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Abstract 

Melt processing of YBa2Cu30x (Y123) is a well established 

technique to produce materials for levitation applications. We report our new 

results on the melt-processing of Y123. To achieve materials with high 

levitation forces we utilize a seeding technique using Ndi + x Ba2-xCu30 y -

seeds (Ndl23). Two different kinds of Ndl23-seeds, one plate-shaped and 

the other cube-shaped, were developed and used for this study. The 

microstructures of the levitators depended strongly on the type of the 

seeding material used and on the seeding geometry. We were able to 

produce large single domains as well as materials containing five domains 

with three different c-axis orientations. Levitation forces up to 8.2 N for 

samples with a diameter of about 18 mm were found for the multi-domain 

samples, which is well within the area of the levitation forces measured for 

the single domain materials. 
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Introduction 

Magnetic levitation is one of the most promising areas for the 

commercial application of bulk YBa2Cu307_x (Y123) materials. (1-4) The 

most important property for levitation devices, such as magnetic bearings 

and flywheels for energy storage, is the levitation force per unit area. High 

levitation forces can be achieved by optimizing the following three factors: 

pinning strength, orientation of the domain sturcture with respect to the 

levitated device and the size of the area without weak links, i.e. the size of 

the current loop. The strength of the flux-line pinning determines the 

possible critical current density in the material. Good pinning can be 

achieved by introducing microstructural defects, such as point defects, 

dislocations, stacking faults, fine precipitates, twins and low angle grain 

boundaries into the material. The orientation of the domain structure with 

respect to the upper surface of the pellet and the size of the current loop 

itself can be controlled by seeding and solidification in a temperature 

gradient, thereby minimizing weak links such as cracks and weakly coupled 

grain boundaries. 

Several methods have been developed in recent years to improve the 

flux pinning behavior of Y123 (5-10). The most common methods utilize 

platinum additions to refine the Y2BaCu05 (211) inclusions and thereby 

increase the flux-pinning strength. Other methods, like the SLMG (Solid-

Liquid Melt Growth) process achieve small 211 inclusions by special heat 

treatments and/or precursor materials. 

The production of large single domains by seeding with 

SmBa2Cu307-x (Sml23) has also been reported earlier. Alternatively 



materials like MgO, SrTi03 or AI2O3 have been used for seeding purposes. 

(11-15) 

In this paper we report recent work on the directional resolidification 

of Y123 bulk materials from the partial melt by Ndl+xBa2-xCu30y 

(Ndl23) seeding. Plate-shaped and cube-shaped seeds of Ndi+ xBa2-

xCu30y, the highest melting rare-earth 123 phase, were used to seed Y123-

pellets of up to 23 mm in diameter. The impact of the two different seeding 

materials on the microstructure of the levitator and on its magnetic 

properties will be discussed. 

Processing and microstructure of the Ndi+xBa2-xCu30y seeds 

All Ndl23 crystals that were used in this study were produced by flux 

growth methods. Barium- and copper rich mixtures of Nd203, BaC03 and 

CuO were heated in Al203-crucibles above the peritectic point of Ndl23 

and than slowly cooled to solidify single crystals from the melt. The 

production processes for the two kinds of seeds differed mainly with respect 

to the maximum heating temperature and the initial phase composition. After 

solidification of the seeds the content of the crucibles was quenched onto a 

copper block at about 1000 °C. The crystals were cleaned from residual flux 

and used for seeding without further treatment. 

Optical microscopy of the plate-shaped seeds, Fig. 1, shows the 

typical flat appearance of flux-grown ReBa2Cu30x-crystals for these 

seeding crystals. A cross-section of one of these seeds, Fig. 2, reveals a 

homogenous but porous structure with some residual contamination from the 

Ba-Cu-O-flux in the pores of the surface region. The cube-shaped crystals on 



the other hand differ significantly in their outer appearance form the plate-

shaped crystals, Fig. 3. Cross-sections of these crystals revealed a unique 

structure when investigated in the optical microscope under polarized light, 

Fig. 4. Every crystal shows five regions of different contrast, Fig. 4a. Those 

parts that form the outer crystal reveal a highly symmetric structure at the 

corners of the crystals, Fig. 4b. A comparable structure could not be detected 

in the plate-shaped crystalls. 

