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ABSTRACT 
I he high temperature superconductor 

Ha2Cu30x (YBCO) is a very promlsmg 
1) llIlerial for superconducting magnetic bearings 
till\.: to its good magnetic properties. Large 

lI11ples with diameters of up to 32 mm and 
II mm thickness were prepared by a modified 

IIIc1 t process. Starting from mixtures of YBCO 
I 3 and 211 phase cylinders were cold 
I .()statically pressed and then sintered followed 
by a partial melt process at 1050 - 1100°C. 
I )uring the slow cool down from the 
p -ri tecticum with a cooling rate of 1 - 2°/h 
Ilrge crystals grow with sizes of up to 10 mm. 

dditions ofPt02 and 211 to the 123 powder 
led to higher repulsion forces from a magnet. 
rhe influence of the magnetic field distribution 

1\1' magnets with varying shapes was studied. 
rhe temperature dependence was investigated 
ill the range of 18 - 80 K. An operation 
I 'mperature of 30 K increased the repulsion 
forces by a factor of 3 in comparison to 77 K. 
'''or the first time the levitation properties of 
lIlelt cast processed Bi2Sr2Ca 1 CU20x were 
I:ompared with YBCO showing similar 
properties of both materials at low 
I ·mperatures. 

INTRODUCTION 
'rhe effect of autostability and the very low 
Iriction make magnetic bearings based on high 

temperature supeconductors (HTSC) very 
interesting for technical applications [1-8 ]. Up 
to now the low magnetic properties of the 
material in the desired shapes limit the use of 
this kind of bearing. Therefore the overall 
quality of large bulk parts of HTSC material 
has to be optimized. Melt processed YBCO 
exhibits very large magnetization values and 
strong repulsion forces from a magnet [9-12]. 
In this study the influence of different additives 
(YBCO 211, Pt02) on the microstructure and 
on the levitation properties of melt processed 
YBCO was investigated. The amount of 
YBCO 211 influences the crystallisation of the 
superconducting 123 phase at the peritecticum 
and Pt02 is known to reduce the size of the 
211 precipitates in the 123 matrix [13]. 
Reducing the operation temperature from 77 K 
(boiling nitrogen) to 20 K using a closed cycle 
refrigerator leads to a further improvement of 
the levitation properties. For the first time the 
repulsion forces of melt cast processed (MCP) 
Bi2Sr2Ca 1 CU20x was investigated and 
compared with YBCO. This material can easily 
be prepared in large bulk shapes but due to low 
pinning effect, operation at lower temperatures 
is necessary [14-16]. 

SAMPLE PREPARATION 
The investigated YBCO samples consisted of 
cylinders with dimensions of 20 - 32 mm 
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diameter and 15 - 20 mm height. They were 
prepared starting from a powder mixture of 
YBCO 123 and YBCO 211 reacted by a solid 
state route. The grain sizes were in the range of 
dso = 5 - 10 ~m (123) and 0.7 - 1.5 ~m (211). 
Different mixtures with 0, 17, 26 and 35 wt.% 
211 and with 15 % Ag20 were intensively 
mixed for several hours to obtain a good 
homogenity[12,17,18]. The Ag20 addition 
increases the density of the samples and thus 
the mechanical properties[12]. Pt is known to 
influence the size of the 211 precipitations 
during the crystallisation after the melt 
process[13]. To investigate its effect on the 
levitation properties a series of samples with 0, 
0.6, 1, 1.5, 2 wt.% Pt02 was prepared with 
17 % 211. The cylinders were made by cold 
isostatic pressing at 2300 bar followed by 
sintering at 920°C in air in order to reach a 
density of 92 %. In a second heat treatment the 
temperature was raised to 1050 - 1100 °C for a 
partial melting process. This was followed by 
fast cooling to 1020 - 990°C to prevent 
growing of 211 precipitates and slow cooling 
at a rate of 1 ° Ih. Further details of the 
preparation are described in previous papers. 
Seeding or cooling in a temperature gradient to 
obtain larger grains was not used in this study. 
Finally the samples were oxygenated in the 
temperature range of 630 - 400°C for 40 -
100 h. Even though the melting temperature of 
123 was passed all samples kept their shape 
due to the formation of the solid 211 phase. 
After the melt process the density of the 
cylinders was in the range of 95 - 97 % of the 
theoretical density. 

For comparison the levitation forces of a 
40 mm 0 and 20 mm high melt cast processed 
(MCP) cylinder of Bi2Sr2Ca 1 CU20x (BSCCO 
2212) were investigated too. With this 
preparation method large and arbitrarilly 
shaped bulk parts can be easily prepared[14-
16]. 

