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ABSTRACT
Preliminary data suggests that the combination of uranium doping and neutron irradiation
produces improved flux pinning in Bi-2223 tapes over neutron irradiation alone. Before
neutron irradiation, uranium doping has no effect on critical current. The uranium appears to
be homogeneously distributed throughout the oxide core of the tape. Finally, the presence of
2212 and other secondary phases in the doped tapes suggest further refinement of the sintering
procedure is necessary.

INTRODUCTION
Progress has been made in understanding the flux pinning behaviour of the Bi-Pb-Sr-Ca-Cu-O
system. Enhancement of magnetic flux pinning has been attained through neutron irradiation. A
noticeable enhancement in transport Jc in Ag/Bi-based 2223 tapes has been achieved using fast
neutron irradiation, which was attributed to an improvement in flux pinning capability [1].
Preliminary studies on uranium doping on Bi-2223 powders show a beneficial effect on flux
pinning [2]. Thus it is believed that a combination of neutron irradiation with uranium doping
would introduce fission tracks throughout a tape which will act as effective pinning centres,
leading to a substantial increase in critical current.

EXPERIMENTAL
Short Ag-clad Bi-2223 tapes, both doped and undoped, were prepared using a standard
powder-in-tube procedure [eg.3]. Commercial Merck powder was used, with doped samples
having 0.3%(by weight) uranium oxide added and then ball milled for an extended period of
time. Sintering was performed using a tube furnace with a temperature gradient from one end
to the other. A two stage sintering procedure was used. Temperatures were ramped at lC/min,
and each stage was held at 840*0.50 for 50 hours. Pressing at lGPa was carried out after the
first stage. During the final 30 hours of the second stage, temperature was reduced to 820C.
Samples were then irradiated with a fluence of 4x1016 n/cm2 using fast neutrons.

Before irradiation, SEM, DTA and XRD was performed on the tapes. Both before and after
irradiation the trapped maximum magnetic flux was measured at 77K.

RESULTS AND DISCUSSION
Early results using the standard two stage sintering procedure have generated critical currents
in 0.3% uranium doped Bi-2223 tapes similar to the best undoped tapes (Figure 1). Figure 1
shows that the optimum sintering termperature for the doped tapes is 1-2C lower than for
undoped tape. XRD shows that the uranium doped tapes contain approximately 20% Bi-2212



Figure 1: Critical Current of Uranium Doped and Undoped Bi-2223 Tapes (1 ji V criterion)
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phase and other secondary phases such as (Ca,Sr)CuO, (Ca,Sr)PbO4 and CuO. Undoped tapes
contain fewer secondary phases (Figure 2).

Figure 2: XRD of Uranium Doped and Undoped Bi-2223 Tapes after Final Sinter.
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Preliminary SEM suggests that the uranium dispersed throughout the BiSCCO. Having the
uranium homogeneously dispersed will result in an isolated U235 fission when neutron
irradiated. When the U235 fission occurs there is a back to back emission of fragments which
is thought to produce damage in the form of an isolated column. It is expected then that the
total damage will appear like a collection of needles of random spacing and orientation. A
TEM study is underway to examine the damage due to the fission events.

Some preliminary magnetization results on the neutron irradiation of uranium doped tapes have
been obtained. Table 1 below compares the maximum trapped magnetic field before and after
neutron irradiation. Unfortunately these results are not reliable due to one of the tapes being
bent, and noise on the gaussmeter on which the measurements were made. The (now
radioaaive) tapes have been sent onto Atomic Institute in Vienna, Austria for analysis by
Professor Weber's group.



Table 1: Maximum Trapped Magnetic Field (BT) Before and After Neutron Irradiation.

with uranium
with uranium
no uranium
no uranium

Sample Number
U-4
U-6
Un-1
Un-3

BT before (gauss)
4.0
1.5
3.1
3.2

BT after (gauss)
(0.9)(1)

7.9
7.5
11.9

R(2)

—

5.3
2.4
3.7

(1) This tape was bent during the neutron irradiation process.
® ratio R=(trapped field after irradiation)/(trapped field before irradiation)

The results presented in Table 1, whilst not unreasonable, are to be treated with caution.

CONCLUSION
The addition of 0.3%(by weight) of uranium oxide into the commercial Merck powder lowers
the optimum sintering temperature by 1-2C. The relatively large amount of 2212 and other
secondary phases in the uranium doped tape suggests the sintering procedure requires further
refinement. SEM analysis suggests that the uranium dopant is homogeneously distributed
throughout the Bi2223 grains, possibly substituted into the lattice itself. Neutron irradiation of
uranium doped and undoped tapes has been carried out. Early evidence suggests that the
combined uranium doping/neutron irradiation process produces greater flux pinning than
irradiation alone, however this magnetization data was collected with a noisy gaussmeter and
will need to be verified. A TEM study is underway to examine the structure of the random
columnar defects generated by uranium fission events.
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