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Heat Treatment Condition for Preparing
Ndi.xBaz-xCus07-s Superconductors
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Abstract

Two kinds of Ndi«xBaz-«CuzO7-5, 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;.xBaz-xCusO7-s before and after
the heat treatment were investigated by XRD. In order to know the effects of the heat treatment, the T.
and J. of samples with the heat treatment and those without the heat treatment by Ar were
comparatively studied. The results show that the substitution of Nd for Ba decreased, T. and J.
increased after the treatment under Ar at 950C. The Ndi.xBaz «CuzO7-5 samples were oxygenated under
pure oxygen at 300C. From the XRD pattern it was found that the sample with x< 0.4 could transfer
from tetragonal phase to orthorhombic phase after the oxygenation, but the sample with x>0.4 could not

make the phase transition even after a long time oxygenation.
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| . Introduction

Compared with YBaCuO superconductor the
NdBaCuO has higher critical current density (J.)
at high field [1], J. equals about 1x10* A/er at 2
Tesla field for NdBaCuO but for YBaCuO it was
2000 A/cet at the same field. NdBaCuO has higher
growth speed when Bridgmen method was used to
prepare the oriented material [2]. When the speed
was 50 mm/h, the sample still could get high
orientation for NdBaCuO, but for YBaCuO the
growth speed was 1 or 2 mm/h only. Because of
high critical current density and the growth
characteristics, NdBaCuO was concerned one of
the most promising for the development of high
temperature superconductors.
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In the system Ndi.xBaz-xCuzO7-s solid solution
with x=0 to x=0.9 can be formed, x value can be
changed with the processing temperature and
atmosphere [2]. T. decreases with increasing x
valuee. When x larger than 0.4 the compound
transfers to tetragonal [4]. In order to depress the
substitution of Nd for Ba, some authors prepared
NdBaCuQO superconductor under 1% or 0.1%
oxygen partial pressure [5].

Salama et al grew NdBaCuO superconductor in
air by the directional solidification in a modified
Bridgman furmace; Hu prepared NdBaCuO
superconductor in air by the MTG method [6].
After the processing the superconducting material
heat treated in pure Ar at 900~950C for 20 hours
in order to decline the substitution of Nd for Ba.
The heat treatment under Ar at high temperature
for the NdBaCuO materials made in air is an
important processing. For the zone-melting method
because of the movement of equipment, it is
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difficult to control the oxygen partial pressure.. In
the experiment the zone melting processing of
NdBaCuQ was taken in air, and then the zone
melted NdBaCuO bars was heat treated in Ar at
950°C. The effects of the Ar treatment on
decreasing of the replace of Nd for Ba were
examined by the XRD and the measurements of
superconductivity (Te, Jo).

2. Experimental part

Two kinds of samples, sintering sample and
zone melting sample, were used in the heat
treatment test. Nd:0s3 (99.9%), BaCOs; (99%) and
CuO (99.9%) were weighted and mixed on the
metal ratio of Nd : Ba : Cu = 1 : 2 ¢ 3. The
NdBa;CusOr-s powder was sintered by the powder
metallurgical method. In order to obtain the single
phase NdBaxCu3O7 s compound ,above sintering
processing would repeat 2~3 times. The
Ndi.xBaz-«CusOr-s, samples with different x were
sintered from the chemicals Nd:0; (99.9%),
Ba(NOs): (992%) and CuO (99.9%). The chemicals
were weighted on x = 0.075, 0.25, 0.35, 0.45 and
0.85, and then mixed, ground and sintered. The
process also needs to repeat 2—~3 times for the
single-phase compounds. For the zone-melting
samples the NdiBaz-xCu307-5 powder was
pressed into 60mm X 6mm X 1.5mm 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 would be heat treated in pure
Ar at 950C to reduce the substitution. After the
Ar heat treatment the zone-melting samples were
oxygenated at 300C 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 measure-
ments of samples were shown in reference [7].

