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The effect of pelletization pressures on structural properties and critical current hysteresis of
Bi, ,Pb, ;Sr,Ca,Cu,0, samples was investigated. The samples used in this study were prepared by classical
solid-state reaction at the pressures from 100 up to 500 MPa. The obtained samples were characterized by
resistance vs. temperature, (R—T), critical current density vs. applied magnetic field, (J.—H), material den-
sity vs. pressure, (p— P), XRD, SEM, and EDAX. The results of this study showed that the quality of
electrical and structural properties of Bi-2223 bulk superconductors strongly depends on the pelletization
pressure. Pressing of bulk samples at 400 MPa produces textured grain alignment and associates micro-
structural modifications in order to enhance flux pinning and thus increases current carrying capacities.

1 Introduction

The superconducting phases of Bi—Sr—Ca—Cu—O system are often described by the atomic ratios of the
ingredient elements, and by the superconducting transition temperatures. The highest transition tempera-
ture of the Bi-2223 is 110 K. So as to obtain a material, which has a homogeneous single phase and a
high transition temperature, different methods are used such as doping with Pb [1] and vanadium atoms
[2], adjustment of the thermal treatment [3, 4], etc. The structure and current transport in granular super-
conductors are governed by the nature of the diamagnetic grains and their interconnections, which com-
prise the superconducting matrix. The size and distribution of the interconnections and their properties
greatly depend on the processing method used which enhances the critical current density by growing
grains, improving the grain boundary stoichiometry, the intergranular coupling and grain alignment.

The hysteresis in critical current-magnetic field curves was reported for high 7. Bi—Sr—Ca—Cu-O
superconductors [5]. Transport critical current densities of bulk ceramic high 7. superconductors have
generally been restricted to values approximately 10° A/cm” at 77 K in self-field because of weak inter-
granular current transfer. The critical current density J.(B) has been elucidated by a model consisting of
strongly superconducting grains joined by Josephson junctions [6]. In small magnetic fields critical cur-
rent densities of bulk samples are rapidly depressed to values less than 10 A/cm”. The hysteresis in high
T. superconductors has been given by using a bridge model in which edge pinning at the bank becomes a
source of hysteresis since the surface currents in the narrow part of the bridge add to or subtract from the
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transport current depending on the direction of applied field [7]. Hysteretic behavior of transport critical
current was reported by Abukay et al. [8] for Bi (Pb)-Sr—Ca—Cu-O system and SEM studies on
Bi (Pb)-Sr—Ca—Cu-O were reported by Bunescu et al. [11].

The influence of pelletization pressure on magnetic susceptibility of Bi (Pb)-Sr—Ca—Cu—O was re-
ported by Fradina et al. [9]. The purpose of this work is to give the effect of pelletization pressure on the
structural properties and the critical current hysteresis of Bi-system in the applied magnetic field. We
report our results of R — T, XRD, SEM, EDAX, and hysteresis measurements on /. for different samples,
which pelletized at the pressures of 100 to 500 MPa.

2 Experiments

The bulk ceramic samples used in this study were prepared by the ordinary process using Bi,Os, PbO,
SrCO;, CaCO;, and CuO powders. The powder of these oxides and carbonates were mixed by molar
ratio 1.7:0.3:2:2:3 to obtain Bi, ,Pb,;S1,Ca,Cu;0, nominal composition. After mechanically mixing in
an agat mortar the final mixture in powder form was calcined twice at 800 °C for 24 h. The calcined
material was ground and pressed into pellets of 13 mm in diameter at pressures from 100 to 500 MPa.
Then the pellets were sintered at 840 °C for 200 h with three intermediate grindings and the cooled to
room temperature at a rate of 4 °C/min.

The bulk samples for /. vs. H measurements were cut into rectangular bars from the pellets and they
were tinned by using abrasive papers. The I. vs. H measurements were made using a standard four-probe
method, and contacts were made using silver paste. In order to contact heating, all measurements were
made with the samples immersed in liquid nitrogen (77 K). For low magnetic fields a copper wire sole-
noid was used. The field direction was kept perpendicular to the measuring current direction. The critical
current densities, J,, were resistively measured in zero field cooled (ZFC) condition where the samples
were cooled from room temperature down to 77 K at zero-magnetic field (neglecting the effect of earth’s
magnetic field). The critical current was measured in an increasing field, H,, up to a maximum field, H,,,.
The applied field, H,, was decreased gradually down to —H,,. The critical current, I, was defined by
taking a voltage drop of 1 pV/cm across the voltage terminals.

