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Abstract. The degradation of the superconducting phasg$i, 3551, {Ca Cu;0, and its characteristics: electri

cal resistivityR, critical temperaturd (R=0), critical current density,, and volume fraction of Meissner phase

Cm, have been investigated at 550-81@nd R,=2-10!. . . 1:1(° Pa by X-ray diffraction, resistance, inductance

and magnetic methods. It was established thapgt-B0% Pa degradation of the ceramic samples runs through the
solid solutions decomposition. As a result, the intergrain critical current is decreased 10-20 times while the
intragrain one is increased 1.5-2 times. AbP101— 102 Pa the inter- and intragrain critical currents are decreased

by 5-10 times and by 1.5-2 times respectively as a result of oxygen extraction without visible destruction of the
Bi,Pb-2223 structure.

Keywords: high T, superconductor, critical currents, superconductivity degradation, oxygen-stoichiometry, (Bi,
P6-2223) ceramics

tention was primarily paid to the intergrain critical cur-

1. Introduction rent density as the most sensitive structural characteris-
tic of the ceramic HTSC. For comparison, the
The superconducting phase ,BjPhSr,CaCu;0, intragrain critical current density was also determined

(Bi,Pb-2223) with the highest critical temperature in the initial ceramic samples and after their partial

105-110 K is not stable at temperatures between 500—degradation by annealing in air and nitrogen at°zo0

80C°C in air and oxygen. It is decomposed with the during 8 hours.

partial or total degradation of transport critical €ur

rents in the ceramic samples [1,2]. In nitrogen

(Po,=20-50 Pa) the crystal structure of the phase 2. Experiment

Bi,Pb-2223 is stable up to temperatures about’@50

[3] while the critical parameters degrade partially The main part of this research is carried out on the ce

without visible destructions of the superconducting ramic samples of the nominal composition

phase crystal structure [4,5]. These results indicate dif Bi; gPhy 3551 §Ca ,CU0,. Basically, the same results

ferent mechanisms of the superconductivity degrada were also obtained on the samples of the initial eom

tion at high and low partial pressures of oxygen. positions Bj gPh, ,Sr,CaCu;0, and B, gdPhy 5551 g
This investigation on the determination of the eriti  Ca, ;Cu;0,. On the X-ray diffraction pattern the initial

cal parameter degradations of the superconducting ceramic samples were near single phase, their density

Bi,Pb-2223 ceramics in a wide range of the oxygen was about 90%. The superconducting volume fraction

partial pressure-20t . .. 1:10° Pa was carried out to  was registered at 75-90% depending on the heat treat

evaluate the principal essence of the indicated degrada ment and cooling conditions of the samples. The-elec

tion mechanisms and their dominant action fields. At trical resistivity, critical parameters were determined
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by 4-probe resistive measurements on DC current ascritical temperaturel. (R=0) and changes of resis

described in [2]. The critical parameters were deter
mined by magnetic susceptibility measurements on
bar-shaped samples with cross section about 2 mm
located along the AC-magnetic field of 10 Oe as well
as on powders in 100 Oe AC-magnetic field too. Imag
inary part of the AC susceptibility was used to esti
matej., as described in [6]. Bean’s model of flux pene
tration in a slab or cylinder was applied. For the
ceramics samples, the single peakyd{T)-curve was
assumed to correspond to intergrain currerjtg), (
which was supported by the nearly full shielding at
low temperatures, while for powders, th§T) peak
was assigned to intragrain currenfgy)( The slab
thickness was used as characteristic size to dggive
and average grain size of 10 microns—to estimgte
The error of T, measurements was 1 K. The errors of
jep @ndj.g measurements were about 20% and 50% re
spectively.

Thej., determined by resistive method was mea
sured at 77 K in zero magnetic field. The voltage crite-
rion was 1uB.

3. Results and Discussion

The dataj,, R (at room temperatureR), T, (R=0)
given in Figs. 1 to 4, table 1, were measured by the re-
sistive method. The critical current in this case de-

tance R at room temperatureR() of the ceramic
samples after annealing in air at 7680are shown in
Fig.1. It is possible to see that curvesTqfandj, for

the samples quenched from temperatures of 820-
840 C pass through the maximum (curves 1,3). On the
contrary, the samples cooled slowly from 820-820
when the electric furnace was turned off have shown
the increase of ,on 2-3 K ang by 1.5-2 timest&0)

and a smooth shape of the degradation kinetic curves
(curves 2,4).

