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Effects of Precursor Powders
on the Directional Growth of YBa>2CusOx Superconductors

Tae-Hyun Sung’, Sang-Chul Han", Young-Hee Han", Jun-Sung Lee",
Eugene Kim'", and Kwangsoo No™

Abstract: Textured bulk YBa:Cus;O. supercon-
ductor samples were grown directionally using
different precursors of YBa:Cu3O¢ powder, and
a mixture of Y:BaCuOs;, BaCuO: and CuO
powder. The microstructures and supercon-
ducting properties of the samples were com-
pared. The mixture powder produced better
microstructures i.e. dense and crack-free so
that a higher critical current density was
achieved at the same hot-zone temperature of
1150C than the reacted powder does. When
the reacted powder used as a precursor, as
the hot-zone temperature increased upto 121
5T, the texture of the sample improved and
the critical current density increased. The
amount of melt in the sample is of secondary
importance for the growth of superconducting
YBa:CuzOx grains. The microstructures and
superconductivity of good quality superconduc-
tors grown directionally were more strongly
influenced by the kind of precursor rather
than the amount of melt in a sample.

Key Words: superconductor, YBa:CuzO,, di-
rectional growth, precursor

1. Introduction

The melt-texturing technique is well known
to be an excellent method for solving the
weak-link problem and obtaining bulk high T.
superconductors with a high critical current
density.

Among the fabrication parameters, the type
of precursor is an important factor in deter-
mining the superconducting properties. Many
studies have been reported that the direction-
ally grown superconductors exhibited critical
current densities of over 10" A/em® at the
boiling point of liquid nitrogen. Melt tex-
turing methods can be classified into three
major categories [1): (1) slow cooling without
a temperature gradient, (2) slow cooling in a
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temperature gradient without sample trans-
port, and (3) slow cooling in a temperature
gradient with sample transport. The direc-
tional growth used in this work is of type
{3). Modifications were made to the melt tex-
turing method to improve the microstructure
and the transport properties of the melt
textured superconductors. Such modifications
include the variation of the type and stoi-
chiometry of precursor powders (2] and ad-
dition of the second phases [3). The hot-
zone temperature {the maximum temperature
in the temperature gradient) of our previous
studies (2, 4) at which the maximum critical
current density showed, was a few hundred
degrees lower than in other’s study [(5). A
significant difference between these two stud-
ies was the kind of precursor powder used.
Reference 5 used reacted YBasCuzOx (123)
powder, but we used a Y:BaCuOs (211), Ba-
CuO: (011) and CuO (001) power mixture.
We speculated that the mixture powder used
in our studies forms liquid at lower temper-
ature, and that the liquid might decrease the
melting temperature of samples, resulting in
much enhanced a maximum critical current
density.

In the present study, we fabricated YBas
Cu30x the samples grown directionally using
two different precursor powders of reacted 123
powder and a 211+011+001 mixture powder.
The microstructures and superconducting pro-
perties were examined and the difference of
the two precursor powder were discussed.

2. Experimental procedure

Precursor powders of 123, 211, and 011
were synthesized using solid state reactions of
reagent grade Y203, BaCOQOs, and CuQ powder
mixtures. The processing conditions for the
precursor powders have been described in
detail in Ref. [6]. Precursor powders of 211,
011 and 001 were mixed at the stoichiometric
ratio of 123 and ground using an automatic
agate mortar and pestle for 1 h per each 10
g. Bar samples (~0.2 X 0.2 X 3.5 c¢cm”) of
the mixture powder and 123 powder with a
few drops of organic binder were pressed in a
steel mould. After drying in air overnight. the
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bar samples were carefully heat treated at
850TC for 1 hour to burn-out the organic
binder and to densify. A small hole was
drilled in one side of the bar sample in order
to hang the sample on a constant speed
puller using platinum wire. The bar samples
were pulled up through a high-temperature
zone provided by a small platinum coil inside
a kanthal furnace. The pulling speed in this
study was 1.2 mm/h. A schematic diagram
and a typical temperature profile of the direc-
tional growth furnace was shown in Ref. (4].