X-ray diffraction of cleaned, oxygenated (48h, 450 °C, floating 02) 

and crushed crystals of both materials showed a good conformity of the 

crystallographic structure of both seeding materials with the structure of 

Y123 powder, Fig. 5. 

Energy dispersive x-ray analysis showed an average cation 

composition of Nd:Ba:Cu of 1.25:1.85:2.4 with about 6 % Al-contamination 

from crucible reactions for the plate-shaped seeding crystals. A composition 

of Nd:Ba:Cu of 1.35:1.75:2.8 with about 2 % Al-contamination for the 

center of the cube-shaped crystals was found, while the shell showed a 

composition of Nd:Ba:Cu of 1.3:1.7:2.5 with about 6 % Al-contamination. 

These compositional differences, especially those in Al-contamination, can 

be explained by differences in the initial phase composition and the 

processing during the heat treatment. During the growth of the plate-shape 

crystalls a relativ large contact area between the crucible wall and the 

content of the crucible existed. For the growth of the cubic crystalls the 

contact of the partially molten mass with the wall of the crucible was 

minimized, leading to a smaller amount of contamination of the inner part of 

the crystalls. The reason for the stronger contamination of the shell of the 

crystall seems to be the prolonged processing at elavated temperatures, 



leading to increased Al solution and diffusion through the content of the 

crucible. 

Processing and microstructure of the YBa2Cu307-x-Ievitators 

The processing of the levitators has been described elsewhere (16). 

In short, powders of YBa2Cu307- x, Y2BaCu05 and Pt02 where ball-

milled in isopropanol, dried, pressed, seeded and heated into a temperature 

range where the pellet forms a highly viscous melt while the more stable 

seed remains solid. On slow cooling below the formation point of Y123 the 

melt starts to solidify at the seeding material, leading to the growth of large, 

oriented domains of YBa2Cu30 x along the temperature gradient. 

Three different seeding geometries were used in this study. The plate-

shaped single crystals were applied directly to the surface at the center of the 

pellet, Fig.6, The cube-shaped seeds though, were either applied to the 

center of the pellet, like the plate-shaped seeds, Fig. 7, or close to the edge 

of the pellet, Fig. 8, or on top of a small cylinder in the center of the pellet, 

Fig. 9. By placing the seed on top of the cylinder it was made sure that only 

the center face of the seeding crystal had contact to the pellet, while the 

edges of the crystal did not make any contact. 

Two different microstructures resulted, when the levitators were 

seeded with the different seeding crystalls in the center of the pellet. 

Seeding with the plate-shaped crystalls, Fig. 6, resulted in a single 

domain pellet, with slightly different structures depending on the growth 

direction of the domain in the area studied. For those areas growing along 

the c-axis, i.e. growing down from the crystal, a square domain structure can 



be found, Fig. 10, while those areas where the growth occurred along the 

a/b-ax'is showed a strip domain structure, Fig. 11. According to Morita et al. 

(17) a difference in crystallinity, i.e. the developement of small 

imperfections during the crystall growth, are the reason for the different 

appearance of these areas. 

Seeding with the cube-shaped crystalls resulted in a completely 

different microstructure, Fig. 7. Optical microscopy and x-ray analysis 

showed that, starting from different parts of the seed, five domains with 

three different c-axis orientations grew. Macroscopically it appears as if the 

domains are connected by 90° [010] tilt boundaries, but optical microscopy 

suggests that the grain boundary plain varies, Fig. 12. It should be noted that 

all domain boundaries studied were clean, sharp and free of other secondary 

phases than 211-precipitates, Fig 13. The 211 precipitates were 

homogeneously distributed over the adjacent domains as well as over the 

boundary region. 

To investigate the influence of the inhomogenous temperature 

distribution in the furnace on the seeding process we placed a seed on the 

rim of the pellet, Fig. 8. We found the same growth pattern as for the 

material seeded in the middle of the pellet, except that the relative size of 

each domain was changed. In another experiment we placed the seed on top 

of a small cylinder, so that only the center part of the seed had contact to the 

pellet, Fig. 9. With this seeding geometry we found the same microstructure 

as in those pellets seeded with the plate-shaped seeds. We therefore 

concluded, that the structure of the seeding crystals was responsible for the 

microstructure of the five domain pellets, while the temperature distribution 

in the furnace had little impact. 



