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Variation of the unit cell parameters of the REBa,Cu,0O, (RE = Gd, Er)
ceramics in function of the oxygen content
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High temperature Gd,Ba,Cu,0, and Er,Ba,Cu,O, (v = 6.5 + J) superconducting ceramics were prepared via solid-
state reaction. The amount of oxygen in the synthesized samples was varied as they were kept at 460+5 °C in flowing
argon. The oxygen non-stoichiometry content, & was determined by measuring the absorption of the blue colored
I, -starch compound. The unit cell parameters were determined from powder XRD patterns. A correlation between
¢ unit cell parameter and y-oxygen coefficient in Er,Ba,Cu,0, and Gd,Ba,Cu,0, ceramics was established. The
derived new relations can be used for the rapid semi- quantltatlve analysis of the oxygen content in the mentioned

ceramics.

Key words: superconducting ceramics, oxygen stoichiometry coefficient, I, -starch compound, X-ray.

INTRODUCTION

Since the discovery of Y ,Ba,Cu,O, (y = 6.5+9)
high temperature superconducting ceramics (HTSC)
many attempts to improve their critical temperature
(T) and current (J,) have been made: by optimizing
the preparation procedure and conditions, by doping
with different atoms, by introduction of pining
centers, by replacing Yttrium with rare earths such
as Er, Gd, etc. [1]. One of the key moments in the
production of rare earth HTSC is the determination
of oxygen content as the superconducting properties
are correlated with its value. When the oxygen
coefficient y is in the range 6.5-7.0, RE Ba,Cu,0,
(RE=Y, Er, Gd, etc.) ceramics are superconducting
and their structure is orthorhombic. An orthorhombic
to tetragonal phase transition, occurring around y =
6.5 is responsible for the loss of the superconducting
properties.

Many wet methods have been developed for the
determination of the non-stoichiometric oxygen co-
efficient J in RE,Ba,Cu,0, samples [2-5]. Oxygen
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content could also be obtained by methods such as
Raman spectrometry and X-ray diffraction if ap-
propriate mathematical relations “oxygen content—
physical parameter” are preliminary found [6, 7].
Such mathematical relation between c-axis unit
cell parameter (determined from Inorganic Crystal
Structure database (ICSD) data) and the y-oxygen
coefficient (determined by iodometric titrations)
has been derived data for Y ,Ba,Cu,0, HTSC [7]. It
will be usefully to find the relations “oxygen con-
tent—c-unit cell parameter” for other RE,Ba,Cu,0,
HTSC, to verify if the relation can be extrapolated
for other RE. We decided to compare the relation
with Gd,Ba,Cu,0, and Er,Ba,Cu,0, HTSC because
the ionic radii of Gd (0.938 nm), Er (0.890 nm)
and Y (0.900 nm) are similar [8]. Unfortunately a
limited number of orthorhombic Gd,Ba,Cu,0, [14,
19-23] and Er,Ba,Cu,0, [9-18] structures have
been reported in the ICSD thus no satisfactory cor-
relation between c-unit cell parameter and oxygen
content could be derived. Therefore the aim of the
present work is to produce RE,Ba,Cu,0, (RE = Gd,
Er) superconducting ceramics with different oxygen
content, to determine their oxygen coefficient, y and
c-unit cell parameter, and to derive the relations be-
tween y-coefficient and c-parameter.
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EXPERIMENTAL
Samples preparation

A solid-state reaction was used to prepare the
Gd,Ba,Cu,0, and ErBa,Cu,0, HTSC samples.
The triple heat treatment regime with intermediate
grindings was used. The first step includes mixing
and milling of appropriate amounts of Gd,O,, Er,0,,
CuO, BaCO,, and calcination in flowing oxygen at
900 °C for 21h. The second step of the heat treat-
ment was conducted at 930 °C for 21h in the same
atmosphere, followed by annealing at 450 °C for 2h.
The last step (third) started with grinding and press-
ing of the powder in pellets, followed by sintering
at 940 °C for 23 h, slow cooling to 450 °C and hold-
ing at that temperature for 23 h. Pieces of the syn-
thesized superconducting samples were grinded and
kept at 460+5 °C in flowing argon for various times
(0-120 h) then quenched to room temperature.

