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The relationship of resistivity versus synthesizing temperature of sol gel YBasCu3zOy samples was studied when

prepared under flowing oxygen conditions. A set of high-temperature p—T curves was obtained for the whole process.

After the sample finished the test measuring, its resistivity was p300=9.83 x10~3Q-cm at room temperature. The p-T'

curve also showed that the orthorhombic—tetragonal phase transformation of sol-gel YBasCu3Oy sample occurred at

581°C for the sample in the rising temperature process, but at 613°C in the cooling process, lower than that of the

samples made by using the conventional powder metallurgy methods.
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1. Introduction

Many normal and superconducting properties of
high T, superconductors have been investigated and
discussed,[:?] such as the crystallographic structure,?!
oxygen deficiency,!? defects,®! anisotropy,'®! magnetic
properties,m and the transport properties,[s] etc.
However, the properties of the high-temperature (HT)
p—T curve have rarely been studied at temperatures
higher than 800 °C or in the synthesis process.[?~19]

Freitas and Plaskett (%) measured the temperature
dependence of the resistivity under several oxygen par-
tial pressures Po, for YBayCuzO, samples from room
temperature to 800°C. From these results they found
that the HT order—disorder phase transition in the su-
perconductor YBa;Cu3z0O, sample occurred at 685°C
as it was heated and cooled at a rate of 0.1K/min
in Po,=10%Pa. Cooke et all'” found that the sulfur
incorporation into YBagCu3z0O, was possible by diffu-
sion in gaseous state according to their HT resistivity
measurement of YBayCu3O,. We found that the HT

resistivity measurement of superconductors is a useful

means for assessing the progress, success of any kind of
ceramic superconductors, and studying the properties

and the phase formation.[11-16]

From our previous results'! it is known that the
orthorhombic—tetragonal phase transition (O—T phase
transition) of YBay;CuzO, samples observed by us-
ing the HT p-T curves only after its resistivity de-
creased during the whole cooling process. If the O-T
phase transition phenomena can be observed under
the above condition, we can predict that the sintering

process has ended.

We have also measured the HT p-T curves of
MgB; sample to investigate the phase formation while
sintering under different atmosphere conditions and
using different sizes of magnesium powders as the raw
materials.['2-15] We found that not only the sinter-
ing atmosphere may affect the phase formation of
MgB,,[12:13:16] Lyt also the size of magnesium pow-
ders can have strong influence on the features of the
phase.[1%15] For example, if MgB, sample is prepared

with nanometre magnesium powders as the raw ma-
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terials, the temperature of phase formation of MgB,
will range from 430 to 490°C,['4 ie. 100°C lower
than that by using ordinary off-the shelf magnesium
powders and sintering in flowing argon atmosphere,[!?]
and 220°C lower than that by using ordinary off-the
shelf magnesium powders and sintered in vacuum.!['?]
Therefore, it will be very interesting to study: if we
use the sol gel method to prepare the YBay;CuszO, raw
powders, and sinter it in flowing oxygen, what will be
the temperature of the O—T phase transition appear-
ing on the HT p-T curves?

In this paper we present the results of measure-
ments of the resistivity against temperature of the sol
gel YBayCu3O, (hereafter referred to as SG-YBCO)
sample synthesized in flowing oxygen. The tempera-
ture range of the O-T phase transition occurring in

the SG-YBayCuzO, superconductor is also discussed.
2.Experiment

Samples were prepared in two steps. First, the
primary SG-YBCO powders were prepared by the sol
gel method.['8:19] Then, the solid-state reaction tech-
nique was used to sinter the primary SG-YBCO sam-
ples at about 920°C for the first sintering cycle. The
sample was pulverized, reground and pressed into a
rectangular sample after it finished the first sintering
process. The sample was then sintered at 950°C in
the second cycle. Four gold wires of ¢=0.4 mm diam-
eter were used as the electric leads and pressed into
the rectangular sample with a size of 2.5x1.0x (0.28-
0.32)cm® by using a special mould. Then the sam-
ple was heated in a tube furnace, at the same time
its resistivity was measured in-situ by the dc four-
probe method. A computer was used to collect the
experimental data. All of the sintering processes were
carried out in flowing oxygen. The heating rate in
each sintering process was 475°C /h; after sintering the
sample was cooled down within the tube furnace with
power off to room temperature.

X-ray diffraction patterns were obtained using a
Philips diffractometer with Cu Ka radiation, from
which we found that the SG-YBCO sample changes
into YBayCu30O, only after sintering twice: that is,
at around 920°C in the first sintering process, and at

950°C in the second sintering process.
3.Results and discussion

In each sintering cycle, the sample undergoes
three processes: heating (rising temperature) process,

constant (holding) temperature process, and cooling

process. The corresponding HT p-T curve was mea-
sured in each process. The experimental curves are

shown in Figs.1 and 2.
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Fig.1. The in situ HT p-T curves of SG-YBCO sam-
ple sintered in the first cycle: (a) heating, (b) constant
temperature at 920°C, and (c) cooling in the furnace.

