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Abstract. Undoped and WO3-doped Y-Ba-Cu-O ceramics have been studied by Raman
spectroscopy. The resules show that the peak positions at 499 and 338 cm™! have been shifted for
WQy-doped samples compared with those for undoped samples, which reveals that the oxygen
contents are different for undoped and WO3-doped quenched samples in air. It is suggested that
suitable WO doping can change the oxygen content and reduce the effect of thermal treatments
on the superconductivity of the Y-Ba—Cu-~O system.

1. Introduction

It has been found that the gradual removal (x ~ 0 to x 2~ 1} of oxygen from the class of high-
T superconductors of the YBazCuzO;_, system first leads to a decrease in the transition
temperature and finally to complete loss of superconductivity. The crystal symmetry changes
from orthorhombic to tetragonal under this transition [1,2]. Moreover, the oxygen content
is strongly affected by the thermal treatment of the sample. Different thermal treatments
give different effects on the oxygen contents and superconductivities of the system. As the
orthorhombic transformation takes place at a temperature between 600 and 700°C when a
sufficient amount of oxygen is present, an additional heat treatment at 600-700 °C in oxygen
or slow cooling in flowing oxygen is required to obtain the orthorhombic superconducting
phase [3,41. After having studied the properties of the gquenched YBayCuaOy— system,
Zhang et al [5] found that the samples quenched from temperatures above 880°C had a
typical tetragonal structure, showing no superconductivity above 4.2 K. On the other hand,
impurity doping can change the oxygen content and the superconducting properties of the
YBa;CuyO;_; system [6,7]. It has been found that the addition of WQO; samples directly
quenched from 900°C in an oxygen atmosphere have a transition temperature of 88 K [6, 8].
The element added forms a second phase at the grain boundaries and exerts a considerable
influence on the grain morphology of the materials. The problem remains, however, of
what is the effect of the addition of W03 on the oxygen content of the YBasCuzO7_,
system. Usually, Raman spectra in the range from 100 to 700 cm™' show the vibrations
of Ba, Cu and oxygen and are highly sensitive to the existence of an impurity phase in the
YBa;CusOq_, system. In this work, the Raman spectra of the undoped and WO;-doped
Y-Ba—Cu-0O system prepared by two different procedures have been measured in this range.
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It is found that suitable WO3 doping can change the oxygen content and reduce the influence
of thermal treatments on the Y-Ba-Cu-O system.

2. Experiment

The YBa;Cu3Q;.., powder was fabricated by the coprecipitation method. This powder was
then well mixed and ground with dry WOs; powder in weight ratios [YBaCuO]:[WOs] =
100 — x: x, where x = 0, .5 and 3. After the mixture was pre-heated at 890°C in air for
24 h, it was reground, pressed and sintered at 900°C for 30 h in flowing oxygen. Finally,
the samples underwent two different procedures.

(1) They were quenched to room temperature in air.
(2) They were slowly cooled to room temperature at 2°C min~’ in flowing oxygen.

The AC susceptibility measurements showed that the undoped YBa;Cu;05_, sample
quenched in air shows no sign of Meissner effects above 63 X; however, the transition
temperatures of the doped samples are found to be around 88 X {8]. X-ray diffraction data
showed that WO; does not enter the YBa;,Cu3O;_; lattice and form an impurity phase or
a second phase [9].

The Raman spectrum experiments were conducted using a Spex-1403 spectrometer of
back-rﬂeﬂcction geometric layout. The excitation source was an argon laser operating at
5145 A,

3. Results and discussion

Figure 1 shows the Raman spectra for the samples quenched in air from 200°C to room
temperature. It can be seen that the peaks of Raman spectra appear at 154, 338, 499,
606 and 633 cm™!, besides the sharp lines below 150 cm~! which may be due to laser
plasma lines and the Raman spectrum of air [10]. The characteristic lines at 154, 338 and
499 cm~! have been identified as modes of the lattice vibrations of the superconducting
phase YBa;CusO,-,; [10-12], and the positions of the latter two lines are directly related
to the oxygen content [11,12]. As seen in figure 1, the peak position at 499 cm™! is a
little shifted to a higher frequency while the peak position at 338 cm™! is shifted to a
lower frequency for WO;-doped samples compared with those of undoped samples. We
know that the Raman peak associated with Cu—Q stretching vibration (502 cm™!) decreases
in frequency when oxygen is removed, while the bending—stretching modes of the Cu-O
framework (334 cm™!) harden under the same condition {12,13]. This reveals that the
oxygen contents are different for undoped and WO;-doped samples. The addition of WO,
can increase the oxygen content in the YBa,Cu;Oq-, phase. Also, the lines at 606 and
633 cm™! can be attributed to the modes of BaCuQ; [10, 14). It is found that the intensity
of the peak at 633 cm™! increases with increasing W content. This suggests that the amount
of BaCuO; phase has been increased by the addition of WO;. The W atom may not enter
the YBa;CusO5_, lattice and form a second phase with Y or another element, and the
remaining Ba and Cu may form a BaCuO; phase bestdes the YBaz;Cuz;O7_; phase.

The Raman spectra for the samples slowly cooled in oxygen are shown in figure 2.
The positions of these peaks are similar to those of the specimens quenched from 900°C
in air. The line at 419 cm™! can be attributed to the modes of BaCuOs [10, 14]. Tt can be
seen, however, that the peak position at 501 cm™! is little shifted for WO;-doped samples
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Figure 1. Raman spectra for the quenched samples in air: spectrum A, YBazCusOg_; spectrum
B, YB2;CuzOq—x + 0.5% WO4; spectrum C, YBayCuaOr.. + 3% WO;.
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Figure 2. Raman spectrum for the slowly cooled samples in flowing oxygen: spectrum A,
YBa;Cu3Or-.; spectrum B, YBapCuzOy_; + 0.5% WO3: spectrum C, YBazCuzOyo, -+ 3%
WOs.

compared with those of undoped samples. This reveals that the oxygen content in the
undoped sample has changed litile after WO;-doping.

In summary, the addition of WOj3 can increase the oxygen content and reduce the effect
of thermal treatments on the oxygen content. In other words, the effect of suitable WO,
addition can be equal to that of slow cooling in oxygen, which ensures the absorption of a
sufficient amount of oxygen. Therefore, it can be inferred that slow cooling is not necessary
to obtain the YBa;Cuy0;-.~WO; superconductor with a high critical temperature, We
consider that the rate of absorption of oxygen may be improved by the WOz addition and
therefore the samples quenched in air become superconductors.
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