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Abstract- Bulk Y-Ba-Cu-O multi-domain superconductors have been fabricated with the
aim of potential superconducting torque transferring applications. Cold top-seeded melt
growth process has been employed for producing multi-domain bulk superconductors in
that artificial holes were mechanically introduced into the precursor added with PVA
liquid binder. Four-domain bulk Y-Ba-Cu-O superconductors with artificial holes could
be obtained at the maximum temperature of 1058°C when MgO-doped Nd123 seed
crystal was used.

I. INTRODUCTION

Weh aveb een developinga nove Im achines o-calledn on-contact
superconducting mix er by which rotational t orque can be transferred from a
driving motor to a rotating shaft in a closely packed vessel without any contact.
This nove 1 m achine m ainly r elies on the superconducting t orque ¢ oupling
mechanism for which a bulk superconductor plays a key role of levitation and
suspension in ¢ ombination w ith pe rmanent m agnet. In ope ration, a dr iving
motor attached w ith pe rmanent m agnets will suspend a bul k s uperconductor
apart from the ground, and the levitated bulk superconductors will also suspend
the p ermanent ma gnets f loating in a mix ing v essel. W e a pply mu ltiple
magnetic poles in both top and bottom permanent magnets facing the top and
bottom surfaces of a bulk superconductor. When we turn on the driving motor,
rotational torque can be transferred without mechanical contact. Therefore, we
need a bulk superconductor which offers strong coupling torque force enough
for p ractical a pplications. A s ingle-domain m elt-grown bulk s uperconductor
demonstrates high field trapping ability and thus a strong coupling torque force.
For e ngineering a pplications we need bul k superconductors of 60 m m in
diameter that is larger than the size of 20 -40mm commonly produced on a
laboratory scale. However, a single-domain bulk superconductor larger than 60
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mm in diameter is rather difficult to fabricate, and therefore large-sized bulk
superconductors are quite expensive in the commercial market. For practical
applications, the cost is always an important factor for the commercialization
of novel m achines, w hich s hould be bor nin mind w hen researchers and
engineers looked for technological innovation.

Weh ave b een involved i n de veloping the melt-process of bul k hi gh
temperature s uperconductors, so that bul k s uperconductors compromise their
quality and pe rformance with production time and c ost. We noticed that for
superconducting torque transferring applications, a large single-domain bulk is
not n ecessary since it f aces multiple-pole m agnet configurations, i n that a
single-domain traps multi-pole magnetic field [1]. We then started to fabricate
multi-domain bulk superconductors with the domain arrangement reflecting the
coupled permanent magnet configuration. Through the optimization of the melt
processing p arameters, we ¢ ould pr oduce f our-domain bul k'Y -Ba-Cu-O
superconductor 62mm in diameter that exhibited comparable performance with
a single domain bulk, the details of which can be found elsewhere [2].

For large bulk samples, full oxygenation is often difficult due to the fact that
oxygen diffuses along the a-b plane, and thereby it ta kes a long time for full
oxygenation of 1 arge-diameter s amples. Crackingi s of ten f ound i n1 arge
samples after oxygen annealing due to the thermal stress within the grain in
addition to the mechanical cracks caused by the handling process [ 3-5]. The
green co mpact of a bu lk s uperconductor is v ery b rittle since it is simply
compressed pack of raw powders. We have found that the addition of liquid
PVA binder to the precursor is effective in improving the strength of the green
compact. In addition we could mechanically introduce several hol es into the
green compact without cracking. Introducing holes into a bulk superconductor
is known to reduce the amount o f cracking [6, 7]. The P VA binder addition
however may affect the optimal growth conditions of bulk superconductors, so
that w e need t o optimize t he melt p rocessing p arameters for bi nder-added
superconductors. Wet hen studied t he melt p rocessing p arameters fort he
fabrication of large bulk Y-Ba-Cu-O samples added with CeO, and PVA liquid
binder with introducing several artificial holes.

