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Abstract — Large domain YBCO are fabricated by using a
melt processing technique for magnetic levitation applications.
A Ndi+xBa2.xCU]O7 seed is used to initiate grain growth and to
control the orientation of YBCO grains. Samples as large as 2
inch have been fabricated by utilizing this method.
Microstructural studies reveals two distinct regions in these
levitators due to different growth mechanism along a/b and c
axis. Some initial result on the mass production of these
levitators are also reported.

I. INTRODUCTION

The stable levitation or suspension of a magnet is a fascinating
property of a superconductor. A magnet can be levitated above or
suspended below a superconductor and vice versa. A large number
of applications are envisioned using this unique property. These
applications include rotary motion bearings, cryo-coolers, cryo-
flowmeters, energy storage devices, contact less transportation, and
vibration isolators [1].
For a given magnet and for superconductors with similar
dimensions, the levitatibn force depends on the critical current
density, Jc, and the length scale of the induced current loop, d in the
superconductor. The melt processing technique offers an attractive
way to fabricate YBa2di3Ox (YBCO) that can strongly levitate a
magnet [2]-[7]. In a typical melt processing method, YBCO is
heated above its peritectic point where it melts incongruently into
YjBaCuOs and a Ba- and Cu-rich liquid. The semi-solid melt is
cooled slowly to obtain aligned grains of YBCO or domains. In
order to achieve high levitation forces, large domain size which
determines the d , and high Jc is desirable. One way to increase the
domain size is by initiating grain growth by using a seed crystal. In
presence of a favorable temperature gradient the seed not only
ensures a single nucleation site but also permits controlled
orientation of the grains. Using the seeding technique along with a
controlled temperature gradient YBCO domains as large as that of
the sample size (single domain) can be fabricated.
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Fig. 1. Photograph of a large domain YBCO levitator with a diameter of 2
inch. The edge of the sample was coated with a thin layer of Yl^Oj in order to
minimize nucleation from the edges.

Seeding with a single crystal of MgO, AI2O3, SmBa2Cu3Ox and
Ndi+xBa2-xCu3Oy have been reported by various groups [2]-[7]. The
seed can be added to the coldest point of the sample prior to
heating or after an extra melting step. The addition of the seed
prior to heating is preferable as it reduces the difficulty of mass
production. The critical current density, Jc, is generally controlled
by introducing defects like Y2BaCuO5 inclusions and structural
defects like dislocations, stacking faults etc. during melt
processing.

In this paper, some of the our recent progress in fabricating
large domain levitators is reported. We also report the
development of microstructure and some of our initial results on
the feasibility of large scale manufacturing of these samples.

E. EXPERIMENTAL METHOD

Phase pure YBa2Cu3Ox and YzBaCuOs powders were prepared
by using a low pressure calcination method. Typically, in a low
pressure calcination process, the required oxides and carbonates are
mixed and ball milled in a proper molar ratio. The resulting
powders are then calcined in a low pressure furnace to produce the
desired phase. An oxygen atmosphere with pressure of 2-5 torr is
used during calcination. A partial vacuum is used to increase the
efficiency of removal of CO2. Once the reaction is completed, the
vacuum is discontinued and the powders are cooled in an oxygen
atmosphere at ambient pressure to fully oxygenate the
superconducting powders. The low pressure calcination method is



beneficial in reducing the carbon content and processing time while
maintaining small particle size [8].

The Nd|+xBa2.xCu3Oy single crystals which were used as seeds
are grown using standard flux growth method. The details have
been reported earlier [6].

YBa2Cu3Ox, YiBaCuO5 (-20-25 wt %) and PtO2 (0-0.5 wt %)
were mixed homogeneously by ball milling overnight (~ 8-10 hr.).
The mixed powder were then pressed in to a desired shape and
seeded with a Ndi+xBa2..xCu3Oy single crystal and melt-processed in
a temperature gradient as reported earlier [6]. hi brief, the samples
are heated to about 1050 °C and then slowly cooled through the
peritectic temperature to about 950 °C and then finally cooled to
the room temperature at a rate of 100 °C/hr.. The samples
(levitators) are then oxygenated between 450 -700 °C for about 8-
10 days in a flowing oxygen atmosphere.

Microstructural development was investigated by using a
scanning electron microscopy (SEM), with a energy dispersive x-
ray spectroscopy (EDS) and optical microscopy.

