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Changes in bulk single grain YBCO superconductor at exposition to air were studied. The increase of the
sample weight caused by reaction with air moisture was observed by weighing the samples over two months period.
Thermal analyses and mass spectrometry of the exposed samples has shown evolution of water and oxygen during
sample heating. Observation with scanning electron microscope con�rmed the formation of some nanosize phases at
the inner sample surfaces. XPS spectra done on the freshly cleaved and on the air exposed (001) surfaces con�rmed
changes in Ba and Cu bonds. Observed structural changes did not caused systematic changes in measured trapped
�eld.
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1. Introduction

As the oxidation process is important for magnetic
properties of YBCO superconductor, an experiment
aimed on the change of weight by the oxidation process,
was performed. During weighing of samples we found
that samples are continuously increasing their weight
while exposed to air in laboratory. To eliminate the un-
wanted e�ect we decided to examine this phenomenon.

2. Experiment

YBCO bulk samples of 18 mm in diameter were pre-
pared by top seed melt grow (TSMG) process from
the standard composition: 1 mol YBa2Cu3Ox (Y123),
0.25 mol Y2O3 and 1 wt% CeO2. After oxygenation for
150 hours at 400 ◦C the samples were weighed during
2 months period, while being exposed to air in our lab-
oratory. Scale readability was 0.01 mg (Mettler Toledo
XS105DU). An approximation was done on the points
measured during �rst 25 hours and extrapolated to the
further measured points. An approximation formula is
m = msat(1− e−(t−t0)/τ ), where m is the sample weight,
msat is the saturated sample weight, t is time, t0 is start
time and τ is the time constant. After that, thermal anal-
yses with mass spectrometry of escaped gasses were real-
ized. The cleaved sample surfaces were analysed by scan-
ning electron microscopy and by X-ray photo-emission
spectroscopy. The trapped �eld distribution of the bulk
samples was mapped by the Hall probe scanning. The
samples were cooled to liquid nitrogen temperature in a
magnetic �eld of 1.4 T applied parallel to the c-axis. The
trapped �eld pro�les were scanned 15 min after switch-
ing the external �eld o� at a distance of 0.1 mm from the
sample surface.
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3. Results and discussion

Exposed weight increases by about 0.08% after two
months. As shown in Fig. 1 the measured points are
above the extrapolated curve. So there is no simple sat-
uration value and thus the adsorbed water reacts with
the samples.

Fig. 1. Weight vs. time dependence of one sample.

The SEM observation of cleaved surfaces of the sam-
ples exposed to air atmosphere con�rmed presence of
small nano-sized particles on the inner surfaces of the
oxygenated samples (Fig. 2). Since the samples contain a
network of oxygenated cracks [1] with large inner surface
area, the reaction of these surfaces with the air moisture
can be responsible for the observed increase of weight.
XPS analyses found changes in binding energy, when

spectra from the exposed surface and freshly cleaved sur-
face were compared (Fig. 3).
Thermal analyses with mass spectrometry (Fig. 4.)

shows the evolution of water at 100 ◦C which can be
related to the escape of water adsorbed on surface. At
higher temperatures, water and oxygen evolution was ob-
served which can be related to decomposition of some
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Fig. 2. SEM image of exposed YBCO bulk surface.

Fig. 3. XPS spectra on freshly cleaved and air exposed
(001) surfaces of YBCO bulk samples.

compounds [2] formed at exposition. Weight reduction
of samples after thermal analyses was only 0.01%, so we
suppose that the most of reaction products still remain
in samples and only some of them located at the sample
surface were decomposed.
Magnetic trapped �eld pro�le was measured on some

samples. A sample was cooled down to 77 K by liquid

Fig. 4. Thermal analysis of YBCO bulk sample with
mass spectrometry analysis a) for water b) for oxygen.
Solid lines are for Ion Current and dotted for Tempera-
ture with corresponding colours.

nitrogen during trapped �eld measurement. It is hard to
avoid water condensation after removing samples from
liquid nitrogen. Therefore, the sample weight increases
about 0.04 %. Interval between 1st and 2nd measurement
was several days. Di�erences in trapped �eld values (Ta-
ble) are rather due to inaccuracies in the measurements,
than to degradation of the samples.

TABLE

Magnetics trapped �eld of measured
samples

sample
Max. of trapped mag. �eld [mT]

1st measurement 2nd measurement

1 506 502

2 444 408

3 616 641

4 349 307

4. Conclusions

In�uence of the exposition of YBCO superconductor
to air was studied on bulk single grain samples. Weigh-
ing of samples showed hygroscopic e�ect. Extrapolation
of the weight vs. time dependence showed that there is
no simple saturation value. Thermal analyses with mass
spectrometry proved evolution of water at 100 ◦C, re-
lated with the free water from the surface and at higher
temperatures evolution related with the water in com-
pounds. Observation with scanning electron microscope
con�rmed formation of some nanosized phases at the in-
ner sample surfaces of the bulks. The XPS spectra done
on freshly cleaved and air exposed (001) surfaces con-
�rmed changes in Ba and Cu bonds at the surfaces. Mag-
netic measurements of the trapped �eld did not reveal
any systematic changes in measured trapped �eld of the
samples.
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