To investigate the influence of the five domain structure on the 

magnetical properties of the levitators, we utilized levitation force 

measurements. These measurement have been described in detail elsewhere. 

(18, 19) Briefly, a cylindrical permanent magnet (diam. -12.7 mm) was 

attached to the end of a cantilever beam and suspended over a zero-field-

cooled superconducting pellet with the magnetic axis of the magnet parallel 

to the axis of the pellet. The support end of the beam was connected to 

micrometer stages that could be adjusted horizontally and vertically. The 

pellet was then moved toward the magnet, and the subsequent beam 

deflections were monitored with an optical tracking camera. Levitation 

force measurements on both types of pellets, Fig. 14, showed that the 

maximum levitation forces of both kinds of pellets were nearly identical. 

This result indicated that the high angle grain boundaries in the five domain 

levitators did not have a significant influence on the levitation behavior. 

Conclusions 

Y123 levitators have been produced by Ndl23 seeded melt-processing 

techniques with two different types of Ndl23 seeds. Depending on the 

seeding geometry and the seeding material either single domains or five 

domain levitators have been produced. In the five domain material the 

domains are oriented perpendicular to each other. The levitation forces of 

both kinds of levitators are of comparable strength. The five domain material 

has been found to be easily producable. Large numbers of these pellets can 

be produced in a single batch in standard furnaces. This allows a very 

economical production of this kind of levitators. 
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Figure captions 

Fig. 1: Plate-shaped seeding crystals. These seeds show the typical flat 

appearance of flux-grown Rel23 crystals. The crystals are often intergrown 

(arrows) and must be selected carefully before being used as seeds. 

Fig. 2: Cross section of a plate-shaped seed. The seed shows some porosity 

in which, at the surface, some residual flux (arrow) is entrapped. 

Fig. 3a: SEM micrograph of cube-shaped seeds. The seeds have a nearly 

cubic shape and can be used for seeding without further treatment but 

cleaning from the flux. A large amount of seeds can be collected from each 

batch. Due to their size, shape and the way they grow only little care must be 

taken to avoid intergrown crystals as seeds. 

Fig. 3b: Surface pattern of a cube-shaped seeding crystal. The growth steps . 

on the surface can be seen clearly. 

Fig. 4: Polarized light micrographs of cross sections of some cube-shaped 

seeding crystals. A cross section cut parallel to one of the surfaces can be 

seen in Fig. 4a, while Fig. 4b shows a corner of a larger crystal. It can be 

seen clearly that the crystals consist of five areas with different contrast that 

form highly symmetrical structures at the corners. 

Fig. 5: X-ray diffraction pattern of powders of plate-shaped and the cube-

shaped seeding crystals. A pattern of Y123 powder is shown for comparison. 



It can be seen that both Ndl23 materials have very similar crystalographic 

structures and that they also correlate well with the structure of Y123. 

Fig. 6: Schematic of the seeding geometry and the resulting microstructure 

when seeding with the plate-shaped crystals. 

Fig. 7: Schematic of the first of the three seeding geometries used with the 

cube-shaped seeds. The resulting microstructure of the levitator consisted of 

five domains with three different c-axis orientations. 

Fig. 8: Second seeding geometry used with the cube-shaped seeds. This 

geometry resulted principally in the same structure as the first, but a change 

in the relative size of the domains occurred. 

Fig. 9: Schematic of the last seeding geometry used with the cube-shaped 

crystals. Contact of the edges of the seeding crystal to the pellet were 

avoided by placing the seed on a small cylinder. The resulting microstructure 

was comparable to the structure obtained by seeding with the plate-shaped 

seeding crystals. 

Fig. 10: Microstructure of an area directly below the seeding crystal. This 

square domain structure was found for all seeding geometries in those areas 

that grew along the c-axis. 

Fig. 11: Microstructure of an area close to the rim of a pellet seeded 

according to the schematics in Fig. 6 or Fig. 9. This strip domain structure 

was found when the growth direction was in the a/b-plane. 



Fig. 12: Triple point between three domains with c-axis orientations 

perpendicular to each other (as indicated by arrows). 

Fig. 13: Boundary between two domains. C-axis as indicated by arrows. No 

secondary phases could be detected at the boundaries. 

Fig. 14: Levitation force vs. distance measurements for a single domain and 

a five domain pellet. No significant difference in the levitation behavior can 

be observed. 
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