EXPERIMENTAL SETUP 
Two automated measurement systems \ t I , 

assembled to test the levitation forces bel WI' I 

the samples and different permanent ma'~ 11I I 

(NdFeB, CoSm). For comparing the rl:: 1111 
one had to take into account that the absollll 
values of the forces depend not only 011 I hi 
electromagnetic characteristic, the size lI ul 
shape of the samples but also on the maglll'l 
field distribution of the different magnets. SIII I , 

we always used the same experimental sellil 
comparison of the overall quality of I Ii 
different samples is possible. In system ;\ I Ii 
YBCO-cylinders were mounted in a small I 
dewar and were mechanically moved slm I 
(13.3 mm/min) towards the magnel 11111 

removed. The repulsion or attraction lUI ( i 

were measured by a balance and recordecll lY 
computer. For thermal isolation reasons I h 
nearest distance between magnet and sampll 
was 3 mm. With this setup a fast measurel1l ' III 
at 77 K can be obtained, easily varying 11 11 

shape of the samples and magnets [12]. Thl I 

different magnets were used, a disk shap, d 
NdFeB magnet (20 mm diameter, 5 mm hi I 
B (3 mm) = 1600 G), a rod shaped Nell ; I I 

magnet (15 mm diameter, 18 mm long, B ( t 
mm) = 3200 G) and cylindrical CoSm magll' 
(25 mm diameter, 10 mm high, B (3 mill) 
2900 G). 

In system B the levitation force in dependell t 
of the operation temperature was measlIlI'd 
between 18K and Tc. For this purpose III 
superconducting sample was mounted on 11 11 
cold finger of a two staged Gifford-McMall( I 

Cryocooler (CTI). To improve the then1l1tl 
conditions a copper shield was fixed on I III 
second cooling stage in the isolating vaClI Ul1i 
A quartz glass window was placed in 1111 

vacuum vessel just above the sample 1(1 

minimize its influence on the flux distribution 
By mounting Si-diodes on top and bottom ( I 
the samples temperature gradients within I III 

cylinders were determined. Only differences (II 

less than 2 K were observed in the who/! 
temperature range. Magnets of different shap ' 
were fixed on a strain gauge and moved by I 
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lli puter controlled stepper motor in vertical 
Iii (' 'lion with a precition of 0.05 mm. For this 
V I t:1l1 the minimum distance between magnet 
Iud sample was 4.5 mm due to the isolation 

I ~ llum, copper shield, glass window). 

II< : ROSTRUCTURE 
IlIli lar to the results of other melt processes 

t II YBCO, the samples exhibit large grains of 
I 1 I with up to 10 mm diameter including small 
1'1' 'ipitates of 211 phase[11,12]. By adding 
PI () to the mixture the size of the 211 
IIchlsions was reduced to 0.5 - 2 !lm and 
IIlHJltaneously a more homogeneous 

dl' lribution was achieved. During the reaction 
t I I -I- Liquid ~ 123 at the peritecticum the 
il lilicially added 211 powder grains are 

1I II ', hlded, so there is no correlation between the 
I III ing 211 powder size and the final 211 

Hll'lt lSion in the melt processed samples. 

UI':S ULTS AND DISCUSSION 
I h' levitation forces depend on one hand on 
III . value of the magnetic field and its gradient 
Illd on the other hand also on the intragrain 
) lllical current density and on the grain size. 
1-1 ,I' optimasing the microscopic properties a set 
II i' samples with different amounts of 211 
Iddition ranging from 0 - 25 wt% was pre
pi li cd. The amount of 211 influences the 
I I ystallisation properties at the peritecticum 
Illd therefore the size of the obtained grains. 
Ioig. I shows the increase ofthe levitation force 
I ()l an increasing amount of 211 addition to the 
Iluwder mixture with 15 % Ag20 and 0.6 % 
, 1°2. Larger amounts of 211 led to larger 
I ai ns and a small increase in the intragrain 
Iii ical current densities. Samples without 211 

IIddi tions showed grains with sizes less than 
I 111m 0. 211 additions of more than 25 % did 
Il\ ll result in larger levitation forces. 

"I,C influence of Pt on the size of the 211 
prccipitates is known from the literature. This 
Hldition effects a reduction of the inclusion 
lizes leading to a higher critical current density 
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FIGURE 1: Influence of the YBCO 211 
addition on the repulsion force of 22 mm 0 
YBCO samples from the disk shaped magnet 

