Nd;«Bay,Cu;0,5 Bulk Superconductor by Zone-melt Process : Dea-Wha Soh et al.

Nd;.xBa;xCu3z07_5 Bulk Superconductor
by Zone-melt Process

Dea-Wha Soh
Department of Electronic Engineering, Myongji University, Yongin, Kyunggi-do 449-728,
Korea

Fan Zhan-Guo
Materials and Metallurgy School, Northeastern University, Shenyang 110006, P.R. China

E-mail : dwhsoh@mju.ac.kr

(Received 1 June 2002, Accepted 2 August 2002)

Two kinds of Nd;.,Ba,..Cu;05.5, the sintering samples and zone melting samples, were heat-
treated under pure Ar at 950 °C. The substitution of Nd ion for Ba ion in the Nd;+xBa; ,Cu3;07.5
before and after the heat treatment was investigated by XRD. In order to confirm the effects of
the heat treatment, the T, and J. of samples with/without the heat treatment under Ar were
comparatively studied. The Nd;xBa;4Cu;07.5 samples were oxygenated under pure oxygen at
300 °C. From the XRD pattern it was found that the sample with x<0.4 was transferred from
tetragonal phase to orthorhombic phase after the oxygenation, while the sample with x>0.4 did
not show the phase transition even after a long time oxygenation. Therefore, the low oxygen
partial pressure (Ar + 1 % O,) was used for the ambient atmosphere of the zone-melting
samples, which could reduce the melting temperature and depress the substitution of Nd for Ba.
After the improvement in the zone-melting process, the J, value was increased to 2 x 10°*
Alem’® (0 T, 78 K). The particle orientation and the structure of zone-melted NdBaCuO were
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studied by the XRD and SEM analysis.
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1. INTRODUCTION

Nd;+xBa,xCus 075 solid solution compound became a
promising superconductor because of its high critical
current density (J;) at high magnetic field[1,2] and its
high growth speed for the textured material[3]. There are
some disadvantages in the Nd;,Ba, Cu;07.5 supercon-
ductor and its synthesis process. The first problem is the
change of critical transition temperature (T.) with the
solid solubility x in the solid solution[4]. When the x
value larger than 0.4 the compound become a non-
superconductive tetragonal phase[5].

The substitution of Nd for Ba exists in the Nd;,Ba,.
xCu307.s superconductor prepared in air[6-8]. Therefore
some authors use low oxygen partial pressure as the
ambient atmosphere for preparing Nd;.xBa;Cuz07;5
superconductor in the melting-condensed process (so

called OCMG) in order to depress the substitution[9,10].
Some authors prepared the textured Nd;:,Ba.xCuzO7;
superconductor in air, and then used a high temperature
(>900 °C) heat treatment process in argon to reduce the
substitution of Nd for Ba[11].

In the paper, the textured Nd;Ba,CusO;;
superconductor was prepared by the zone-melting
process both in air and in the mixture of argon with 1 %
oxygen. The samples made in air need to undergo the
high temperature heat treatment in argon before the
oxygenation, while the samples made in the mixed gas
directly were oxygenated in pure oxygen at low
temperature after zone-melting. The superconductivity
(T, and J) of small samples was studied and large
column in the NdBaCuO superconductor of 20 mm
diameter was prepared by the zone-melting process.
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2. EXPERIMETAL

Two kinds of samples, sintering sample and zone
melting sample, were used in the heat treatment test.
Nd,03 (99.9 %), BaCO; (99 %) and CuO (99.9 %) were
weighted and mixed on the metal ratio of Nd : Ba: Cu=
1: 2 : 3. The Nd,,Ba; ,Cu;07.5 powder was sintered by
the powder metallurgical method. In order to obtain the
single phase of NdBa,Cu;0;.5 compound, the above
sintering processing was repeated 2-3 times. The
Nd;+xBayCus307.5 samples with different x were sintered
from the chemicals of Nd,O; (99.9 %), Ba (NOs),
(99 %) and CuO (99.9 %). The chemicals were weighted
on x = 0.075, 0.25, 0.35, 0.45 and 0.85. Then those were
mixed, ground and sintered individually. The process
also needs to repeat 2-3 times for the single-phase
compounds. For the zone-melting samples, the Nd;.,Ba,.
xCuz07.s powder was pressed into 60 x 6 x 1.5 mm’ bars
which were solidified at 950 C in air. A new designed
SiC tube was used for the heating element, which could
have a narrow high temperature zone. Because the zone
melting was taken in the air, Nd ion would take some Ba
ion site to form the substitution of Nd for Ba. After the
zone-melting in air, the sample was heat treated in pure
Ar at 950 °C to reduce the substitution. After the Ar heat
treatment, the zone-melting samples were oxygenated at
300 °C for 120 hours under pure oxygen flow. The Ar
heat treatment and the oxygenation were taken in the
same SiC furnace. The standard four-probe method was
used to measure T, and J.. The four Ag electrodes for the
measurements were coated before the heat treatment.
The details for the preparation and the measurements of
samples were shown in reference[12].