After cooling down to room temperature,
both surfaces of the bar samples were ground
flat using SiC papers. Four electrical contacts
on the samples were made using a silver
paste. The samples were heat treated in
oxygen flowing atmosphere at 800T for 1 h to
provide better contact between the super-
conductor and silver paste. And the sample
was cooled to 550TC and held for 24 h in
order to provide 123 with appropriate oxygen
stoichiometry and then cooled down to room
temperature.

The superconducting transition temper-—
atures and the critical current densities of the
samples were measured using the d.c. four
point probe method. The lead wires carrying
the current were attached to the silver
contact using In-Ga eutectic liquid metal for
critical current density measurements in
liquid nitrogen. The voltage drop across the
two inner electrical contacts was measured
using a Keithley 181 nanovoltmeter, and the
temperature measured using a Si diode
attached to the back side of the sample and a
Lakeshore 805 controller. The microstructure
of the sample was observed using a polarized
light microscope. An energy dispersive x-ray
spectroscope (EDXS) with a scanning electron
microscope (SEM) was used to analyze the
elemental composition of the constituent.

3. Results and discussion

Figure 1 shows the appearance of typical
samples, of which the precursors are (a)
211+011+001 mixture powder (designated as
the mixture powder sample in the present
paper) and (b) reacted 123 powder (design-
ated as reacted powder sample), grown direc-
tionally at the same hot-zone temper- ature
of 1150C (temperature gradient, G = 12.5T
/mm) and at the growth rate, R, of 1.2
mm/h. The growth direction is also indicated
in Figure 1. The surface of the mixture
powder sample (Fig. 1(a)) became smoother
as the directional growth process progressed,
and a round end was observed at the end of
the sample, which indicates that a liquid
phase formed in the high-temperature zone,
flowed along the pulling direction and

accumulated at the end of the sample. In
contrast, the reacted powder sample (Fig.
1(b)) showed a larger width than the mixture
powder sample {(they had the same width
before the directional growth) did, the surface
of the reacted powder sample was relatively
rough, and a round end was not observed at
the end of the sample. The above
observations may indicate that the amount of
the liquid phase in the mixture powder
sample during the directional growth was
higher than that in the reacted powder
sample.

Figure 2 shows the normalized resistance
vs. temperature curves of the samples
fabricated wusing two different precursor
powders. Two R-T curves of the directionally
grown and the normally sintered samples are
included for comparison. The sintered samples
were reacted at 9507T for 10 h and annealed
at 550T for 10 h in oxygen flowing atmo-
sphere. The sintered samples showed the
critical temperature of about 89 K and tails
in the resistance transition range, which
indicates that the samples also contain
nonsuperconducting impurities. The sample
normally sintered wusing the reacted 123
powder appears to be more impure than that
sintered using the mixture powder as shown
in the figure, but XRD patterns of the two
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Fig. 1. Appearance of the directionally grown
superconductor samples fabricated with (a)
211 + 011 + 00! mixture powder and (b)
the reacted 123 powder. Arrow indicates the
growth direction, and each square in the
figure represents 1 X 1 mm?>.

samples appeared  very similar  without
appearance of any significant impurity phases.
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The critical temperature was improved to be
over 90 K for the directionally grown samples.
It is thought that due to the melting and
recrystallization process and the impurity
moving along the directional growth, the
directionally grown samples always showed
higher critical temperature than the sintered
samples in this study. The directionally grown
sample using the reacted 123 powder shows a
tail in the resistance transition range. which
indicates that the sample also contains non-
superconducting impurities or low temperature
superconducting phase. Neither XRD nor SEM
analysis revealed detectable any impurity.