According to data of X-ray diffractionC,, j. at
810°C; the superconducting phase was not degraded
any more and the degradation rate was quickly de
creased when the temperature went down below®00
(Fig 2). The main product of the decomposition was
the 2223 phase without or with small content of Pb.
The dominant impurity was the phase of the
Phby(Sr,Ca)CuQ, kind [7]. There also could be found
smaller contents of the phase impurities like Bi-2212,
Bi-2201, CgCuQ; and apparently CuO. Therefore the
degradation process of Bi,Pb-2223 can be approxi-
mately described by the following reaction, for exam-

ple:

10 Bi; Pl 5Sr,CaCu0, —
8 Bi,Sr,CaCu;0, + Pb;SrCaCuQ, +
0,75 CgCuQ; + 0,5 Bi,Sr,CaCuyO, +

3,25 CuO @

pends on the intergranular states and may be identified = The same phases were also observed after degrada-

as intergrain current density.
The degradation of critical current densiity(77K),

tion in oxygen. In addition phase the SrRp@as
found sometimes. In the decomposition products at

Table 1. Meissner phas€,, (vol.%), critical temperaturé&, (R=0)(K) and critical current density. (77 K, OT) (A/cn®) of ceramic samples
Biy 5Py 355N §Ca LU0, before and after annealing at 7a@in He, contained 8; 0.69; 0.17 vol.%,@nd after the following reannealing at

400°C 1,5 h. in air.

Annealing at 708C, hours

O, in He Parameter Reannealing at
vol% s 0 25 40.5 400C 1,5 h, air
Cn 78 50 27 27
8 T. 105 105 105 105
Je 1200-1400 940-1000 100-150 150-200
Cn 78 51 37 37
0.69 Te 107 106 106 106
Je 1200-1400 900-1100 600-700 1100-1250
Cn 78 50 43 44
0.17 T. 102 101 100 101
Je 1200-1400 1000-1100 360-450 900-1000




Fig. 1. Changes of. (77 K) (1,2),T. (3,4) andR, (5,6) in quenched
(1,3,5) and slowly cooled (2,4,6) from 84D ceramic samples of
Biy 5Py 3551 Ca& 1CU0, after annealing in air at 75G.

high pressures of oxygen this phase was dominant [1].
The degradation rate in oxygen was 2—3 times higher
than that in air. The non-single phase samples of nomi-
nal composition Bj Py, ¢Sr,Ca,Cu;0, were degraded
more actively up to total loss of superconductivity at
77 K.

The superconducting phase and its properties in
partially degraded samples were already restored on
60—-80% during 3—4 hours at 810, during 0.5-1 hour
at 830C. Then there were practically no further
changes, though the superconducting volume fraction
raised slowly [2]. Practically complete recovery of the
superconducting phase volume fraction and its param-
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Fig. 2. Dependencies gft/jc, —critical curent density (77 K) of
the samples before annealingd,(77 K)—after annealing hours,
Alcm?) vs annealing duratiort)(of the Biy gsP 355h Ca 1Clsoy
ceramic samples in air at temperatur&s)( 600(1), 650(2),
790(3), 700(4), 775(5).
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eters required longer firing in air at 850—-885during
40-50 hours.

In nitrogen Pp,=20 Pa), at temperatures of 550-
75C°C; the superconducting characteristics were de
creased, the resistance was increased during the first
20-40 minutes and they were practically not changed
during the following 10-20 hours (Fig. 3). On the
X-ray diffraction, the phase composition was not
changed noticeably. The recovery of superconducting
parameters up to 80—90% took place at 3002206
air, but the superconducting volume fraction was not
changed. These data indicate that the Bi,Pb-2223 su
perconductivity degradation in nitrogen from resulted
oxygen extraction without visible phase decomposi
tion.

The degradation of Bi,Pb-2223 ceramic samples
was studied in addition at 700 in helium with inter
mediate amounts of oxygen 8; 0,69 and 0,17 vol.%. As
it is possible to see from Fig. 4 and table 1 the maxi
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Fig. 3. Changes oR, (1), C;,, Ci/C2(2), jo JHMj° (3), Te (4) in
Biy Py 355N §Ca LU0, samples after annealing inyMt 550C
(a) and 750C (b).