or to an improved field dependence of the 
critical current density by improving the 
pinning effects. In this study we used Pt02 as 
addition instead of metallic Pt since it has 
smaller grain sizes and is more easily 
dispersible during mixing. In Fig. 2 the 
variation of the measured levitation forces for 
mixtures with 26 % 211 and 15 % Ag20 is 
shown. The data are for 20 mm 0 samples at 
3 mm distance for the disk like NdFeB magnet. 
The repulsion force increased from 1430 mN 
o % Pt02 to 2050 mN with 1 wt% Pt02. A 
further increase of the Pt02 amount reduced 
the levitation forces. 
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FIGURE 2: Effect of the Pt02 addition on the 
repulsion force at 3 mm distance from the disk 
shaped magnet 
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As expected the levitation forces depend on the 
maximum field of the magnets at the nearest 
distance between magnet and sample. Fig. 3 
shows the dependence of the repulsion force 
from the distance for a 20 mm 0, 15 mm 
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FIGURE 3: Levitation force versus the 
distance for three different magnets. Details are 
given in the text 

high and 28 g sample with 26 % 211, 15 % 
Ag20 and 0.6 % Pt02. The dotted line is for 
the disk shaped magnet, the dashed line for the 
cylindrical CoSm magnet and the solid line for 
the rod shaped NdFeB magnet. A maximum 
value of 4200 mN was obtained at 3 mm 
distance. This corresponds to a repulsion 
pressure of 134 N/mm2. This value is limited by 
the minimum distance between magnet and 
sample in our experimental set up. Next to the 
absolute value of the magnetic field also the 
flux distribution strongly influences the 
repulsion properties. As can be seen from the 
logarithmic diagram of Fig. 4 the resulting 
forces do not scale with the maximum field at 
intermediate distances. Even for similar 
maximum values of 4200 mN (NdFeB rod) or 
3900 mN (CoSm cylinder) the levitation forces 
in the range of 5 - 30 mm were relatively larger 
for the N dF eB magnet. This is a result of the 
narrower but longer field distribution of the 
rod like magnet. So for obtaining large 
repulsion forces in a magnetic bearing the 
shape of the samples and flux distribution of 
the magnets have to be optimised. 
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FIGURE 4: Logarithmic diagram of Ilu 
levitation forces for different magnets showin, 
the effect of the field distribution on the shUll 
of forces vs. distance 

The high temperature superconductor mat 'I i II 
BSCCO 2212 has a similar Tc to YBCO bill 

the electric properties at 77 K in a magn 'III 
field are reduced due to the low pinnilll 
effects. Using lower operation temperatures \ 
large improvement of the critical curl' 'III 

densities jc in magnetic fields was observ'd 
While at 77K jc is depressed to 1 Alcm2 II 

2000 G from 1000 Alcm2 without field, at 20 
only a small field dependence of jc can hi 
observed. Therefore jc > 104 Alcm2 at 2000 ; 
can be obtained in MCP-BSCCO 2212 at th i· 
temperature. A comparison of the levitatioll 
forces of22 mm 0, 10 mm high melt process 'd 
cylinders of YBCO and BSCCO from the disk 
shaped magnet is given in Fig. 5. For small 
distances i.e. high magnetic fields the repulsioll 
forces of BSCCO exceeds those of the YBCO 
sample. 

A comparison of the levitation forces from 20 • 
80 K of both materials at 4.5 mm and 9.5 mnl 
is given in Fig.6. For the BSCCO sample tIl(' 

operation temperature had to be lower thall 
65 K to observe a repulsion effect. Lowerin 
the temperature leds to a fast increase of the 
force especially at higher fields. This is the 
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I 1111 of the nearly constant critical current 
"1I'li lies for increasing field at temperatures 
I I han 40 K For large levitation distances 
III rcpulsion force of YBCO from a given 
/I I! ,lIct is larger in the whole temperature 

IIIHC. For 4.5 mm distance a crossover in the 
I II t: ·s was observed at 50 K 
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I' IGURE 5: Comparison of the levitation 
1111 ces as a function of the distance at 20 K for 
I YI3CO and a BSCCO cylinder 
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FIGURE 6: Temperature dependence of the 
I 'vitation forces for a YBCO and a BSCCO 
':ample at 4.5 mm and 9.5 mm distance 

SUMMARY 
The levitation and magnetic properties of melt 
processed YBCO and melt cast process 
BSCCO 2212 cylinders were investigated. 
I ,arge YBCO samples with diameters of up to 

32 mm and 20 mm thickness were prepared by 
a modified melt process. The addition of 25 % 
211 phase improved the crystallisation of large 
grains and thus increased the repulsion forces 
by a factor of 7. The addition of Pt02 to the 
powder mixture also increased the levitation 
further. The influence of the magnetic field 
distribution of magnets with varying shapes 
was studied. Also the temperature dependence 
of the levitation forces was investigated and 
compared with the properties of melt cast 
processed BSCCO 2212. Due to the low 
pinning effects BSCCO can only be used at 
temperatures below 60 K The operation at 
30 K increased the repulsion forces by a factor 
of 3 in comparison to 77 K for YBCO. The 
strong temperature dependence of the magnetic 
properties of BSCCO resulted in similar 
levitation forces for both materials at 20 K 
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