Figure 3 shows Lhe voltage vs. current
density curves of the samples fabricated using
two different precursor powders. The sintered
samples showed a critical current density (Je¢)
of about 200 A/cm”, which is a typical value
for the sintered 123 superconductors in liquid
nitrogen. The directionally grown samples
showed improved critical current densities.
The sample prepared using a reacted 123
powder showed a Jc of 500 A/cm”, the sample
prepared using a mixture powder showed
higher Jc¢ than can be measured with the
instrument used in this study. The current
level available in this study was 45 A.
Samples extruded using the same precursor
powder and directionally grown at the same
processing condition showed the Jc¢ of above
10" A/em? (8],

Figure 4 shows the polarized light images
of the microstructures of the polished surface
(lengthwise cross-sectional surface) of the
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Fig. 2. The normalized resistance vs. tem-
perature curves of the following samples:
The samples which were fabricated using (a)
the reacted 123 powder and (b) the
211+011+001 mixture powder. were sint-
cred at 9507T for 10 h and annealed at 55
0T for 10 h in oxygen flow. And the
samples which were prepared using (¢) the
reacted 123 powder and (d) the mixture
powder, were grown directionally at 11507,
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Fig. 3. The voltage vs. current density cur-
ves of the following samples: (a) The sin-
tered sample with the reacted powder., (b)
the sintered sample with the mixture powder,
(¢c) the directionally grown sample with the
reacted powder, and (d) the directionally
grown sample with the mixture powder.

reacted powder sample (a and b) and the
mixture powder sample (¢ and d) directionally
grown at hot-zone temperature of 1150C and
the pulling speed of 1.2 mm/h. The micro-
structure of the reacted powder sample
consisted of hundreds of micron size grains.
The grains in the sample consisted of large
cracks being parallel inside the grain. These
cracks usually perpendicular to the c¢ axis
were due to the phase transition of tetragonal
phase to orthorhombic phase in 123 lattice.
The mixture powder sample showed neither a
large angle grain boundary in the whole
portion of the microstructure nor a crack. as
shown in Fig. 4(c¢). The sample showed
almost void-free microstructure. Trapped part-
icles showing dark contrast were observed in
all micrographs and identified as 211 by using
EDXS analyses. A ZAF analysis of the EDX
spectra collected from the matrix phase
showed that the atomic ratio was 1 : 1.9

3.1 for Y : Ba : Cu. respectively, which is
close to the atomic ratio of 123. The ZAF
analysis of the EDX spectra collected from the
trapped particle showed that the atomic ratio
was  2:0.9:1.2 for Y:Ba:Cu. respectively,
which is close to the atomic ratio of 211. In
the hot-zone of temperature 1150T. the
sample consisted of 211 and the peritectic
liquid. Just below the peritectic point (101
5C (7)), 123 phase crystallized with the
trapped 211 particles. The shape and the
population density of the trapped 211
particles differed depending on the precursor
powder used. The reacted powder sample
consisted of needle shape 211 particles. but
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the mixture powder sample consisted of
almost equi-axed 211 particles. Similar
observations were made in other studies [8~
10). The peritectic decomposition of pure 123
produced acicular prismatic 211 particles, i.e.
needle shape in two dimension, while the
addition of equiaxed 211 to pure 123 before
the decomposition produced equiaxed 211
particles [(8]. Acicular 211 particles were
obtained for Y203-BaCuOs-CuO precursor
mixture and melt-quenched (MQ) powder,
consisting of Y203-BaCuO» plus amorphous
phase, after heated up to 1100T, while
equiaxed 211 particles were obtained for
211-011-001 precursor mixture {(9). Excess
211 in both 123 precursor powder and melt
quenched precursor powder produced equiaxed
211 particle after the decomposition at 11007
(10). The presence of 211 particles in the
precursor powder is important to obtain the
equiaxed 211 particles after the decom-
position, which is similar situation in this
study. The mixture powder sample showed
smaller grain size of 211 particle than the
reacted powder sample did.

