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Abstract

The internal friction and shear modulus of a series offNd,Ba,Cuz O, (x=0.0-1.0) superconductors were measured over the temperature
range of 300—-700K at frequencies of 0.032—10.0 Hz using a forced torsional vibration method. Anelastic relaxation peaks due to oxygen
migration were observed attemperatures from 410 to 520 K. The Arrhenius plots of logarithmic relaxation time versus inverse peak temperature
for the internal friction peaks showed an unsystematic shift with an increase in the neodymium composition, while changes of the average
cell structure exhibited a linear relationship when plotted versus the average ionic radius for trivalent rare earth ions with the coordination
number eight.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction our measurements were conducted within a limited frequency
region.

Internal friction measurement is a powerful tool for the Here, we report the systematic results of anelastic mea-
investigation of defect dynamics in electrically conductive surements of NdY123 conducted over the frequency range
crystals. Several groups have performed anelastic measureef 0.032-10.0 Hz employing a forced torsional vibration
ments employing different techniques to investigate oxy- method. This study provides confirmed results on the anelas-
gen migration (and defects) in YBE&wO, (Y123) [1-11] tic relaxation of NdY 123 observed between the temperatures
and RBaCwOy (R123, R =rare eartlfl2-15] Oxygen mi- of410 and 520 K, which is associated with oxygen migration.
gration behavior in R123 is considerably influenced by the Itis demonstrated that partial substitution b¥Yons on Nd
ionic size of the rare earth iofi2—14] Although the ac- sites significantly affects oxygen migration in NdY123.
tual role of rare earth substitution in oxygen relaxation in
R123 is still unclear, changes in atom position and the in-
terlayer distances of the orthorhombic phdté,17] may 2. Experimental
affect oxygen migration. Previously, we reported system-
atic results obtained in internal friction measurements of  NdY123 powders were synthesized by solid-state reaction
Nd,Y1-,BaCuz0, (NdY123,x=0.0-1.0J18]. Theinternal  from NdhbOs and Y»Oz (Shin-etsu Chemical Co., 99.9%), and
friction peak temperature measured at 200 kHz showed an unBaCQ; and CuO (Waco Chemical Co., 99.9%). Using a die
systematic shift with anincreasexgfvhile changesintheav-  press, we formed 4 mm 30 mmx 0.5 mmbar of NdY123
erage cell structure exhibited a linear relationship when plot- at 100 MPa. All of the samples except for the Y123 were
ted versus the average ionic radius. In this earlier experiment,sintered at 1213 K for 15h in flowing argon. This process

conducted in reduced oxygen at partial pressure is essential
* Corresponding author. Tel.; +81 52 736 7180; fax: +81 52 736 7182, t0 inhibit partial substitution on Ba sites by Rfdions [19].
E-mail address: m-inagaki@aist.go.jp (M. Inagaki). The Y123 specimens were sintered at 1193 K for 15h in air.
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All of the sintered specimens were heated at 823 K for 15 hin o —
flowing oxygen and then cooled in the furnace. The oxygen 1::‘“’“ 7
content of the samples was determined by themogravimet- 113
ric (TG) measurement. Internal friction and shear modulus 003 - 1 =
were measured at frequencies ranging from 0.032t010.0Hz ¢ N 5
using a forced torsional vibration method with a commercial 5 | :.T_,:‘i"" A 1M g
apparatus (MR-500, Rheology Co., Ltd, Japan). The lattice = 002 - R I*“":':?; Y Zg
parameters for the orthorhombic phases were determined by § I R ." “.ﬂ et 1o 2
the least squares method using diffraction peaks. = L ,,.'... " "v'++ ~.-'- SN ', ] 8
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The lattice parameters and oxygen content obtained for 6 18 222 24 26 28 3
our NdY123 specimens are summarizedlable 1 X-ray 1000/T (K)

diffraction indicated the orthorhombic phase of NdY123. The o o
unit-cell parameters increased with an increase in Nd com—;gr ;;()'P%ﬁ:gg;gig i‘::;ﬂgggﬁoégge;;g;;?slt_énz’.e;sg_;ezmper'
position, while the orthorhombicity decreased. The oxygen (,) 0.10 ) and 0.032 Hz (+).
content of our NdY123 samples annealed in oxygen was de-
termined to be 6.86:0.04 or greater. The oxygen content experiment)H the activation enthalpyy the pre-exponential
of the NdY123 samples after internal friction measurement factor, and the Boltzmann’s constant. The fitting parameters
agreed with the starting composition within the error limits for the NdY123 series measured at 0.32 Hz are summarized
of the TG measurement. in Table 1

