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Abstract
The critical current properties of a superconducting Bi-2223 tape produced by the
over pressure processing at the nal heat treatment were investigated. The critical
current density increased more than the factor of densi cation of the superconducting region. In addition, the irreversibility eld also increased. This means that the
quality of ux pinning is improved by the new process. From the numerical calculation based on the ux creep and ow model, it is speculated that the fraction of
weakly pinning regions decreases due to the improved connectivity of grains.
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1 Introduction

Bi-2223 silver-sheathed wire has a high potential for practical use such
as magnets, transformers and power cables, since long wires in kilometerclass with the high critical current density have been constantly fabricated.
However, further development of the critical current density and reduction
of the AC loss are required for the present silver-sheathed Bi-2223 tape to
increase the performance for application [1].
One of the important factors which determine the critical current density
is the densi cation of the superconducting Bi-2223 phase as well as the c-axis
orientation. For improvement of this densi cation process the application of
high pressure has been investigated in detail [2]. Recently a new over pressure process has been developed and a high isostatic pressure over 20 MPa
is applied to the tape during the nal heat treatment in a controlled oxygen
atmosphere [3,4].
In this study, the critical current properties of a superconducting tape fabricated by the over pressure processing are investigated in detail. The obtained
results are theoretically analyzed using the ux creep- ow model in which the
distribution of ux pinning strength is taken into account.
2 Experimental

Two Bi-2223 tape specimens were measured. Specimen #1 was fabricated
by the over pressure processing and specimen #2 was fabricated in an ambient
pressure for reference. The silver ratio of the tape was about 1.5 and the critical
current of #1 and #2 at 77.3 K in self eld was 126 A and 104 A, respectively.
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The mass concentration of superconducting phase is increased by 12 %
by an application of the over pressure. On the other hand, the microscopic
observation of the cross section revealed that the average lament thickness
de ned at the center of each lament and its standard deviation reduced by
factors of 0.84 and 0.78, respectively. This clari es that this new process not
only densi es the lament but also improves the uniformity of the lament
thickness.
The eld angle dependence of the critical current density, Jc, of the tape
specimens was measured resistively at 77.3 K. The transport Jc in a magnetic
led normal to the tape surface was measured in the temperature region of
65 to 90 K. The n value was estimated from the E -J curve. Magnetization
measurement was also done using a SQUID magnetometer in the temperature
region of 10 to 77.3 K, and the magnetization critical current density was
determined from the hysteresis of magnetic moment 1m using Bean's model.
The irreversibility eld, Bi , was determined by the magnetic eld at which Jc
reduces to 1:0 2 106 A=m2.
3 Flux creep- ow model

According to the ux creep- ow model, the critical current properties can be
calculated as a function of the virtual critical current density, Jc0 , in a creepfree case. The isotropic virtual critical current density is usually expressed
by
"
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where A, m, and  are pinning parameters.
3

(1)

In usual oxide superconductors, Jc0 is known to be widely distributed. Here
only the parameter A in Eq. (1) is assumed to be statistically distributed as
"

(log
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where Am is the most probable value of A, 2 is a parameter representing the
degree of distribution width of A and K is a normalizing constant. The local
electric eld, E 0, is determined from the mechanism of ux creep and ow.
Thus the total electric eld is given by
( )=
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Hence, the average E -J curve is calculated from Eq. (3). The details of the
analysis are described in Ref. [5].
4 Results and Discussion

