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Abstract- - Crystallization temperature in 
Y B a 2 C u 3 0 x  (123) during peritectic reaction has 
been studied by differential thermal analysis 
(DTA) and optical microscopy. It has been found 
that YBa2Cu30x experiences partial melting near 
10IO°C during heating while crystallization takes 
place at a much lower temperature range upon 
cooling indicating a delayed nucleation process. 
A series experiments have been conducted to 
search for the initial crystallization temperature 
in the Y2BaCuOx + liquid phase field. We have 
found that the slow-cool period (l"C/h) for the 
123 grain texturing can start at as low as 960°C. 
This novel processing has resulted in high- 
quality, large-domain, strongly pinned 123 
magnetic levitators. 

I. INTRODUCTION 

There have been extensive research effort 
focused on high-Tc materials development for 
flywheel-type energy storage application [ 1,2]. In 
magnetic levitation, it generally requires the materials 
have a single domain within which an induced 
supercurrent can sustain a strong magnetic field 
along c axis. The levitation force, F, is proportional 
to the trapped magnetic field. The trapped field, B - 
dJc, where d is the current loop size (if single 
domain, d is the sample size), and Jc is the critical 
current density of the material. Thus, we need both 
d and JC to be as high as possible for a strong 
levitation force. To enlarge d, simply..making large 
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samples can not produce high levitation force since 
multi-domain structure will break the current loops 
and the effective d is actually very small (d - domain 
size). In a seeding method, domain size as large as d - 50 mm has been successfully achieved [l]. 
However, the seeding method is time consuming due 
to an extremely slow-cooling (1-3Ch) period in a 
wide temperature range (from 1070°C - 930°C). 
Further more, the crystallization and growth 
mechanisms during partial melting have not been 
well identified. In this paper, we report experimental 
results of crystallization and growth study in melt- 
processing large-domain 123. We show that, in 
contrast to the classical peritectic reaction where 
nucleation takes place on the surface of the primary 
phase, direct precipitation of YBa2Cu30x (123) 
from the liquid results in a delayed crystallization at a 
much lower temperature range. As a result, the 
slow-cool period can be narrowed down in a much 
smaller temperature interval, which implies great 
advantage in the manufacturing process of 123 
levitators. 

II. RESULTS AND DISCUSSION 

The processing method for making single- 
domain 123 has been reported previously [ 1,2]. The 
123 powder was obtained by a vacuum calcination 
method [3]. Each 20 g of powder was pressed with 
a die of 20 m diameter. NdBa2Cu30x single 
crystals were used as seeds for growing large single 
domains. With a natural temperature gradient in a 
vertical tube furnace, the samples were positioned in 
a A1203 crucible [l]. In the traditional way of 
processing, the temperature is usually brought to the 
highest level at a ratg of 100"Ch. When a large 
amount of liquid is induced, a slow-cool period is 
applied with a rate of loch for the epitaxial growth 
of 123 along the orientation of the seed. The slow- 
cool period covers a wide temperature range, which 
is extremely time consuming, To find out at what 
temperature level the 123 phase begins to precipitate, 
i.e., the recrystallization takes place, we conducted 
DTA experiments on two 123 powders. Figure l a  



shows the DTA data of these powders upon heating. 
Agreeing with the previously reported results [4,5], 
partial melting takes place near 1010°C upon heating. 
However, as shown in Figure lb, during cooling, 
the thermal behaviors differ significantly from those 
observed upon heating. Both powder A and B 
exhibit rapid thermal changes around 910°C. It is 
believed that these abrupt thermal variations are 
associated with the recrystallization processes during 
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Fig. 1. DTA data of various 123 powders. 

cooling. To further investigate the crystallization 
mechanism, the following experiments were 
conducted. The samples were brought to the highest 
temperature of 1060°C for the compete 

I- 

decomposition of 123 and induction of liquid. 
Assuming crystallization begins at temperature T*, 
the sample was rapidly cooled from 1060°C to T* at 
a rate of 1O"C/h to initialize the crystallization. The 
sample was then slow-cooled at a rate of 1 "C/h from 
T* to 930°C for the domain growth process. Below 
93OoC, the temperature was decreased rather quickly 
to room temperature assuming the growth process 
was completed near 930°C. 

We have chosen several T* values, and here 
only shown three representative ones: 1055°C 
(sample h), 98OOC (sample m) and 960°C (sample 1). 
The processed samples with these heating schedules 
were examined by optical microscopy and 
magnetization measurements. It should be noted that 
all these samples were made of powder A whose 
DTA curve is shown in Figure 1. Figure 2 shows 
the optical micrographs of these samples. We have 
found that there are essentially no major 
microstructural differences among these three 
samples which were slow-cooled from various 
assumed crystallization temperatures. But we 
noticed that the 211 densities of sample h and m 
appear to be slightly higher than that of sample 1 
which was slow-cooled from the lowest temperature 
960°C. 