The ac electrical resistance measurements were made by using standard four-probe method by a two
phase SR-530 lock-in amplifier. The zero-resistance temperature, 7, was obtained from R(7) curves.
X-ray diffraction patterns of the samples were obtained with Rigau D. Max 3 CXRD by using mono-
chromatic CuK,, radiation in the 2® = 3° to 60° range. SEM photographs for the study of surface mor-
phology of the samples and EDAX analysis were obtained using a XL30S FEG SEM.
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Fig. 2 a) Critical current density vs. pressure at 77 K, b) density vs. pressure.
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Fig. 3 Hysteresis curves of critical current densities under the decreasing and increasing applied magnetic field.
Denoted a), b), c), d) are representing the different samples pelletized at pressures of 200, 300, 400, and 500 MPa,
respectively.
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3 Results and discussion

Figure 1 illustrates the resistance of the Bi, ,Pb,;Sr,Ca,Cu;0, samples as a function of temperature, R(T).
The resistance of the samples touched down to zero in the range of 100 to 105 K depending on their
pelletization pressures. For the sample, which pelletized at 100 MPa, as seen in Fig. 1, the resistance did
not approach zero because of its highly porous structure. For samples, which pelletized at 300, 400, and
500 MPa, their normal state resistances above the transition temperature were small compared to the
other two, and also for these three samples, the transition temperatures were almost the same.

Figure 2a illustrates the zero-field critical current density of samples versus pressure, (J.(0) — P). As
can be seen in this figure, critical current density increases with the increasing pressure, and reaches its
maximum value at 400 MPa, then decreases to a lower value while the pressure rises up to 500 MPa.
Figure 2b represents the density of the samples as a function of pressure, (o — P). With increasing pres-
sure from 100 to 500 MPa, the density of the samples monotonously increased from 2.9 to 4.5 g/cm”.

Figure 3 shows the systematic of the hysteretic response of the transport critical current densities, J.,
of the samples as a function of applied field, H,, in liquid nitrogen temperature (77 K). In Fig. 3a, the
sample, which pelletized at 200 MPa, yields the zero field critical current density of about 45 A/cm?. The
critical current density for the virgin curve drops steeply with increasing field. This is a typical behavior
for the ceramic bulk superconductors and has been given a detailed analysis by Peterson and Ekin [6].
The value of J, noticeably differs from the virgin curve by increasing as the field sweeps in the decreas-
ing direction. The same effect was observed for the negative sweep of the field. The maximum fields at
both positive and negative directions were up to 50 Oe for this sample. J. values were measured for ini-
tially increasing field towards positive direction. When the field was decreased from a positive maximum
H,,, hysteresis showed up. The same effect was observed for the negative sweep of the field. The main
feature in this behavior is the depression of the maximum value of the critical current density. This
shows us a clear hysteretic behavior in J.. In Fig. 3b, the sample, which pelletized at 300 MPa, shows the
zero field critical current density at about 100 A/cm®. As indicated in this figure, the J, value at zero-field
was increased about two times compared with the first one, and the hysteresis loses for this sample ex-
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Fig. 4 XRD patterns of the samples pellet-
ized at different pressures of 100, 200, 300,
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isted up to a value of 50 Oe for the maximum value of applied magnetic field, H,. In Fig. 3c, the sample
shows the zero field critical current density at about 200 A/cm?, which was pelletized at 400 MPa. The J.
value at zero-field increased up to a maximum value depending on the increasing pressure, and the hys-
teresis loses existed up to 80 Oe as the maximum value of applied magnetic field, H,. In Fig. 3d, the
curve shows the hysteretic behavior of the value J. of the sample pelletized at 500 MPa, in which, hys-
teresis loses were observed up to 70 Oe, and zero magnetic field current density was depressed to a value
of 160 A/cm’.