In dynamic torsional-elasticity measurements conducted  Fig. 2shows Arrhenius plots of the logarithmic relaxation
at 0.032-10Hz, an internal friction peak appeared be- time (logr) versus the inverse peak temperaturelglfor
tween 410 and 520 K depending upon the measurement frethe internal friction peaks of our NdY123 samples. The ac-
quency. This peak is associated with oxygen migration in tivation enthalpyH and pre-exponential factap calculated
the basal plang¢l-15]. Fig. 1 shows the internal friction  from the Arrhenius plotsKig. 2) are summarized ifiable 1
and shear modulus plotted against inverse temperature forThe activation enthalpy values calculated from the Arrhenius

a Ndy.gYo.2BapCuz0O, sample. plots are roughly twice as large as the apparent activation
We calculated the parameters of the internal friction peaks, enthalpyHj, calculated from the internal friction peaks for
i.e., peak temperaturg,, activation enthalpy, (the sub- which a single Debye peak is assumed. It should be noted

script “a” denotes the apparent value), and relaxation ampli- that theH value determined according to the Arrhenius law
tudeA as a single Debye peak, using Et) by applying the is averaged over a distribution of activation enthalpy depend-
least-square fitting technique to the internal friction data:  ing on the local distribution of defect structures. Thus, the

At difference betweeH andHj, probably reflects a wide distri-

0 1= —— (1) bution of hopping oxygen ions — and, therefore, defects — in
1+t the local environment.
H The unit-cell parameters of the NdY123 samples de-
T=T10 eXp<kT) 2) creased with increasing3 composition. The average cell

structure exhibited a linear relationship when plotted ver-
where 7 is the relaxation timew the angular frequency sus the average ionic radius for trivalent rare earth ions with
(w = 21tfm, fm denotes the measurement frequency used in thethe coordination number eigf20]. Recently, Fita et al. re-

Table 1

Lattice parameter and oxygen content of,Mg_,Ba,CuzO, specimens

Specimen Lattice parameter (nm) Oxygen content 7}, (K) Hj (eV) A H (eV) logto
a b c

NdBaCuwsO, 0.3869 0.3921 1.1746 6.810.04 434+ 3 0.65 0.036 1.33 -15.8

Ndop.8Y 0.2BaxCuz0, 0.3859 0.3915 1.1737 6.820.04 441+ 3 0.59 0.043 1.17 -13.6

Ndo 6Y 0.4BaCusO, 0.3852 0.3909 1.1719 6.890.04 430+ 3 0.57 0.016 1.65 -19.6

YBaCuzO, 0.3824 0.3892 1.1686 6.910.04 464+ 3 0.43 0.097 1.17 —-13.0

Also shown fitted peak parameters (peak temperafpractivation enthalpyf, and relaxation amplitude) as a single Debye peak for the internal friction
peak measured at 0.32 Hz. Activation enthatpgnd preexponential factap determined from the Arrhenius plots.
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1.0 4. Conclusion
0s L This work provides systematic data on internal friction
i for a series of Ndv;_,BaCusO, (x=0.0-1.0) (NdY123)
00 2 superconductors over the frequency range of 0.03—-10.0 Hz.
i Anelastic relaxation peaks due to oxygen migration in the
o i NdY123 samples were observed between the temperatures
0T of 410 and 520K. The activation enthalpy obtained from
S - log t—1/T curves showed an unsystematic shift with an in-
1.0 crease ofr, while changes in the average cell structure ex-
hibited a linear relationship when plotted versus the average
15 | ionic radius. This indicates that oxygen relaxation in NdY123
I is influenced not only by the average cell structure, but also
2.0 by the local environment (i.e., defects) around the relaxing
oxygen ions which is altered by the co-doping of Nd and Y.
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