Critical temperature
measurement (T,)

The critical temperature 7, was obtained from
resistivity measurements by the Four probe contact
method. The temperature was stabilized by typical
scheme including PID controller with 10mK accura-
cy [24]. Both synthesized samples RE,Ba,Cu,0, are
superconducting and the values of their critical tem-
perature 7, are as follows: 91.5K for Gd,Ba,Cu,0,
and 90.4 K for Er,Ba,Cu,0,.

Samples analysis
by spectrophotometric method

The non-stoichiometric oxygen coefficient,
0 was determined by the spectrophotometric
method based on the formation of the I, -starch
compound [2]. The samples are dissolved in

HCI and KI solution under inert atmosphere
and the iodine liberated is bounded with Starch
in a blue colored compound. The absorption is
measured by differential mode and the non-sto-
ichiometric oxygen coefficient 0 is obtained as
a relation of two absorptions.

Samples analysis by X-ray method

Powder X-ray diffraction (XRD) data were re-
corded at room temperature using Bragg-Brentano
geometry with Co Ka radiation. Step scans were
performed over the angular range 8 < 26 < 70 for
ErBa,Cu,0y and 8 < 26 < 90 for Gd,Ba,Cu,0,
with the step size of 0.02 °/sec. The diffractograms
were indexed using DICVOL [25] and the obtained
unit cell parameters were refined using the X’pert
Highscore program [26]. The peak shape was de-
scribed by a pseudo-Voigt function. The back-
ground level was defined by a polynomial function.
For each diffraction pattern the scale factor, the
peak asymmetry and the unit-cell dimensions were
refined while the instrumental zero shifts were kept
constant.

RESULTS AND DISCUSSION

The average results for non-stoichiometric
coefficient d for Gd,Ba,Cu,0, and Er,Ba,Cu,0
HTSC samples (initially synthesized as wel
as annealed under argon flow) obtained by
the spectrophotometric method are listed in
Table 1. Each result is a mean value of at least
three parallel determinations. The standard
deviation is in the limits of £0.002. A decrease
of the oxygen coefficient y in function of the
annealing time is observed (Fig. 1).

From the trends observed in Fig.1a it is visible that
for Gd,Ba,Cu,0, the process of oxygen release is very

Table 1. Non-stoichiometric coefficient 6 and unit cell parameter for c-axis

Samples Annealing time, nn)n-sluich.iumc‘tric c-unit cell
[h] coefficient & parameter

0 0.420 11.670(2)

12 0.365 11.682(2)

Er Ba,Cu;0, 24 0.293 11.686(4)
48 0.214 11.695(2)

72 0.183 11.697(2)

0 0.376 11.692(4)

12 0.243 11.708(7)

Gd;Ba,Cu;0, 36 0.239 11.710(8)
96 0.225 11.720(5)

120 0.206 11.724(2)
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Fig. 1. Decrease of the oxygen coefficient y (a) and crystallite size (b) of the studied HTSC in function of

the annealing time

rapid during the first 12 h. After the 12" hour the oxygen
decrease is time-consuming. For Er,Ba,Cu,0, the loss
of oxygen at the beginning is almost proportional to
the annealing time. The plateau in the oxygen content
variation starts around the 48 h of the annealing.
This difference of oxygen loss may be related to the
differences in crystallite size and thus to the specific
surface area and porosity.

The results of XRD analyses of the all
Er,Ba,Cu,0, and Gd,Ba,Cu,0, samples are shown
on Figures 2 and 3, respectively. The peak positions
and intensities of the obtained phase correspond
well to these of the known superconducting erbium
and gadolinium 123 HTSC phase. All samples were
indexed as orthorhombic with @ ~ 3.82 b ~ 3.88 and
¢ ~ 11.68 [1]; the values of the refined c-axis unit
cell parameter are listed in Table 1. As expected the
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Fig. 2. XRD patterns of the synthesized and annealed in
flowing argon Er,Ba,Cu,0, sample
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c-axis cell parameter increases with the decrease of
the non-stoichiometric oxygen coefficient o.

The variation of crystallite size obtained from
the XRD patterns is shown on Fig. 1b. After an
initial increase of the size the tendency is reversed
and the diminution is somewhat consistent with
oxygen content depletion and reaching of a plateau
(probably a stage before orthorhombic to tetragonal
phase transition).