Figures 1(a), (b), and (c) show the heating,
keeping constant temperature at 920°C and cooling
processes respectively of the HT p—T curves of the
SG-YBCO sample sintered in the first cycle. From
Fig.1(a) it can be seen that the SG-YBCO sample is
initially an insulator at room temperature. Its resis-
tivity is about 2x107Q-cm with some jitter observed
until the temperature reaches 110°C during the heat-
ing process. The resistivity of the SG-YBCO sample
is decreased gradually with increasing temperature,
but it reduces rapidly at temperatures higher than
200°C. This may be caused by some kind of chemical
reaction occurring in the heating process. For exam-
ple, some residual nitrate and citrate decompose, and
send off some gases, such as NO,, CO,, and NH3 to
produce BaCOs, Y503, CuO, and CuO,, etc.'® The
thermogravity curve also shows that the SG-YBCO
sample has a high weight loss at temperatures of 200—
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300°C.1*8]

There are two special temperature points T, and
Ty, where the YBCO sample changes its conductiv-
ity for every HT p-T curve in the heating process:
at T, the YBCO sample changes from semiconduct-
ing to conducting and presents a minimum resistivity
value py, while at T, the YBCO sample changes from
conducting to semiconducting again, and presents a
maximum resistivity value p,. In different sintering
processes, the temperatures 7y, and T}, are different. In
order to compare the sintering processes between the
SG-YBCO samples and the YBCO samples sintered
in ambient air (hereafter referred to as A-YBCO sam-
ple), we must compare their HT p—T curves in each
sintering process.

The curve shape in Fig.1(a) is similar to that ob-
tained from the second cycle to sixth cycle of the A-
YBCO samples in the heating process.!1!]

We believe that the SG-YBCO samples produced

using the sol gel method have already undergone an

active chemical reaction during the preparation, which
corresponds to the first sintering in the solid reaction
process of the A-YBCO sample. This is why the first
sintering cycle of the SG-YBCO samples is equivalent
to the second sintering cycle of the A-YBCO samples;
the second sintering cycle of the SG-YBCO samples is
corresponding to the sixth sintering cycle of A-YBCO

samples.

The points Ty, and T}, for py and p, appear at 534
and 871°C respectively for the A-YBCO samples in
the second cycle. However, the T}, and T}, for the SG-
YBCO samples appear at 609 and 785°C in the first
sintering cycle. The T, and T}, for the A-YBCO sam-
ples appear at 487 and 871°C respectively in the sixth
cycle, but the Ty, and T}, for the SG-YBCO samples
appear at 597 and 721°C in the second sintering cycle.
The comparison of these characters between the SG-
YBCO and the A-YBCO samples are listed in Table
1.

Table 1. The comparison between the resistivities of SG-YBCO and A-YBCO samples.

Process 1st round of SG-YBCO and 2nd round of SG-YBCO and End testing

2nd round of A-YBCO 6th round of A-YBCO measurement

Parameters | T, /°C  py/(Q-cm) T,/°C  pp/(Q-cm) T /°C  py/(:em) Tp/°C  pp/(2:cm)  pepa/(S2-cm)
SG-YBCO 609 67.79 785 388.8 597 2.59 721 2.772 0.0098
A-YBCO 534 0.1425 871 0.554 487 0.1124 871 0.341 0.0047

The SG-YBCO and the A-YBCO samples have
the same variation trend in resistivity. But the dif-
ference of T}, and T is different. In the second cycle
of the A-YBCO samples, the temperature difference
is AT=337°C, but in the first cycle of the SG-YBCO
samples, the temperature difference is AT=176°C. In
the sixth cycle of the A-YBCO, AT=384°C, but in the
second cycle of the SG-YBCO sample, AT=124°C.

The above results reveal that it is easier for the
SG-YBCO samples to finish the transition from semi-
conducting to conducting at T, and then from con-
ducting to semiconducting at 7}, than for the A-YBCO
samples. The reasons for this are: (1) the SG-YBCO
samples are sintered in a flowing oxygen atmosphere,
but the A-YBCO samples are in ambient air; (2) the
raw materials of the SG-YBCO samples of nanometre
powders are easier to get into solid reaction than those
of the A-YBCO samples of micrometre powders. This
also can be confirmed from the sintering process of
MgB; samples by using nanometre magnesium pow-

ders as the raw material.[!4]

While keeping the SG-YBCO sample at 920° for
about 11.5 h in the first cycle, the resistivity decreases
continuously. This is similar to the behaviour of the
A-YBCO samples kept at constant temperature in the

second sintering process.

In the cooling process of the SG-YBCO sam-
ples, the resistivity continuously decreases from 920
to 505°C, then suddenly turns to increase from 505°C
down to room temperature. The A-YBCO samples in
the cooling processes from the first cycle to the fifth
cycle show the same variation trend. This indicates
that oxygen content is still not enough to keep the
YBCO samples in the conducting state in higher tem-
Obviously, such a kind of YBCO sample

is certainly not in the superconducting state at low

perature.

temperatures.

