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Abstract

The milling effects of a precursor Y,BaCuOs (Y211) powder having 1 wt.% CeO, on the microstructure and critical current
density (J;) of liquid infiltration growth (LIG) processed YBa,Cu;04., (Y-123) bulk superconductors were investigated. The
microstructure analysis revealed that the Y211 size in the final Y-123 products decreased with increasing the milling time and
a relatively high density and uniform distribution of Y211 inclusions were observed in the sample prepared using 8 h milled
powder. However, the unexpected Y211 particles coarsening was observed from the 4 h milled sample which was further
increased for 10 h milled sample. Critical current density (J.) of the LIG processed Y-123 bulk superconductors was found to
be dependent on the milling time of the Y211 precursor powder. The J, increased with the increase of milling time and
reached up to a maximum at 8 h in the self field while 10 h milled sample showed lower J, at the same field which might be
due to the exaggerated growth and non-uniform distribution of Y211 particles.
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1. Introduction

* Corresponding author : Chan-Joong Kim

Fax : +82 42 868 8275 E-mail : cikim2@kaeri.re ke The J, of Y-123 bulk material is strongly dependent

on the microstructure of a superconducting grain. It is
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well known that Y211 particles trapped in the
melt-textured Y-123 superconducting phase and
related defects act as strong pinning centers [1]. As
the size reduction of Y211 inclusions led to an
improvement in J,, therefore, a further size reduction
of Y211 particle is required for an enhancement in
the J, and field trapping capability of Y-123.

For achieving better flux pinning properties in this
system, the size, the volume and the distribution of
Y211 particles within the Y-123 superconducting
matrix should be well controlled. Kim et al/ [2] and
Nariki et al [3] reported that the number and the size
of the Y211 particles trapped within the melt-textured
Y-123 matrix can be varied by controlling the
composition of the starting material. In other studies
[4-6], it is proposed that the particle size and the
morphology of Y211, which significantly affect the
critical current properties, can be controlled via
milled powder as a precursor. Among the ways of
reducing the Y211 particle size, the addition of
second phase elements such as PtO, [7-9], CeO, [10]
etc is also effective in suppressing the growth of
Y211 particles. In consequences of many benefits of
milled precursor powder, in this study, the milled
Y211 powder with 1 wt.% CeO, was used as a
starting material for the fabrication of Y-123 oxide
superconductors.

Along with control of precursor powders, the
enhancement of J, also depends on the processing
techniques for the fabrication of Y-123 oxide
superconductors. Among the fabrication processes of
Y-123 superconductors, a modified melt process
named LIG process was recently developed. Chen et
al [11] initially reported the various advantages of the
LIG process and several research groups studied its
ability in order to optimize the processing parameters
of the modified melt process [12-16].

In this paper, we investigate the effect of the initial
Y211 particle size in the precursor composition
having 1 wt.% CeO, on the microstructure and
superconducting properties of Y-123 single grains
grown using LIG process.

I1. Experimental

A commercially available Y211 powder (Solvay
Company) was milled for 2, 4, 6, 8 and 10 h using
attrition milling machine at a rotation speed of 400
rpm in ethanol using ZrO, balls (7.5 mm dia.). After
the completion of the milling process, the resultant
slurry was dried in a vacuum oven to evaporate the
solvent (ethanol). 1 wt% of CeO, was also added to
the fully reacted Y211 powders prior to pressing into
pellets in order to suppress Y211 growth in the
molten liquid during peritectic decomposition. The
milled Y211 powders having 1 wt.% CeO, and
Ba;CusOg (Y035, used as a liquid source) were
pressed into pellets uniaxially using a steel mold of
20 mm diameter. In this study, the precursor pellet
prepared from unmilled (0 h) commercially available
Y211 powder was used as a reference sample. In
order to control the porosity well, all the Y211 green
compacts were sintered at 1200 °C for 2 h in air prior
to the LIG process. The arrangement of the precursor
compacts for LIG process is shown in figure 1.

By using cold seeding method, the LIG process
was applied for the fabrication of single crystal Y-123
bulk superconductors. The detailed applied heating
schedule for the LIG process in this study is shown in
the figure 2.

with CeO,

Fig. 1. Photos of pre-form structure for LIG process

The interior microstructures related to the size and
distribution of Y211 particles were investigated using
a scanning electron microscope (SEM). After the
annealing of rectangular shaped specimens with
dimensions of about 2x2x1 mm® at 500 °C for 300 h
in pure oxygen atmosphere, the measurement of J,
was evaluated from magnetization hysteresis curves
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using a magnetic property measurement system
(MPMS).
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Fig. 2. Schematic illustration of the applied heating
schedule.

III1. Results and discussion

Figure 3 shows SEM micrographs of Y211
powders milled for (2) 0 h (b) 2 h, (¢c) 4 h, (d) 6 h, (e)
8 h and (f) 10 h. As can be seen in sample (a), the
powders are irregular in shape and a several um in
size. As milling time increases, a part of the Y211
powders is changed into small powders by milling.
The fraction of the small Y211 powders increases as
time increases, but all the original Y211 powders are
not converted completely to the small Y211 powders
even after 10 h milling. The precursor powders of
this study were, therefore, mixtures of large Y211
powders of a several um in size and submicron Y211
powders with various volume ratios.

To estimate an open porosity in the Y211 green
compacts, the samples were sintered at high
temperature. Figure 4 shows the variation of apparent
and % theoretical density (TD) with milling time of
the sintered Y211 pre-forms, estimated from the
equation of

%TD = Sample (apparent) Density / TD (6.18
g/em’) x 100

The %TD value for 0 h milled sample is around
85%, but it increases gradually with increasing the
milling time even though all the Y211 green
compacts were sintered at the same temperature

(1200 °C). For instance, the %TD value for 10 h
milled sample is about 92%, which indicates 8% of
the pre-form is an open porosity. Milling time
dependence of the %TD is a result of the increased
volume fraction of the fine Y211 powders by milling.
It can be expected from the density result that the
Y211 pre-form prepared using the fine powder will
have a relatively small amount of liquid due to the
lack of open pores [17].