The results in Fig. 3 show us the zero-field critical current density, J., and maximum field, H,,, in-
crease with the increasing pelletization pressure from 200 up to 400 MPa for ceramic
Bi, ;Pb,;Sr,Ca,Cu;0, superconductors and again tend to a lower value at 500 MPa. This means that the
pelletization pressure plays an important role in texturing mechanism and the quality of intergranular
parts of the samples. When the pressure exceeds 400 MPa, as can be seen in the SEM micrographs in
Fig. Se, some micro-cracks and defects are generated in the material, and also interconnections of the
grains become thinner for the 500 MPa sample. This causes the low J. compared with that of 400 MPa.

d)

Fig. 5 SEM micrographs of the samples pelletized at

different pressures; a), b), c), d), e) are representing the

different samples pelletized at pressures of 100, 200, 300,
e) 400, and 500 MPa respectively.
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XRD patterns of pellets at 840 °C for various pelletization pressures are shown in Fig. 4. The pressure
values of 100, 200, 300, 400, and 500 MPa are given inside of the figure at the different curves. These
patterns clearly indicate the related changes in pelletization pressure. It is obvious that the sample pellet-
ized at 100 MPa shows the dominant 2212 low T, phase. The increasing pressure up to 400 MPa indi-
cates the samples tending to a further formation of 2223 phase, the disappearance of non-
superconducting phases and the sharpening of reflections, which is presumably related to the elimination
or decrease of plane defects induced by incomplete crystallization treatment. At 400 MPa, the character-
istic (002) peak of the 2223 phase was detectable. Moreover, the enhancement to the growth of the 2223
phase can be found in this sample. As the pressure was increased to 500 MPa, the intensity of the peak of
2223 phase decreased compared to that of the sample pelletized at 400 MPa. This result suggests that in
obtaining the 2223 phase in pelletized bulk samples an optimum pelletization pressure is existing and its
value appears to be around 400 MPa as seen in this work.

The SEM study of the samples revealed the microstructures over the entire samples area and
representative micrographs of the fractured surfaces of Bi-2223 pellets are shown in Fig. 5. The
comparison of micrographs related to the pressures from 100 to 500 MPa clearly indicates that the grains
have well defined plate-like shape and are closely packed with little porosity for the sample pelletized at
400 MPa. The closely packed grains are indicative of better density of this sample. In Fig. 5a, for the
sample, which pelletized at 100 MPa, most of the microstructure consisted of flakes with a few plate-like
crystals. The amount of plate-like crystals and grain sizes increased with increasing pelletization
pressure. As seen in Fig. 5d, the microstructures mainly consisted of the plate-like crystals with a few
flakes. This morphology improves the density of the material and the superconducting properties by
increasing the contacts between the individual grains. In Fig. Se, the microstructures consisted of the
plate-like crystals with an increasing number of some particles, which can be defined as micro-cracks
and defects in the plate-like crystals.

The typical elemental compositions of the plate-like crystals of all samples analyzed by EDAX are
shown in Fig. 6. These results are similar to those reported earlier by Takano et al. [1] and Kijima et al.
[10].

4 Conclusion

In this study, the effects of some texturing mechanisms such as the pelletization pressure on the struc-
tural properties, transition temperature, and critical current hysteresis of the Bi-2223 system were inves-
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tigated. The samples used in this study were prepared by classical solid-state reaction at the pressures
from 100 up to 500 MPa. The obtained samples were characterized by resistance—temperature, critical
current density—magnetic field, density—pressure, XRD, SEM, and EDAX. The results of this study
showed that the quality of electrical and structural properties of Bi-2223 bulk superconductors strongly
depend on the pelletization pressure. R—T and J.—H measurements showed that the quality of electrical
and structural properties of samples decrease while the pressure exceeds 400 MPa, which is seen for the
sample pelletized at 500 MPa. SEM and XRD results found are also supporting these observations. In
particular, pressing of bulk samples at 400 MPa produces textured grain alignment and associates micro-
structural modifications in order to enhance flux pinning and thus increase current carrying capacities.
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