Figure 2 shows the in situ HT p-T curves of the
SG-YBCO sample which underwent the first cycle of
sintering process, and were then pulverized, reground,
and the gold wires re-pressed into the rectangular sam-

ple for performing the second cycle of sintering. Fig-
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ures 2(a), 2(b), and 2(c) correspond to the heating
process, constant temperature process at 950°C, and
cooling process respectively. The three curves in the
figures are nearly the same as the corresponding curves
of the A-YBCO sample which was sintered in the sixth

cycle in ambient air.']

4.2

than that of the A-YBCO sample. This also indi-
cates that the YBCO crystal grain formation of the
SG-YBCO sample is easier than that of the A-YBCO
sample.

These figures further indicate that the SG-YBCO
sintering process is similar to the A-YBCO sinter-
ing process. In the heating process, the sample ex-
hibits semiconducting at temperatures lower than T5,.
It shows a metallic character at temperatures higher
than 7. If the temperature rises above T}, it becomes
semiconducting again. In the constant temperature
process (950°C) the range of resistivity variation is
smaller than the heating or cooling process. In the
cooling process, the resistivity of the SG-YBCO sam-
ple shows an obvious small peak. For the A-YBCO
sample it appears at 690°C in the sixth sintering cy-
cle, but for the SG-YBCO sample it appears at 437°C
as seen in Fig.2(c). This indicates that the SG-YBCO
sample is different from the A-YBCO sample at the
O-T phase transition. For our A-YBCO sample the
O-T phase transition occurred at 690°C,[®! which is
different from the results of 685°C,® and 700°C.[17:20]
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Fig.2. The in situ HT p-T curves of SG-YBCO sam-

ple sintered in the second cycle in the (a) heating pro-

cess, (b) holding process at 950°C and (c) cooling pro-

Ccess.

It also can be seen that the room temperature
resistivity is much lower, about 88 Q-cm. The resis-
tivity decreases to about 0.12Q:-cm after the heating
process is finished. The resistivity of the SG-YBCO
shows a shoulder of 2.77Q at 725°C from Fig.2 (a).
This means that the metal-semiconductor transition
occurs in the SG-YBCO sample again. This temper-
ature is lower than the A-YBCO sample as shown in
Table 1. For the A-YBCO sample this temperature
appears at about 800°C in every rising temperature
process. This indicates that the transition tempera-
ture ranges from semiconducting-metallic to metallic-

semiconducting of the SG-YBCO sample is narrower
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Fig.8. The in situ HT p-T curves for SG-YBCO sam-
ple after the two sintering cycles. The sample tested in
the whole process (a) for the resistivity—testing-time
p—t curve; (b) for the temperature—testing-time Tt

curve.

In order to confirm that the small peak of HT p-T
curve appearing at 437°C in the cooling process of the
second sintering cycle, the p—t and T—t curves of the

SG-YBCO samples are measured in the whole process,
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as shown in Fig.3. The structures repeat themselves
very well. The small peaks in the p—t curve or p-T
curve are not different from that in the second sinter-
ing process. All the three characteristic temperatures
of the SG-YBCO sample are lower than those of the A-
YBCO sample. This could be ascribed to the smaller
grain sizes of the SG-YBCO samples. We will discuss
this in more detail later.
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Fig.4. X-ray patterns of sol gel YBCO sample before
sintering and after sintering for the first and second
cycles. “*’ Impurity phase.

Figure 4 shows the XRD patterns obtained after
the SG-YBCO sample finishes the two sintering cy-
cles. No diffraction peaks of the YBayCuzO, can be
seen in the XRD pattern of the sol-gel powders. Af-
ter the SG-YBCO sample finishes the first sintering
cycle, the main diffraction peaks of the YBayCuzO,
appears as shown in the x-ray pattern labelled as the
first sintering. After the second cycle sintering, not

only is the intensity of those main diffraction peaks

enhanced, but also the (0, 0, 2) peak appears. This
indicates that the SG-YBCO sample has changed into
real YBapCu3O, sample although there are still some
impurity peaks.

4. Conclusion

We have measured the in situ HT p—T curves of
the sol-gel YBayCuzO, samples sintered in various
temperature ranges. The resulting curves are shown
in Figs.1, 2, and 3 for the 3 consecutive runs of the
sintering cycles. The resistivities of SG-YBayCuzO,
0300=9.8x1073Q:.cm at room temperature and pioo3
=6.68x1072Q-cm at 950°C can be seen from these fig-
ures. According to these results, the O—T phase trans-
formation process can also be studied. The transfor-
mation temperature of the SG-YBCO sample is lower
than that of the A-YBCO sample which has not been
reported previously according to our knowledge. This
could be due to the fine particles of the SG-YBCO
which are chemically active, thus leading to an easier
solid reaction sintering process. The present work sug-
gests that the technology of the in situ HT p-T mea-
surement is an effective probe in the superconducting
research. By this method, the O-T phase transition
temperature has been shown to be lower for the SG-

YBCO than the A-YBCO samples.
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