HI RESULTS AND DISCUSSIONS

Although, considerable progress in increasing the size of the
domain in melt-processed YBCO has been achieved through
seeding methods, the diameter of the domain is typically limited to
roughly about 1.5 inches. Only with sizable temperatures gradient
and/or compositional gradient larger samples can be produced.
This size limitation is believed to be in part due to the high
supercooling along the direction of growth, which often leads to
disorderly production of nuclei at the later stage of crystal growth
resulting in multi-domained YBCO and partly due to the lower
temperature at the edges of the sample where grain nucleation can
occur resulting in multiple impinging domains. The nucleation at
the edges of the sample can be minimized by coating the edges with
YO2O3. Because of the considerably low melting temperature of
YbBa2Cu3Ox ( ~ 920 °C), the edge nucleation can be reduced.
Figure 1 shows a photograph of a 2 inch diameter YBCO levitator
fabricated by coating the edges of the sample with YO2O3.

Due to the differences in the growth mechanism in the a/b axis
and the c-axis two distinct microstructures results in seeded YBCO
levitators. The nucleation of the YBa2Cu3Ox phase at the surface of
the Ndi+xBa2-xCii3Oy single crystal occurs after the slow cooling
process has started. The crystal begins growing epitaxially in form
of a thin, square platelet, with well developed (100), (010) and
(001) planes. The pedestal that develops below the seed is formed
by well defined growth steps. These steps are relatively high close
to the seed but much less pronounced at the edge of pellet. The
growth stops when the growth front reaches the reaction layer that
forms at the interface between the crucible and the sample (Fig. 2).
The reaction layer is usually 1-3 mm thick and consists of a large
amount of Y2BaCu05 embedded in Ba-Cu-O phases. Small grains
of YBa2Cu3Ox and some complex Y-Ba-Cu-Al-Pt-O phases are also
observed in these regions.

As mentioned earlier, two distinct regions due to the growth in
a/b axis and c axis are observed in these levitators. Just under the
seed the region grows mainly due to the growth along the c-axis. In
this region, generally a pyramid shaped volume (Fig. 3) develops
with low Y2BaCiaOs concentration (Fig 4) and a blocky sub-domain
structure (Fig. 5). The sub-domains are mostly square-like shape
with sizes up to 1 mm2. The c-axis misalignment between adjacent
sub-domains is usually well below five degree. The volume
fraction

Fig. 2. Vertical cross-section of a YBCO levitator. A thin reaction zone can be
seen at the bottom of the sample.

Fig. 3. Vertical cross section of a YBCO levitator under a polarized optical
microscope at a magnification of 50 X.

Fig. 4. Microstructure of the c-axis growth region showing the distribution of
Y2BaCuO5 inclusions.

of the Y2BaCuO5 phase in this area directly below the seed is
usually around 10 vol. % and increases with decreasing height.

Surrounding the inner region (the pyramid shaped region) the
solidification mostly occurs by ab plane growth. The transition
from the c-axis growth to the ab plane growth region is well
defined, as can be revealed by the abrupt change in Y2BaCu05
density. This region shows a high Y:BaCuOs concentration and a.
strip - sub-domain structure (Fig. 5). The strip like sub-domain
structure consists mostly of rectangular sub domains of very small
sizes ( < 0.1 mm2). The volume fraction of YjBaCuOj in this area



Fig. 5. Sub-domain structure of c-axis and a/b axis growth region as observed
by a polarized optical microscope at magnification of 200X.

Fig. 6. Microstructure of the a/b axis growth region showing the distribution of
j inclusions.

is usually close to the starting volume fraction with high volume
fractions near the edge of the sample (Fig. 6).

Large domain YBCO levitators with various shapes and
dimensions are now routinely fabricated. These levitators can be
machined to desired shapes without significantly detonating its
properties. In order to demonstrate, the feasibility of mass
production about 90 samples has been recently fabricated in one
furnace. These samples are hexagonal in shape and about 0.8 inch
wide from side to side and 0.45 inch thick. Only on two samples
the seed diffused during the melt during processing. Figure 7
shows the distribution of the zero-distance levitation force for these
samples. Although, levitation forces are sufficient for various
practical purposes, further optimization is necessary to obtain
results similar to that of smaller batch sizes.

IV CONCLUSION

Large domain YBCO levitators are produced by melt
processing techniques using a Ndi~xBa2.xCujOy seed to initiate the
grain growth. Two distinct regions resulting from the two different
growth mechanism are observed in the microstructure. Industrial
scale manufacturing of these levitators with levitation forces
sufficient for various practical purposes seems feasible.

Fig. 7. Distribution of the zero distance levitation forces in a single furnace run.
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