Fig. 3. SEM micrographs of Y211 powders attrition-milled
for(a)Oh, (b)2h,(c)4h,(d) 6h, (e) 8hand (f) 10 h.
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Fig. 4.Variation of an Y211-pre-form density with milling
time.

The size of Y211 particles and their distribution
were also investigated from the top surface region far
from the seed in the LIG processed Y-123 samples.
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Figure 5 shows the SEM micrographs of polished/
etched surfaces of LIG processed samples using
Y211 powders milled for (a) 0 h, (b) 2 h, (c) 4 h, (d)
6 h, (e) 8 h, and (f) 10 h. The size of Y211 particles
was found to be the function of milling time. A
relatively high density of Y211 inclusions having
uniform distribution compared to other samples,
however, was observed in the microstructure of 8 h
milled sample. The microstructure observed for 10 h
milled sample was significantly less homogeneous
and discontinuous compared to 8 h milled sample.
On the other hand, in figure 5 (c)-(f), the abnormally
grown Y211 particles can be observed. The large
plate-like Y211 particles of a several um are present
in a form of agglomerates, together with small
granular Y211 particles.

Fig. 5. Y211 size and distributions in LIG processed Y-123
samples using Y211 powders milled for (a) 0 h, (b) 2 h, (c)
4h,(d)6h,(e)8hand (f) 10 h.

The agglomeration and microstructural in-
homogeneity in single grains fabricated from
ball-milled Y-211 powder were observed. The
agglomeration and microstructural in-homogeneity

can be considered due to two reasons. First reason is
that since CeQ, acts as a growth inhibitor of Y211 in
liquid phase [10], so the Y211 particle size further
reduced due to CeO, addition. Furthermore, using
milled Y211 powder as a stating material [6], CeO,
addition [10] and using LIG process [11-17], all are
the sources to reduce the Y211 size in the final Y-123
matrix. The appearance of large Y211 particles is a
result of the exaggerated Y211 growth in a melt,
which might be due to the high reactivity of the fine
milled Y211 powder having a reaction route different
from the large Y211 powder. The second reason may
be attributed to zirconia (Zr) contamination of the
precursor powder during the milling process [6]. This
contamination is due to the balls and container of Zr
used for the mixing process. Further study on the
very fine Y211 powder with a high specific area
should be carried out.

The J, values were calculated from the
magnetization data using Bean’s critical model [18]
at 77 K and H//c-axis. Figure 6 shows the J,
increased gradually as milling time increased up to 8
h in the self field (0 T) while the 4 h milled sample
showed the highest J in the high field (2.2 to 5 T). In
the self field region, the maximum J, value (7.8x10*
A/em?) at 77 K for 8 h milled sample was achieved
which is comparable to the 0 h milled sample
(3.9x10* A/cm?) in the same field. The decrease in
Y211 size and their uniform distribution are
responsible for the J. improvement. Despite the
remarkable enhancement of the low-field J,, 8 h
milled sample’s performance at a high magnetic field
is disappointing. Therefore, it is necessary to further
increase J. in a high field in order to allow electrical
engineering applications.

Although the exact flux pinning mechanism of
Y211 is still unclear, it is widely accepted that both
mechanical properties and flux pinning of YBCO are
improved by the fine 211 embedding [1]. In case of 4
h milled sample as shown in figure 5 (c), the
microstructure observed for that sample did not show
the remarkable refinement of Y211 particles but that
sample showed high J, in the high magnetic field. By
comparing J. of that sample, it is concluded that
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certain factor can obviously improve the magnetic
properties of LIG processed YBCO, especially at
higher magnetic field. Some researchers have
proposed that the local inhomogeneities with weak
superconductivity, which play the role of pinning
centers, those inhomogeneities with  weak
superconductivity may be connected with secondary
phases, defects or chemical inhomogeneities, which
become normal with increasing magnetic fields [19],
which can cause the high J.. This may be the reason
for the improvement of J; in the high field for the 4 h
milled sample.

As the milling time increased further to 10 h, the J,
decreased to the level of the 4 h milled sample in the
lower field (0-1 T) and its values more reduced with
the increase of magnetic field. The reduction of J,
values is attributed to the exaggerated Y211 growth.
As it is considered that milled precursor powder,
CeO, addition and LIG process, all are effective for
the refinement of Y211 particle but extra ordinary
refinement causes agglomeration, which might be
due to the high reactivity of the fine Y211 particles
having a reaction route different from the large Y211
particles. Further study on the very fine Y211 powder
with a high specific area should be optimized to stop
the agglomeration of Y211 particles.
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Fig. 6. J.-B curves of LIG processed Y-123 superconductors.

IV. Conclusions

In this study, single crystal Y-123 superconductors
were fabricated by an LIG process with top seeding

using milled precursor Y211 powder having 1 wt.%
CeO, addition. The Y211 size in the final LIG
processed Y-123 product was gradually reduced with
increasing the milling time. However, the unexpected
Y211 particles coarsening was observed from the 4 h
milled sample which was further increased for 10 h
milled sample. The highest J, (7.8x10* A/cm’in the
self field (0 T) and 77 K) was achieved for 8 h milled
sample but as the milling time increased further to 10
h, on the contrary, the Y211 size increased, and the J
decreased in the same field which might be due to the
exaggerated Y211 growth.
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