1. EXPERIMENTAL

The opt imum m elt pr ocessing ¢ onditions i ncluding t he growth wi ndow
temperature f or Y -Ba-Cu-O 20 - 40 mmin d iameter w ere systematically
studied by Hinai et.al. [ 8]. Since w e ar e fabricating 1 arger bul k Y -Ba-Cu-O
superconductors added with PVA liquid binder, the melt processing parameters
should be re-scheduled to optimize the growth mode. In this study, the mixture
powders w as pr epared from hom emade Y 123 and Y211 powderin a molar
ratio of 10: 4 added with CeO, powder of 1wt%. After mixing raw pow ders
for two hours, we added P VA aqueous solution of 1 wt% and mixed using a
mortar and pestle for another two hours. The well-mixed powders were pressed
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into the pellets 75 mm in diameter and 15 mm in thickness by uniaxial pressing
at 5 0 M Pa. Then the hol es of 1 m m diameter were d rilled i nto t he green
compact in prior to melt processing. For the de-bindering process, the samples
were subjected to the heat treatment in a box furnace at 600°C for 24 h ours
with a rather s low h eating rate o f 1 0°C/hr. Then t he s amples were slowly
cooled to r oom te mperature atth e rate o f1 0°C/hr. A fter finishing the de-
bindering process, t he s amples were moved from t he f urnace a nd vi sually
checked to s ee the presence o f any m ajor cracks. The d e-bindered s amples
were then p laced on an A 1,05 plate with Y ;03 and B aCuO; powder buf fer
layers. Four seeds of Nd123 were positioned on the top surface of the precursor
before subjecting to the melt process. The melt processing conditions that we
designed in this study were h eating at a rate of 100 °C/hr to the maximum
temperature o f 1050-1060°C and kept f or t hree hours; rapidly ¢ ooled t o
1015°C in 30 m inute and ke pt at this stage for one hour; followed by slow
cooling at a rate of 0.25°C/hr to 960°C; and cooling down to room temperature
a rate of 100 °C/hr. The as grown bul k samples were s ubjected to oxygen
annealing tr eatment in flowing ox ygen at 400 °C for 160 hour s. The surface
morphologies of finished bul ks amples were o bserved witha n o ptical
microscope to s tudy t he g rowth m ode and t he pr esence of any appreciable
defects like cracking.

I11. RESULTS

Figure 1 shows the optical micrograph of bulk Y-Ba-Cu-O sample fabricated at
the maximum temperature of 1050°C with generic Nd123 seeds.

Fig.1 Bulk Y-Ba-Cu-O sample melt-processed at the maximum temperature of 1050°C using
Nd123 seeds, exhibiting polycrystalline structure.

The sample exhibited polycrystalline structure, and its surface morphology
suggested thatth e ma ximum te mperature w as | ower t han t he opt imum
according to the study reported by Hinai et. al [8]. We then slightly shifted the
maximum temperature from 1050°C to 1055°C and performed melt processing
again. Figure 2 shows the sample morphology melt-processed at the maximum
temperature of 1055°C.
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Fig.2 Bulk Y-Ba-Cu-O sample melt-processed at the maximum temperature of 1055°C using
Nd123 seeds. Grains grew larger but the Nd123 seeds were dissolved.

The s ample m orphology of th is s ample revealed t hat m elt p rocessing
parameters were not optimal yet. One can see that Nd123 seeds were dissolved
at this temperature and thereby the grain growth could not be established in a
good orientation. Moreover, the nucleation of small grains was also observed
in the locations without seeds crystals, implying incomplete decomposition of
the precursor.

To pr omote ¢ omplete decomposition, i ti s ne cessaryt o increaset he
maximum temperature. However, Nd123 seeds were dissolved even at 1055°C.
Wet henem ployed MgO-doped Nd123 seeds whose decomposition
temperature is higher than pristine Nd123 by about 10-15°C [9, 10] and raised
the maximum temperature to 1058°C.

Figure 3 d emonstrates the surface m orphology of bul kY -Ba-Cu-O
fabricated at the ma ximum te mperature o f 1058°C with M gO-doped Nd123
seeds. The surface morphology reveals four domains fully established in the
entire bulk.

Fig.3 Bulk Y-Ba-Cu-O sample melt-processed with the maximum temperature of 1058°C
using MgO-doped Nd123 seed crystals. One can see that four domains were fully grown in the
entire bulk.
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IV. SUMMARY

We have studied the optimal melt processing parameters for the fabrication of
four-domain bulk Y -Ba-Cu-O s amples that can be used for superconducting
torque t ransferring m echanism. W e ha ve found that optimal ma ximum
temperature in the c old-seeded m elt-growth process was higher than 105 5°C
for relatively large green compact 75mm in diameter. Hence we used MgO-
doped Nd123 seed crystals whose decomposition temperature was higher than
that of Nd123 by about 10-15°C. We have then succeeded in fabricating four-
domain Y-Ba-Cu-O bulk sample 62 mm in diameter added with 1wt% CeO,
and 1wt% PVA liquid binder for which several holes could be introduced prior
to the melt process without any damage.
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