3. RESULTS AND DISCUSSION

For the sintering samples of Nd;,Ba;.xCu;07.5 with
different x, the XRD was taken before and after the
oxygenation, and the patterns presented between 20 =
57.5° and 20 = 58.5° were shown in fig. 1. When x was
smaller than 0.4, after oxygenation the diffraction peak
moved to the right, which showing the transition from
tetragonal to orthorhombic. When x was larger than 0.4,
the diffraction peak did not change its position after the
oxygenation. It means that with the increasing
substitution of Nd for Ba (x>0.4) it is difficult to make
the samples of NdBa,Cu30.5 transfer from tetragonal to
orthorhombic by means of the oxygenation. When the
content of NdsBa,Cu,019 (Nd422) phase is smaller than
5 %, it is difficult to prepare the well-oriented samples in
air by zone-melting.

Therefore, the bars of NdBa,CuzO-.s for zone-melting
was mixed with 10-15 % Nd422 phase in order to make
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well oriented samples. The measured Nd422 contents
after zone melting are higher than 40 %. T. of zone-
melted bars is lower than that of sintering ones, and J is
small even for the well-oriented NdBaCuO samples,
which may due to the increased x value with the
increaseing Nd422 phase. Therefore, the suitable Nd422
content is one of the important factors in the preparation
of hlgh Jc Nd1+xBa2_XCu3O7_5,

Weight changes of NdBaCuO superconductor (12.0 x
4.5 x 3 mm’) at different times on oxygen absorption
was shown in fig. 2. It was demonstrated that the optimal
oxygen absorption was at 250 °C in the samples of
NdBa,;Cu;075. A typical XRD pattern for zone-melting
NdBaCuO was shown in fig. 3, in which the X-ray was
vertical to the pulling direction of sample.
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Fig. 1. XRD patterns of samples with varies x before and
after oxygenation (below line is the one after oxygen-
ation for each group).
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Fig. 2. Weight changes of NdBaCuO samples (12.0 x 4.5
x 3 mm®) during oxygen absorption process.
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Table 1. The effect of Ar post heat treatment on superconductivities.

Sintered Zone-melted
Post heat Nd,;xBay ,Cuz07.5 Nd;+xBa2xCuszO7.5
Treatment
Tc,onset Tc,offset J c (A/ sz) J c (A/ sz)
Without Ar 89.5K 82K 3 24
With Ar 94.5K 89K 15 100
Table 2. J. and Nd422 content of textured NdBaCuO.
Nd4:)22 73.74 33.89 32.71 29.98 25.08 17.12 15.00 13.00
(wt%)
I (A/crr) 27 35 40 100 3100 5400 20700 12900
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Fig. 3. XRD pattern of zone-melted NdBaCuO.

In figure 3, it can be seen that there is a strong
diffraction peak on the (116) crystal plane. The
microstructure of cross section on oriented sample is
as shown in fig. 4.

The heat treatment at 950 °C under Ar is effective
for the improvement of superconductivity of NdBaCuO.
The comparative data of T, and J, with and without Ar
heat treatment were listed in table 1. The critical
transition temperature (T.) increased 5-7 K for the
samples with Ar heat treatment, and J; increased 5 times.

Although Nd422 phase is useful for the preparation of
textured  Nd;.Ba;,Cu30;5  superconductor, the
excessive content of it may reduce the ability of current
transportation. After the Nd422 phase content in the
textured NdBaCuO samples was adjusted, the J. values
was increased up to 2% 10* A/em® (0 T, 78 K) (see table
2).

Fig. 4. Microstructure of zone-melted NdBaCuO.

The main factor of adjustment of Nd422 phase
content is melting temperature in the process of
textured NdBaCuO superconductor. In the test low
oxygen partial pressure was used as the ambient
atmosphere, which could reduce the melting temperature
of about 100 °C. Therefore, the loss of liquid phase
(BaCuO, and CuO) and the Nd422 content would be
reduced. It means the low oxygen partial pressure was
effective to depress the liquid phase and Nd422 contents
of NdBaCuO system. The substitution of Nd for Ba is
another important role for improvement of
superconductivity.

4. CONCLUSION

Both sintering and zone-melted NdBaCuO samples
could be made in air existing the substitution of Nd for
Ba, namely x>0 in Nd;xBa;xCuiO;5. But the
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substitution could be reduced by the heat treatment in
pure Ar at 950 °C, so the superconductivity could be
improved by this process. When x>0.4 in the Nd,.,Ba,.
xCu3075 samples, it could not be transferred from
tetragonal to orthorhombic phase even after a long time
oxygenation. However, addition of Nd422 in the
Nd;xBa, ,Cu307.5 bar could increase the x value after
zone-melting. It was found that the optimal temperature
and time of oxygen absorption were 250 °C and 6000
min, respectively.

The textured NdBaCuO superconductor was prepared
by the zone-melting method in air. After zone-melting,
the NdBaCuO samples were heat-treated at high
temperature (900-950 °C) in Ar. The high melting point
of NdBaCuO sample caused the loss of liquid phase
(BaCuO, and CuQ) in the =zone-melting process.
Therefore, higher Nd422 content may reduce the critical
current density of the samples. When the low oxygen
pressure was used in the zone-melting process, the
melting temperature of NdBaCuO was reduced. The J.
value of the zone-melted sample after the post heat
treatment increased up to 2 x 10° A/cm® (0 T, 78 K).
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