We also performed magnetization 
measurements on these samples. Magnetization 
measurements were carried out on a Quantum 
Design SQUID magnetometer. We have reported 
the problems associated with the application of Bean 
critical state model [6]. The standard Bean model 
formula [7]: JC = A AWd, where A is a constant 
related to the sample geometry, AM is the hysteresis 
difference in magnetization measurements, and d is a 
characteristic length that depends on the size of the 
induced current loops. Here, A is usually fixed for a 
given sample geometry. However, AM and d are 
affected by a several factors. .As a result of 
superconducting anisotropy; AM for H parallel to 
the c axis is much greater than that for H parallel to 
the ab plane. Therefore, AM values can vary 
significantly as a function of the grain orientation 
with respect to the direction of the applied field. 

The determination of d is also complicated 
because, in general, the distribution of flux 
penetration in the bulk sample cannot be easily 
measured. Weak links can exist at grain boundaries, 
microcracks, or regions of compositional 
inhomogeneity in which superconductivity is weak. 
Thus, uncertainties in d can cause errors in the 



Fig. 2. Optical micrographs of sample h, my and 1. 

calculation of Jc for large bulk samples. In most 
previous studies. comparisons in flux pinning were 
often made among bulk samples for which both 
orientation (which affects A M )  and the effective d 
were not well defined. For example, one may take 
the sample size as d for a conservative application of 

the Bean model. However, this approach may be 
overly conservative since the effective d may actually 
be much smaller because of internal microcracking 
or some type of weak link. This fact is particularly 
important when comparing the pinning strengths of 
different samples for which the effective d may vary 
significantly. 

To eliminate uncertainties due to size and 
orientation, the measurements were performed on 
finely crushed powders. Since the crushed powders 
had similar particle sizes and distributions, direct 
comparisons could be made among the flux pinning 
of three samples slow-cooled from different T*. 
Figure 3 shows the magnetic hysteresis of sample h, 
m, and 1 at 15 K. Note, we used 100 mg powder of 
each sample for the M vs. H measurement. As can 
be seen in Figure 3, the hysteresis differences of 
sample h and 1 are quite similar, especially in the 
high field range above 3 T. However, AM of 
sample 1 is considerably smaller than those of sample 
h and m. 

The DTA data shown in Figure 1 indicate that 
the crystallization begins at a much lower 
temperature range (-910°C) although the equilibrium 
peritectic temperature of 123 has been determined to 
be near 1010°C. Upon cooling, if the traditional 
peritectic reaction and transformation took place, the 
123 phase would be expected to nucleate on the 
surface of 211 forming a thin shell in between the 
211 and the liquid. This traditional type of 
nucleation is energetically favorable since 21 1 
surfaces reduce energy during the nucleation 
process. However, it has been found that 123 phase 
actually nucleates directly from the liquid [SI and the 
traditional peritectic reaction does not occur in the 
123 system. When cooled below the peritectic point 
(-10IO°C), the liquid is supersaturated with respect 
to the 123. Therefore, the 123 phase has a tendency 
to precipitate out from the liquid. Previous 
experimental results showed that 123 grains 
independently form in the liquid indicating a 
homogeneous nucleation [SI. As a result, this 
nucleation directly from the liquid requires greater 
driving force from undercooling and crystallization 
takes place at a much lower temperature range below 
the peritectic point. This conclusion is in agreement 
with our DTA data shown in Figure 1. Further 
detailed study on the crystallization process is in 
progress. 

According to the interpretation above, we 
conclude that, for sample h, T* (= 1055°C) is much 
above the real crystallization temperature. Therefore, 
a slow cool from 1055°C did not result in any 



precipitation of 123 until a much lower temperature 
such as 980°C or 960°C was reached. This would 
also imply that a slow cool from a high temperature 
was not necessary, and the final microstructures 
obtained from slow-cooling near the real 
crystallization temperatures (such as 980°C or 960°C) 
should be similar to that achieved by slow cooling 
from high temperatures (such as 1055°C). As 
evidenced in Figure 2, the microstructures of sample 
h, m, and 1 are quite similar. Consequently, the flux 
pinning strength of these samples is also similar 
except that the sample 1 has smaller Ah4. This could 
be associated with the excess liquids in sample 1 due 
to rapid cooling (lO°C/h). Note: there are less 
liquids in the sample h and m. The excess liquids in 
sample 1 react more thoroughly to form 123, thus, 
the amount of 21 1 is reduced. Another implication 
of this study is that the melt-processing time can be 
greatly reduced. Not accounting other periods in the 
heating schedule, a 150 h time period is required if 
the slow cool process starts from 1055°C making the 
entire melt-texturing an extremely long process. 
However, according to this study that the 
crystallization 
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Fig. 3. M vs. H for sample h, m, and 1. 

actuarially occurs at a temperature much, below 
1055"C, the total slow-cooling time can be reduced 
to as short as 30 h, which has an important industrial 
significance in manufacturing a large quantity of 
levitators. 

SUMMARY 

The crystallization temperature in the 123 
system has been identified. DTA data indicate that 
crystallization of 123 takes place much below the 
equilibrium peritectic point. When applying a slow- 
cool period from 980°C and 960 "C, similar 
microstructures and flux pinning have been obtained 
compared to the samples processed by the traditional 
method, i.e., slow cooling from high temperatures. 
These findings have important implication in 
industrial mass-production of high-quality 123 
levitators for magnetic levitation application. 
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