92 Kononyuk et al

Je. Alem? ductivity at high and lowP, the method of magnetic
susceptibility measurements has been used. The re
sults are shown in the Table 2. It is possible to see that
the intergrain critical currentgy{) are decreased when
1000 samples are annealed in air and nitrogen at°C00
However the intragrain critical currend () was in
creased by 1.5-2 times at partial decomposition of the
2223 phase in air, the critical temperature remaining
almost unchanged. In nitrogen the intragrain critical
current was decreased 1.5-2 times, as result of oxygen
extraction.

The temperature dependence of the inter- and
intragrain critical currents were in accordance with the
correlation [8].

1250

jcb(jcg) ~ (1 -T/TY" ()
Fig. 4. Changes of Blesly 36511 4C2 LCu50y ceramic samples The parameters are shown in the Table 2. The
critical current densitief, (77 K), after annealing at 700 at . . L. .
P,(Pa): 6,9.18(1); 1,7-10(2); 810%3); 2-101(4): 2,1104(5); meann value for the intragrain critical currents is near
1-105(6). 2 as well as for Bi,Pb-2212 and Bi,Pb-2223 whiskers

[8]. This n value is typical for the SNS as well as for
the SIS Josephson junctions near the critical tempera-
mum stability of critical current took place at 0,69 ture [8]. Then yalue for the intergr_air_l cr_itical currents
vol.% O, in the gas phase. The following heat treat- Were a little h|ghe_r (Table 2): This |nd|c_ate the more
ment at 406C in air showed the recovery of the criti-  COmplete correlations on grain boundaries.
cal currents up to 80-90% in the ceramic samples after ~ The character of¢, changes depending on treat-
their degradation at 70 in the gas phases with 0.17 ment conditions, determined by the method of mag-
and 0.69 vol.% @ This parameter was not changed Netic susceptlblllty_measurem_en_ts, was identicg|.to
noticeably in the samples decomposed in the gas phaselcn) changes, obtained by resistive method.
with 8 vol.% O, (Table 1). Thus, aPg, higher than~
1.1® Pa, the superconductivity degradation at 550—
800°C is caused by the Bi,Pb-2223 decomposition and 4. Conclusion
at the lowerP, (10-1GPa) the superconductivity
degradation at 550-730 dominates because of the The superconducting properties of
oxygen extraction from the Bi,Pb-2223 phase without (Bi,Pb),(Sr,Ca)Cu;0, (2223) ceramics were €e
its visible decomposition. graded at the temperatures of 550-8D@nd at the ox
In order to compare changes of the inter- and ygen partial pressures of 10. . 1% Pa. AtP,, =10
intragrain critical currents at degradation of supercon Pa, the degradation was carried out by the decomposi

Table 2. Intergranulay, intragranulaj critical current density (A/cR), critical temperaturd (K) by susceptibility measurementsfrom
correlationg g(jeg)~(Tc—T)" in initial Biy gsPhy 3551 ¢Ca LU0, samples and after their annealing at 7@ hours in air and nitrogen.

Annealing Initial samples 70C0°C, 8 h, air 700°C, 8 h, N2

TK jcb jcg jcb jcg jcb jcg

100 98 42300 8 28000 7 15000
90 670 150000 51 190000 74 73000
77 2500 350000 180 570000 400 200000
60 5900 — 623 — 1360 —
ToK 110,2 — 110.6 — 108,9 —

n 2,57 1,73 2,65 2,48 3,28 2,21




tion of the 2223 phase to Bi-2212, Bi-2201, a0,

and CuO phases. The highest degradation of the
intergrain critical current density, (77 K) up to it's

full loss took place after calcination at 700-7C5lur

ing 10-15 hours in air. The intragrain critical current
Jeg (77 K) was increased also by 1,5-2 times even in the
ceramics samples with full degradation of the
intergrain critical current. AP, = 10t — 10? Pa and

at 550-750C, the inter- and intragrain critical currents
were degraded by 5-10 times and 1.5-2 times respec
tively as a result of an oxygen extraction without visi
ble destruction of 2223 structure. Consequently fer in
creasing of the critical currents the 2223 ceramics
must be cooled slowly (200-300/h) from 800—
860°C in air. The tempered ceramics must be heated
10-15 minutes at 700-7%0 in air.
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