3. Resuits and discussions

The sample of zone-melted NdBazCuzOr-s,
before and after the Ar heat treatment, and after
the oxygenation was taken X-ray diffraction
(XRD).The three XRD curves in the scanning
angle 26=32" ~328 were shown in figure 1.
Each curve of figure 1 includes several peaks,
although the strong peak covers the weak one.
For zone-melted sample the strong peak is in the
low angle part. After the oxygenation of the
sample at 300C the strong peak is in the high
angle part. Therefore the zone-melted
NdBa;CusO7-s is tetragonal phase, and after the
oxygenation the sample transfers to orthorhombic
phase. It is noticed that after the Ar heat
treatment the sample presents the orthorhombic
tendency. in XRD pattern. When x value is larger
than 04, NdBa;CuzO7-s is tetragonal, with the
decreasing of x value, on the other word, with the
decreasing of the substitution of Nd for Ba,
NdBa;CusOr-5 transfers to the orthorhombic.
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Figure 1. XRD pattern of zone-melted samples at
different step of heat treatment

In figure 1 it can be seen that after the Ar heat
treatment sample zone-melted in air tends to be
orthorhombic, which proves Ar heat treatment can
reduce the substitution of Nd for Ba. Both of Ar
heat treatment and oxygenation have the effects
on the NdBa:CusO7-s to tend the orthorhombic
phase. In order to examine the effects of Ar heat
treatment, some of the samples, both the sintering
samples and zone-melted samples undergo Ar heat

- 625 -



treatment before the oxygenation, and some of
samples only undergo the oxygenation without Ar
heat treatment. T. and J. of measured were
shown in table 1.

From table 1 it is seen that for the sintering
samples after Ar heat treatment, T. increased 5-7
times. It means that although the samples of
NdBa;Cu307-5s were prepared on the ratio of Nd :
Ba : Cu =1:2 3, if sintered in air, the
substitution of Nd for Ba may occur. Therefore
after the Ar heat treatment superconductivity
improved. For the zone-melted samples after the
Ar heat treatment J. increased about 5 times. The
improvement of J. is due to the decreasing of the
substitution of Nd for Ba. The results of the
superconductive measurements are in accordance
with above discussion for XRD.

Table 1. Relation of the condition of heat
treatment and the superconductivity

Sintered Zone-melted
Conditions of heat] Ndi-xBaz-xCusO7-5 | Ndi-xBaz-xCuzOr- s
treatment
Te onset| Tc o| Je (A/cw) Jo (A/cr)
Oxygenation 89.5K | 82K 3 24
Ar heat trea['men( 945K | 8ok 5 110
and oxygenation

For the sintering samples of Nd;.xBaz-xCuzO7-;
with different x, the XRD was taken before and
after the oxygenation, and the patterns presented
between 26=575" and 26=585" were shown in
figure 2. When x is smaller (<04) after the
oxygenation the diffraction peak moved to the
right. which shown the transition from tetragonal
into orthorhombic. When X is larger than 0.4, the
diffraction peak did not change its position almost
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 NdBazCuzO7-s
transfer from tetragonal into orthorhombic by
means of the oxygenation. In the zone-melting
test when the content of NdsBaCu:0p (Nd422)
phase is smaller than 5%, it is difficult to
prepared the well oriented samples in air.

Therefore the bars of NdBa:Cuz07-s for
zone-melting mix with 10%~15% Nd422 phase in
order to make 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 NdBaCuQ samples, which
may due to the increased X value with the
increasing Nd422 phase. Therefore the suitable
Nd422 content is one of the important factors in
the preparation of high J. NdBa;CuzOr-s.
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Figure 2. XRD pattern of samples with varies x
before and after oxygenation(below line
is the one after oxygenation for each

group)
4. Conclusions

Both sintering and zone-melted NdBaCuQ
samples was made in air existing the substitution
of Nd for Ba, namely x>0 in Ndi+xBaz-xCusO7-s.
The substitution can be reduced by the heat
treatment in pure Ar at 950C, and the
superconductivity can be improved. When x>04,
the Ndi:xBaz-«CusO7-5. samples can not transfer
from tetragonal phase into orthorhombic phase
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even after a long time oxygenation. Addition of
Nd422 in the Ndi«xBaz-xCusO7-s bar can increase
the x value after zone-melting.
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