It is well-known that the relationship
between 211 particles and Jc is very close.
There is no complete understanding yet as to
which of the possible mechanisms contributes
to the flux-pinning in the YBCO systems. The
smaller 211 particles resulted in higher

Fig. 4. Polarized light images of the
microstructures of the polished surface
(lengthwise cross-sectional surface) of (a
and b) reacted powder sample and (¢ and
d) the mixture powder sample directionally
grown at hot-zone temperature of 1150T
and the pulling speed of 1.2 mm/h. The
white bar represents 100 m.

critical current densities in YBCO system
(11). They used the uniform distribution of
very fine 211 particles to enhance the Jc

Fig. 5. Polarized light images of the microstructures of the polished surface (lengthwise
cross—sectional surface) of the reacted 123 powder sample directionally grown at
different hot-zone temperatures: (a and b) 1150TC, (¢ and d) 1175C and (e and f)
1215C using the same pulling speed of 1.2 mm/h. The white bar represents 100 zm.
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drastically, and their results stimulated many
other researchers to investigate the effect-
iveness of the 211 particles as the pinning
centers in YBCO system [12-15)]. Some spec-
ulations are such that the role of 211
particles in the flux-pinning is a secondary
effect. In other words, instead of the 211
particles acting as the actual pinning centers,
the structural microdefects caused by these
211 particles may be effectively acting as the
pinning centers [16-18). The fine and round
211 particles in the mixture powder sample
should be better than the needle shape of the
reacted powder sample for the enhancement of
Je.

During the directional growth, the reacted
powder sample consisted of 123 grains which
partially melted to 211 + peritectic liquid
above 1015C. The mixture powder sample
consisted of 211, 011 and 001 grains, and
these had much large areas for contacts
between 211 and 011 grains which form
eutectic melt at 1000T, between 011 and 001
grains which form eutectic melt at 920C, and
between 211 and 011 grains which form
peritectic melt at 975C (7). The melts formed
on the grain contacts formed at lower
temperature than the peritectic melt formed
on the 123 grains: the amount of the liquid
phase in the mixture powder sample would be
higher than that in the reacted powder
sample: and the directional growth of the
mixture powder sample involved a higher
amount of melt content, which may improve
the texturing. In order to verify the reason
that the texturing of microstructure was
improved, we grew the reacted powder
samples at higher hot-zone temperatures in
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Fig. 6. Normalized resistance vs. hot-zone
temperature curves of the samples fabricated
with the reacted 123 powder and direc-
tionally grown at (a) 1150T, (b) 11757, and

(¢) 1215T with the same pulling speed of

1.2 mm/h.

which large amount of melt exists.

Figure 5 shows the polarized light images
of the microstructures of the polished surface
(lengthwise cross-sectional surface) of the
reacted 123 powder samples directionally
grown at different temperatures using the
same pulling speed of 1.2 mm/h. The
microstructures of the reacted powder sample
were investigated with different temperatures

1150T (Fig. b(a), (b)), 1175T (Fig. 5(c),
(d)), and 1215T (Fig. 5(e), (f)). As the hot
zone temperature increased, the number of
the grains decreased in the same range of the
microstructures, and the sample grown
directionally at 1215TC (G=15C/mm) appears
to consist of a single grain without a large
angle grain boundary in the whole range of
the microstructure. All microstructures of
three samples showed voids and cracks being
parallel to each other. But the micro-
structures of the mixture powder samples are
almost crack- and void-free as shown in Fig.
4(c). The shape of the trapped 211 particles
was not changed as the acicular shape at the
hot zone temperature. The results may
indicate that the quality of the sample is
better for the mixture powder sample than for
the reacted powder sample. The volume
fraction of 211 particle for the three samples
grown at 1150C, 1175C and 1215C were
estimated by using a computer Iimage
analysis. The 211 volume fraction of three
samples grown at 1150C, 1175C, and 1215T
were about 11%, 26%. and 36%, respectively.
As one considers the YBCO phase diagram
and the equation mentioned below, with
increasing the hot-zone temperature, the
amount of liquid increased and the viscosity
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Fig. 7. Voltage vs. the current density
curves of the samples fabricated with the
reacted 123 powder and directionally grown
at (a) 1150C, (b) 1175TC, and (c¢) 1215T
with the same pulling rate of 1.2 mm/h.
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of liquid of the samples decreased.

