

A disturbing feature of this material is
that the materials prepared by sintering ap-
parently include several superconducting
phases and the temperature at which the
material has zero resistance is generally
lower than liquid nitrogen temperature. In
order to utilize this type of material for
practical applications, it is desirable to have
a single-phase material which can be pre-
pared with relative ease without resorting
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to a sintering process. The present work is
aimed at achieving this purpose.
Quenching of this material from the melt
was found to produce an extremely tough
material with high density. Therefore, if
such quenched material is annealed at a
temperature below the melting point, a spe-
cific structure characteristic of the anneal-
ing temperature is expected to nucleate
and, hence, the production of single-phase
materials would be possible at certain spe-
cific composition. The chance of obtaining
a single-phase specimen with very high
density therefore is expected to be high.
Here, we report one of our trials on
preparing such high-quality superconduct-
ing ceramics with a nominal composition
Bi:Sr:Ca:Cu = 2:2:1:2. The specimen
was prepared from a mixture of Bi,Os
(99.9%), SrCO;  (99.999%), CaCO,
(99.999%), and CuO (99.9%) with the molar
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Fig. 1. X-ray (CuKa) powder pattern of the as-
quenched specimen.

ratio of 2:2:1:2 as stated above. In order
to ensure the proper composition of the
melt, prereacted and well heat-treated pow-
ders were prepared for melting. First, the
above mixtures were prereacted at 800°C.
The prereacted powders were then repeat-
edly sintered and reground in order to make
sure that the solid-state reaction was com-
plete. The sintering treatment for this prep-
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aration process was carried out at 800°C in
air for 16 hr, followed by that at 850°C in air
for 24 hr. For melting, the reacted and sin-
tered material was reground into a powder
form, placed in a platinum crucible, and
melted at 1000°C for 2 hr. For quenching,
the melt was then poured on a heavy cop-
per sheet and pressed by another copper
sheet. This quenching process produced an
extremely dense material of 100% theoreti-
cal density.

In Fig. 1, an X-ray powder pattern utiliz-
ing CuKa of the as-quenched specimen is
shown. A few number of peaks are ob-
served, but their locations are found to be
completely unrelated to structures which
develop during the following annealing pro-
cess. In Fig. 2 a bright field TEM image and
a corresponding electron diffraction pattern
obtained from crushed specimens are
shown. The diffraction pattern shows ha-
loes characteristic of the amorphous state.
At least the strong, innermost diffuse ring

FiG. 2. A bright field image and a corresponding diffraction pattern of the as-quenched specimen.
The strongest ring mentioned in the text is indicated by an arrow.
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Fi1G. 3. Temperature dependence of the electrical
resistivity of the as-quenched specimen.

coincides with the location of the strong
peak of the X-ray powder patiern in Fig. 1.
The micrograph also shows the characteris-
tic features of amorphous materials, but
some lattice fringes are also observable
near the edge of the specimen, indicating
the existence of crystalline materals.
Based on these evidences, it seems that the
material is at least partly glassy. Due to this
situation, no specific effort was made to an-
alyze the powder pattern in Fig. 1. In Fig.
3, the temperature dependence of the elec-
trical resistivity of the quenched material is
shown. The curve shows a strong increase
in resistivity as the temperature is lowered,
and there is no sign of the existence of su-
perconducting phase down to 50 K. The
specimen quenched from 1100°C shows
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practically the same behavior as the speci-
men quenched from 1000°C.

In order to obtain a single phase, it is
necessary to choose a right temperature for
annealing. For the material with the nomi-
nal composition 2:2:1:2, a superconduct-
ing phase with T. of 85 K appears most
commonly, and, therefore, we aimed at ob-
taining this phase as an isolated phase.
Based on results of earlier experiments on
sintered materials of similar compositions,
several temperatures were chosen. In Fig.
4a, the powder pattern of the specimen an-
nealed at 820°C in an O, atmosphere for 8 hr
is shown. The pattern matches very well
with that of Tarascon er al. (I12) in which
the powder used for X-ray diffraction was
selected from the ceramic specimen with a
similar composition by a magnetic separa-
tion process utilizing the Meissner effect.
The pattern can be indexed as that of a te-
tragonal structure with the lattice constants
ag = 0.380 nm and ¢, = 3.05 nm. It should
be noted again that the peaks observed in
the quenched specimen shown in Fig. 1 are
practically unobserved in the pattern of the
annealed specimen except for a trace of the
strongest peak. The agreement of the pow-
der pattern of the annealed specimen with
that of the powder magnetically separated
(12) indicates that the annealed specimen
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F1G. 4. X-ray powder pattern of a specimen annealed (a) at 820°C in an O, atmosphere for 8 hr and

(b) at 820°C for 16 hr.
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Fi1G. 5. Temperature dependence of the electrical resistivity of the specimen annealed (a) at 820°C in
an O, atmosphere for 8 hr and (b) at 820°C for 16 hr.

has only a single superconducting phase.
The resistivity—temperature curve of this
specimen is shown in Fig. 5a. The charac-
teristic of the R~T curve is typically metal-
lic down to ~85 K and has a relatively
sharp drop in resistivity from ~85 K to zero
extrapolated to ~80 K but with a small tail
which seems to extend to ~72 K. The mea-
surement of the Meissner effect shown in
Fig. 6 indicates that T, is ~86 K. The small
tail which extends for about 5-8 K is either
due to the inhomogeneity in the oxygen dis-
tribution or to the imperfection of the crys-
tal lattice. Further annealing of the speci-
men at 820°C in oxygen for 8 hr more gave
an almost identical result but was found to
reduce the tail somewhat so that the resis-
tivity reaches zero at ~73 K as shown in
Fig. Sb. The diffraction pattern of this
specimen shown in Fig. 4b indicates the im-
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F1G. 6. Temperature dependence of the Meissner
effect of a specimen annealed at 820°C for 8 hr under
the magnetic field of 10 Oe.

provement in the crystallinity of the well-
annealed specimen. The trace of the stron-
gest peak in the quenched specimen is
appreciably reduced by the annealing at
850°C for 19 hr. The resistivity—tempera-
ture curve of the specimen annealed at
850°C for 8 hr shows a further improvement
in eliminating the tail which raises the tem-
perature at which the resistivity reaches
zero to ~76 K. Although an existence of a
small amount of nonsuperconducting phase
cannot be denied, the data indicates at least
that the specimen consists primarily of a
single superconducting phase. The research
by means of high-resolution TEM of the
structural development with annealing of
the superconducting phase is under way.
The existence of a superconducting
phase with T, ~ 85 K in the Bi-Sr-Ca-Cu-
O system has been well confirmed and even
single crystals of this phase have been
grown. In view of this situation, the investi-
gation of structural development of this
phase through solid-state reaction by an-
nealing would be useful in understanding
the relation between the structure and su-
perconductivity of this material. Above all,
the fact that a ceramic of a single-phase 85
K superconductor with a very high density
is obtained from the melt-quenched speci-
men gives a promise of developing single-
phase materials of a number of supercon-
ducting phases of very high quality in the
Bi—Sr—Ca-Cu-0 system. The effort of sep-
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arating other superconductor phases other
than that of 85 K is now under way based
on similar processes.
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