Figure 1(a) and (b) show the transport and magnetization critical current
density, respectively, of the two specimens in the magnetic eld normal to the
tape surface. Symbols and lines show the experimental and theoretical results
based on the ux creep- ow model, respectively. It is found that the critical
current density at the low eld is enhanced by a factor of 1.5{2.1 in the whole
temperature range of measurement by the introduction of the over pressure
processing. This explains the enhancement of the critical current in spite of
the reduction of the cross-sectional area of the superconducting region.
In the theoretical analysis of Jc-B characteristics using the ux creep- ow
model, the pinning parameters, m, , Am and 2 , are determined so that a
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good t is obtained between the experimental and theoretical results as shown
in Fig. 1(a) and (b). The parameters used are shown in Table 1.
Figure 2 shows the magnetic eld angle dependence of the transport Jc of
specimen #1 at T = 77:3 K, where  is the angle of magnetic eld measured
from the tape surface. This result shows that the critical current density is
uniquely expressed as a function of the magnetic eld component normal to
the tape surface, B sin , in the large angle region. The value of eld angle
at which the deviation starts to occur gives approximately the out-of-plane
misorientation angle of grains [6,7]. This value for specimen #1 is smaller
than that for specimen # 2 as shown in Fig. 3. This result is consistent with
a FWHM of a rocking curve for a similar specimen [2].
Figure 4 shows the temperature dependence of the irreversibility eld of
specimens #1 and #2. The circular and square symbols show the experimental
results determined by the magnetic eld at which transport and magnetization
Jc reduces to 1:02106 A=m2 , respectively. The lines show the theoretical results
calculated using the ux creep- ow model with parameters in Table 1. It is
found that the irreversibility eld is enhanced by a factor of 1.04{1.19 in the
both measurements by the introduction of the over pressure processing.
The above experimental results show that the enhancement factor of Jc is
larger than the enhancement factor of the mass concentration of 1.12. This
means that the quality of ux pinning is also improved by the over pressure
sintering. This is consistent with the improvement of the irreversibility eld
shown in Fig. 4.
Figure 5 shows the distribution of pinning strength obtained from the transport measurement for the two specimens. A similar result is obtained also for
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the magnetization measurement. The distribution of specimen #1 (solid line)
is shaper than that of specimen #2 (dash line). In this measurement the
pinning centers responsible for the observed electric eld are those with the
A-value below 109 , i.e., in the vicinity of the minimum value of A. The fraction
of weak pinning potentials seems to decrease due to the improved connectivity
of grains by the over pressure processing. The improvement of the irreversibility eld is ascribed to this change. This speculation is consistent with the
reduction in the out-of-plane misorientation angle of grains shown in Fig. 3.
It is concluded from the above results that the over pressure processing
is e ective to improve the connectivity of grains and to enhance the critical
current density and the irreversibility eld. The process conditions are required
to be optimized for further improvement of those properties.
5 Summary

The critical current density and the irreversibility eld of the Bi-2223 tape
prepared by the over pressure processing is investigated in detail and the
results are analysed with the ux creep- ow model.
It is found that the critical current density is drastically improved by the
over pressure processing. This cannot be attributed only to the enhancement of
mass concentration of the superconducting phase, but also to the improvement
of grain connectivity and crystal alignment. The latter fact means that the
quality of ux pinning is also improved by the over pressure sintering. This
is consistent with the improvement of the irreversibility eld. The theoretical
results support the expectation that the fraction of weakly pinning regions
decreases due to the improvement of the connectivity of grains by the over
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pressure processing.
From these results, the over pressure processing is promising for the improvement of the critical current property of Bi-2223 tapes and a further
improvement is expected by optimization of process conditions.
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Figure 1 (a) Transport and (b) magnetization critical current density of specimens
#1 and #2 at various temperatures in a magnetic eld normal to the tape
surface. Symbols show experimental results and lines show the theoretical
results based on the ux creep- ow model.
Figure 2 Transport critical current density of specimen (a) #1 at 77.3 K versus a
magnetic eld component normal to the tape surface.
Figure 3 Misorientation angle of specimens #1 and #2.
Figure 4 Temperature dependence of irreversibility eld of specimens #1 and #2.
Circular and square symbol show experimental results estimated from Fig. 1
(a) and (b), respectively. Lines show the theoretical results.
Figure 5 Distribution of the pinning strength estimated from the transport measurement using the ux creep- ow model.
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Table 1 : Parameters used for numerical calculation
upper critical eld:
pinning parameters:

(0) = 50 T
= 0:2,  = 2:0
m = 3:3(transport), 3.5 (magnetization)
number of ux lines in the ux bundle:
g 2 = 1:35 (transport), 1.30 (magnetization)
distribution of pinning strength (transport):
Am = 2:1 2 109 ,  2 = 0:035 (#1), 0.050 (#2)
distribution of pinning strength (magnetization): Am = 2:1 2 109, 2 = 0:025 (#1), 0.038 (#2)
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