2YBa2Cus07 5
— Y2BaCuOs; + L(3BaCuOs + 2CuO)

As shown in Fig. 5(d) and (f), the size
and volume fraction of 211 particles in the
sample grown at 1215C (Fig. 5(f)) were larger
than that in the sample grown at 1175T (Fig.
5(d)). It is known that the growih rate of the
solid grain in liquid increases exponentially
with increasing temperature. Therefore the
higher the temperature of hot zone is, the
larger the size of 211 particle in the grown
sample is. In a partially molten state, the
volume fraction of 211 particle at 1215TC is
lower than at 1175C according to YBCO
phase diagram. This 1is contrary to the
present results observed. It can be explained
as follows: As the hot-zone temperature
increases, the viscosity of liquid is likely to
decrease. Therefore on pulling the sample, the
liquid of hot-zone at a relatively high
temperature (1215T) is easier to flow
downward than that with a relatively low
temperature (1175%7C).

Figure 6 shows the normalized resistance
vs. hot-zone temperature curves for the
reacted 123 powder samples directionally
grown at different hot-zone temperatures with
the same pulling speed of 1.2 mm/h. All the
samples show sharp transition within a
similar narrow temperature range. As the
hot-zone temperature increased, the curve of
transition showed shorter tails. But the
critical temperatures slightly decreased with
increasing the hot-zone temperature. The
curves of two samples grown at 1150C and
1175C had tails during the transition. It
suggests that those samples might have some
of phases. Figure 7 shows the voltage vs. the
current density curves of the reacted 123
powder samples directionally grown at
different hot-zone temperatures but with the
same pulling rate. As the hot-zone temper-
ature increased, i. e. the temperature grad-
ient increased., the Jc increased, and the
slope of the curve above the Jc decreased.
The sample grown directionally at 1215T
showed the Jc¢ above the limitation of the
current source (45 A) available for the
present study. These observations are con-
sistent with the results shown in Fig. 5, in
which the texturing improved as the hot-zone
temperature increased. Therefore, in micro-
structures and superconducting properties, the
sample grown at 1215C showed the best
quality of them. Although the sample showed
the best result among them, the sample still
had cracks and large 211 particle.

When the sample grown with the reacted
powder at 1215T was compared with the

mixture powder sample grown at 1150T. the
latter was Dbetter in size and shape of the
211 particle and cracks than former. The
microstructures and the superconductivities of
the superconductors grown directionally were
rather influenced by the difference of pre-
cursors than by the amount of melt in the
samples.

4. Summary

Textured bulk YBaaCusOy superconductor
samples were fabricated wusing directional
growth of superconductor grains reacted from
both  reacted YBasCuzOyx  powders, and
YoBaCuQOs, BaCuO:z and CuO mixture powder.
The microstructure and superconducting
properties of the samples were compared.
The mixture powder sample showed a better
microstructure (dense, crack-free) and higher
Jc. The shape of the 211 inclusions was
equiaxed for the mixture powder sample but
needle shaped for the reacted powder sample,
and the population density of the inclusion in
the mixture powder sample was higher than
that of the reacted powder sample. As the
hot-zone temperature increased, the texturing
of the reacted powder sample was improved,
and the Jc increased. The microstructure of
the mixture powder sample grown direct—
ionally at hot-zone temperature of 1150T was
better than that of the reacted powder sample
grown directionally at 12157C. The better
microstructure and the superconducting pro-
perties of the mixture powder sample than
those of the reacted powder sample at the
same directional growth condition may be
rather influenced by the kind of precursors
than by the amount of melt in the samples.
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