Based on the spectrophotometric and XRD data
the regression equations of the correlation between
the non-stoichiometric oxygen coefficients ¢ and ¢
cell parameter for the studied HTSC were obtained
(Table 2). The equations y = f(c) were also derived
(Table 2) and are shown on Figure 4. One can see
that the graphical relation for Er,Ba,Cu,0, is very
close to that of Y,Ba,Cu,0, HTSC plotted from the
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Fig. 3. XRD patterns of the synthesized and annealed in
flowing argon Gd,Ba,Cu,0, sample
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Table 2. Results of the correlation

Regression equation Error Equation
c=ko—kd ko ki y=f(c)
ErBa,Cu;0, c=11.718 -0.1078 0.004 0.013 y=116.01-9.346 ¢
GdBa,Cu;0, ¢=11.755-0.172 8 0.010 0.038 y=74.843 - 5814 ¢
Table 3. Values of the difference Ay: Ay = yEr/Gd — yY
c-axis value [A] 11.675 11.680 11.685 11.690 11.695 11.700 11.705 11.710
Ay=yg —yr -0.015 0.003 0.021 0.038 0.055 0.073 0.091 0.108
AV= Yga—Vy ~0.084  -0.084 -0.084 -0.084 -0.084 -0.084 -0.084 —0.085
700 . ErBacuO CONCLUSIONS
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Fig. 4. Variation the oxygen content in function of the
c-axis parameter

equation y = 75.250-5.856¢ [7]. The Gd,Ba,Cu,0,
relation is a little distant from that of Y, Ba,Cu,0, —
almost parallel to it. The differences between y co-
efficients calculated by the equations for gadolin-
ium/erbium and ref. 7 yttrium ceramics are given
in Table 3. In view of the fact that the difference
Ay in almost all cases is greater than the errors of
the spectrophotometric and XRD methods one can
conclude that relation “oxygen content — ¢ cell pa-
rameter” is specific for each ReBCO. Interestingly
the observed deviations are in accordance with the
difference between the ionic radii of Gd-Y and
Er-Y and Y, with respective values of 0.04 nm (for
Gd) and 0.01 nm (for Er). The development of a
more complex relation, taking into account addi-
tional physical, chemical, structural etc. param-
eters may be envisaged with the accumulation of
additional data.

The crystallite size of ErBa,Cu,0, and
Gd,Ba,Cu,0, ceramics diminishes with depletion of
oxygen. Both the oxygen content, y and crystallite
size reach a “plateau”, more rapidly for samples
with smaller crystallites.

A correlation between c-unit cell parameter
and y-oxygen coefficient in Er,Ba,Cu,0, and
Gd,Ba,Cu,0, ceramics is established. The new
derived equation can be used for the rapid semi-
quantitative analysis of the oxygen content in
the cited HTCS ceramics. The relation “oxygen
content—c cell parameter” obtained for Y,Ba,Cu,0,
HTSC could not be employed to calculate precisely
the oxygen content value, y for Er,Ba,Cu,0, and
Gd,Ba,Cu,0, superconducting samples. )
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N3MEHEHUA HA ITAPAMETPUTE HA EJIEMEHTAPHA KIIETKA
HA REBa,Cu,0, (RE = Gd, Er) KEPAMHWKHU B 3ABUCUMOCT
OT KUCJIOPOAHOTO CbABPXKAHUE
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(Pe3srome)

Bucoko temneparypun Gd,Ba,Cu,0, u ErBa,Cu,0, (y = 6.5 + ) cBpbXIPOBOAUMU KEPAMUKH OsIXa MOTYYEHH.
KomngecTBoTo Ha Kncmopo B oOpa3nuTe 6€ MpOMEHsSHO KaTo obpas3mure Osxa oTrpsBann Ha 460+5 °C B aproHoa
aTMocdepa. HectexnoMeTpuyHOTO KHCIIOPOTHO ChABPIKAHKE, J, O orpesieneHo ciekTpodoromerpuuno. [Tapamerpure
Ha eJIEeMEHTapHa KJIETKa 0sXa ONpe/eTICHH Ype3 IIPaxoBa peHTreHosa qudpakis. V3zsenena 6e 3aBUCHMOCTTa MEXK LY
¢ TIapaMeThbpa Ha eJIeMEHTapHaTa KJIeTKa M ChJIbP’KaHUEeTO Ha KUCI0poJ, y. [lonmyyeHnTe 3aBUCHMOCTH MOTaT Jia ce
M3I0JI3BAT 32 OBP30 MOIYKOIMIECTBEHO OMPEIEIITHE HAa ChABPKAHUETO Ha KUCIOPOI.
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