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Superpermanent Magnet

Researchers at the Superconducting Research Laboratory, Tokyo, Japan [S. Gotoh, M.
Murakami, H. Fujimoto and N. Koshizuka, J. Appl. Phys., 72 (6), 2404, 15 September 1992] have
described their success in preparing a superconducting YBa,Cu,0, (1:2:3) permanent magnet
(- a "superpermanent” magnet), with impressive permanent magnet properties (BH,, of 110
MGOe) while in the superconducting state at 5K. The possibility of a superconducting permanent
magnet with trapped flux has been considered since the discovery of type-ll superconductivity.
However, in practice this has been difficult to realize because of flux jumping due to thermal
instability and poor mechanical strength. A few years ago S. L. Wipf and H. L. Laquer proposed
that these problems could be overcome by using high T, ceramic superconductors with large J,
values because the thermal stability is quite high at high temperatures due to their large heat
capacities [IEEE Trans. Magn., Mag-25, 1877 (1989)]. Gotoh et al. reasoned that melt
processed 1:2:3 superconductors are potential candidates for superpermanent magnets because
they have high J,, values and good mechanical properties. The melt processed Y-Ba-Cu oxide
superconductor material contains Y,BaCuOg (2:1:1) inclusions in the YBa,Cu,0O, matrix, and
these inclusions act as strong pinning centers, which prevent flux vortices from moving and as
a result one obtains high J, values. When superconductors have large pinning forces, large
magnetic fields can be trapped in the samples, and thus these materials become ferromagnets.

Two different melt processed 1:2:3 samples were prepared and studied. One sample was
prepared by a quench and melt growth process (QMG) and the second sample by a melt-powder-
melt-growth process (MPMG). In both processes the starting composition is adjusted so that the
1:2:3 phase (matrix) will contain some 2:1:1 inclusions that can act a pinning centers which are
dispersed in the 1:2:3 matrix during the melt processing procedures. In both cases the initial
powders are heated to 1400°C and quenched by copper hammer plates. For the QMG process
the sample is reheated to 1100°C, held for 20 min., cooled to 1000°C in one hour, and then
further cooled at a rate of 5°C/hr. A final anneal at 600°C for 1 hr. was carried out in an oxygen
atmosphere before slowly cooling in oxygen to room temperature. The MPMG samples were
powdered, mixed and pressed after the initial quench step. This material was then melted at
~1100°C and slow cooled at several different rates depending upon the temperature regime to
allow the 2:1:1 phase to precipitate out of solution.

The magnetic properties as one might expect were anisotropic with the best properties
shown when the magnetic field was parallel to the c-axis of the sample (H|ic). The best magnetic
properties were obtained on the MPMG sample which had a thickness of 1.5 mm. The
measurements were made at 5 K after field cooling in a field of 10 kOe (1 T) which trapped the
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