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Changes of magnetic susceptibility and electrical resistivity of ceramic superconductors of nominal compo-
sition YBa,Cu30; _ , and Bij 4PbgSryCayCu; 60, observed during their soaking in water are reported.
It was found that the YBa,Cu30; _ , superconductor is destroyed in few minutes by boiling water. At
lower temperatures the hydrolysis reduces the volume of the superconductive phase, as scen from the
susceptibility measurements. Reaction of Bij 4PbgeSr,Ca,Cu; O, with water causes a decrease of the
relative volume of both superconducting phases at a rate substantially higher for the high temperature one
(T, = 110 K).

High-temperature superconductors YBaCuO and BiSrCaCuO are usually prepared by
solid state reaction from oxides. Properties of the superconductors depend on the
temperature, heating rate, pressure and atmosphere used during synthesis. Successful
applications are stipulated also by their stability in the environment. One of the
important factors is the influence of water on the superconductive propertics of this
material.

Changes of the chemical and physical propertics of YBaCuO samples due to the
reaction with water were studied by measurements of resistivity, magnctic suscepti-
bility and X-ray diffraction and by the electron microprobe analysis' = 4. The samples
were decomposed by the action of water and nonsuperconducting phase have been
produced.

Two different phases of BiSrCaCuO exist, the high tempecrature phase
Bi,Sr,Ca,Cu;0, (2223, T, = 110 K) and the low temperature one, Bi,Sr,CaCu,0,
(2212, T, = 80 K). Partial substitution of Pb for Bi enhances the volume of the high
temperature phase on account of the low temperature one. Stability of the low tempe-
rature phase in the water have been described*®. This sample was much more stable in
water than YBaCuO.

In this report we study the influence of water on both the phases of BiSrCaCuO as
compared to that on YBaCuO.
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EXPERIMENTAL

All samples were prepared by conventional solid state reaction from the powder reagents.

Appropriate molar amounts of p.a. Y,03, BaCOj and CuO were mixed and ground. After the calcination
of powder in oxygen for 6 h at 900 °C, the samples were reground, pressed into the pellets of 13 mm
diameter and 1 mm thickness, sintered for another 6 h at 950 °C in O, atmosphere, then slowly cooled in
the furnace.

Samples of BiSrCaCuO were prepared with the addition of Pb to promote the growth of the high-T,
phase. Powdered (p.a.) Bi,O3, Pb3O4, SrCO;, CaCO;3 and CuO were mixed together in the molar ratio of
Bi:Pb:Sr:Ca: Cuequal to 1.4 :0.6:2:2:3.6 and ground. The resulting powder was calcinated in
air for 20 h at 800 °C, reground and pressed into the pellets that were annealed for 116 h at 865 °C in air.
Then they have been quenched into liquid nitrogen.

One set of experiments involved the isochronal soaking of samples in water of varying temperature and
another the isothermal heating of the samples in boiling water.

Changes of critical temperatures after soaking were investigated by measurement of resistivity, a.c. and
d.c. susceptibilities. The resistivity was measured by the standard four-probe technique. Voltage and
current leads were connected to the samples with silver paste.

The Meissner effect was measured in the earth magnetic field frozen within a superconducting shield
with the help of a SQUID. The S.H.E. mutual inductance bridge with the frequency of 160 Iz and the
excitation voltage 5 V was used to measure the a.c. susceptibility. The temperature was determined by a
calibrated Pt-termometer.

Samples were checked by X-ray diffraction (CuK, line) with the help of a Geigerflex Rigaku Denki
diffractometer and were analyzed by atomic absorption method with Perkin—-Elmer 975 spectrometer.

RESULTS AND DISCUSSION

Y-Ba-Cu-0O System

The superconducting transition temperature 7, ~ 90 K of the originally prepared
samples YBa,Cu;0; _ , has been determined from the resistivity. Samples were soaked
in water of varying temperature ¢, for 20 min. The results of measurcment of the criti-
cal temperature are summarized in Table 1.

The resistivity measurements have shown no change of T, up to ¢, = 80 °C. Above
this temperature the superconductivity disappeared. The measurcment of the sus-
ceptibility have indicated relative change of the volume of the superconducting phase
during this soaking. When the temperature of water is below 30 °C there was no change
of x~T curve, between 30 — 80 °C the volume of superconducting phase decreased
and the width of the transition increased. The onsct temperature T,
unchanged (Fig. 1).

The decomposition reaction of YBa,Cu30; _ by water was described” as:

rcmained

2 YBa,Cu;0; + 3H,0 = 5CuO + 3Ba(OH), + Y,BaCuOs + 120, (A)
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The water in which our sample was soaked at 100 °C for an hour was analyzed to
determine the amount of Y, Ba and Cu resolved. The atomic absorption analysis
showed a presence of Ba and Cu atoms only, with a ratio Ba : Cu = 10*: 1. We have
not detected Y atoms within the resolution of our equipment. The sample itsclf got
covered by a very light grey surface layer after the drying process.

The X-ray diffraction spectra of samples showed peaks of BaCO; and CuO and
confirmed the appearance of a new nonsuperconducting phase Y,BaCuOs.

TaBLE 1
Superconductive properties of the resistivity of water treated YBa;Cu30; _  sample. Duration of each
treatment 20 min

t,, °C R, mQ Tso, K To, K AT, K

- 21 90.0 89.5 1.5

S 20 90.9 89.3 1.5
15 20 90.6 89.3 1.7
25 20 91.2 90.1 1.8
35 21 91.2 90.0 1.7
44 19 91.0 89.4 1.8
51 19 91.0 89.6 1.4
66 18 92.1 91.1 1.8
85 3.85. 10° no superconductivity observed

t,, Temperature of water, R resistance at room temperature, T'sq midpoint of the resistive transition, Ty zero
resistance point, AT width of the transition.

100
v
0
50
FiG. 1
0 Relative  changes of the volume of the

superconducting phase YBaCuO during isochronal
20 40 60 T K 100 soaking (20 min). 1 originally prepared sample, 2 at
44 °C, 3 at 51 °C, 4 at 66 °C
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Bi-Sr-Ca-Cu-0O System

Bi based superconductors are expected to be much more stable™® in water. To acce-
lerate the reaction the samples have been soaked in boiling distilled water.

After a sample soaking at 100 °C for 45 min pH value rosc to 10. Contrary to the
case of soaking YBa,Cu;0; _ ,, there was no gas bubble rising up in the soaking water.
After being filtered, the soaking water was analyzed and the results of the atomic
absorption analysis are shown in Table II. The presence of large amount of Ca and Sr
manifests in the alkaline reaction of aqueous solution which indicates the formation of
both Ca(OH), and Sr(OH),. Both hydroxides are gradually transformed into the
corresponding carbonates under the influence of atmospheric CO,.

The X-ray diffraction pattern of the initial sample (Fig. 2a) showed presence of both
superconducting phases as expected. The reaction residue after 45 and 120 min soaking
was analyzed by the X-ray diffraction method (Fig. 2b, 2¢). The rclative intensities of
peaks of the high-T_(2223) phase have decreased more than those of the low-T, (2212)
one in the presented part of spectra.

New peaks appeared in the spectra. Clearly visible peaks (Fig. 2¢) were identified
as CuBi,O,4, a product of decomposition of the superconductive phascs. CuO peaks
were identified, too (2 0 > 35°). This results supported the reaction of the phase 2212
with water®:

a Hioo12) Ri119)
i L(115) H(022)
Li117) Lib20)
a.u.
U{.lcmm
b
[
GuBLO,
Fig. 2
Evolution of X-ray diffraction spectra
BiSrCaCuO during water exposure at
100 °C. a originally prepared sample, b A A
45 min exposure, ¢ 120 min exposure. I - : - -
high-T. and L low-T,. phascs, respectively 27 28 29 30 3 32 20 33
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Bi,Sr,CaCu,0g + 3 H,0 = 2Sr(OH), + Ca(OH), + CuBi,O, + CuO  (B)

No other products were found in our experiment.

Temperature dependence of the d.c. susceptibility of the sample soaked for various
times in boiling distilled water is presented in Fig. 3. In this case we obscrve the
Mcissner effect and in a one-phase homogeneous superconducting samplc the
diamagnetic shift is proportional to the volume of the superconducting phasc. The rela-
tive changes of apparent volumes of both superconducting phases during soaking of the
sample, assumed to be proportional to relative heights of corresponding diamagnetic

TaBLE Il
The results of the atomic absorption analysis of the Bi; 4Pbg¢Sr,Ca,Cu;y (O, as prepared and of the solu-

tion after soaking

Content of the element

Element solution
as prepared, mg

mg %
Bi 27.60 0.123 0.4
Pb 11.73 0.076 0.7
Sr 16.50 3.600 21.8
Ca 7.56 0.580 7.7
Cu 21.60 0.048 0.002

FiG. 3
Temperature dependence of the d.c. susceptibility
(S) of the BiSrCaCuO sample after soaking in
boiling water. 1 originally prepared sample, 2
2 min, 3 12 min, 4 18 min, 5 27 min

Collect. Czech. Chem. Commun. (Vol. §8) (1993)



High Temperature Superconductors 1553

shifts in Fig. 3, are presented in Fig. 4 as a function of soaking time .. It can be secen
that the high-T, phase is rapidly destroyed by reaction with water whilc the volume of
the low-T, phase remains nearly constant.

The results of the isochronal soaking of the sample in boiling water are summarized
in Fig. 5. It is worth noting that all these substantially differing curves have been obtai-
ned subsequently on the same sample. To be able to present them in one picture (the
normal state resistance of the sample increased during the experiment by more then
threc orders of magnitude) the resistances have been normalized to their respective
values at T = 140 K.

The originally prepared sample (Fig. S, curve 1) exhibits a sharp one-stcp resistive
transition with T, = 105 K and Ty (R = 0) = 92 K. Presence of the low-T, phase,
detected by susceptibility measurement, is thus completely disguiscd by the high-T,
one, which is characteristic for the Pb-substituted samples!®'!. Above the onset of the
superconductivity resistance increases up to room temperature.

On the curve 3 (Fig. 5) one can see two qualitatively new features. First, there
appears a second step on the R(T) curve which indicates the presence of the low-T,
phase and second, the normal state resistance takes a semiconducting character with
dRMT < 0.

The two-step character of all curves unambiguously demonstrates the presence of
both superconducting phases in the sample in accord with susceptibility data.

1-6
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Fic. 4
Relative changes of the volume of the
superconducting phases of BiSrCaCuO as a

function of total soaking time t,. 1 V,, total

superconducting volume; 2 Vy, high-T, and 3V,
low-T, phases, respectively

FiG. 5
Changes of the resistance of BiSrC:aC'uO sample
after soaking in boiling water. 1 originally prepa-
red sample, 2 20 min, 3 40 min, 4 60 min, 5 80
min, 6 100 min, 7 120 min
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