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Abstract

Anomalous elastic response has been observed in superconducting Hd&&£u;O07_5 (x = 0 and 0.15) from temperature dependent
ultrasonic velocity measurements between 80 and 270 K. Longitudinal velocity of superconductingCHgi®a; (7 zero ~ 89 K) showed
an anomaly around 230K indicating a pronounced lattice stiffening. Superconducting gdEBgysCusO7_5 (T¢zero ~ 70 K) also showed
a similar longitudinal velocity anomaly around the same temperature. No anomaly was observed for oxygen-reduced non-superconducting
HoB&Cu;0;_;. Temperature dependent shear velocity profiles and absolute velocity measurements at 80 K are also reported and the influence
of oxygen content on elastic properties is discussed.
© 2004 Elsevier Ltd and Techna Group S.r.I. All rights reserved.
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1. Introduction On the other hand, the effects of chemical substitu-
tions on the physical and superconducting properties of
Ultrasonic investigation at low temperatures is useful in REBaCuzO7_5 have been extensively reported. Reason-
providing valuable information on various dynamic prop- able interest was focussed on occupancy of Rét Ba-site
erties of materials. The ultrasonic method is sensitive to of REBgCuO7_s to investigate the importance of the
changes in elastic properties and can provide clues for bet-atomic-site in the (123) structurf8-5]. However, the
ter understanding of the phenomena of high-temperature su-question still remains whether the magnetic®REons at
perconductivity. Studies on REB@uzO7_;s (RE-rare earth)  the Ba-sites really have fatal effects on superconductivity.
and other high-temperature superconductors showed severahlthough there are reports on the effect of chemical substi-
elastic anomalies near and above 200K4] and references  tutions on absolute velocity values and temperature depen-
therein). The elastic anomalies above 200K are observed todent velocity profiles of high-temperature superconductors
be related to the oxygen content and are interpreted to bethe number is quite limitefs,7]. Thus, an ultrasonic study
caused by some form of oxygen ordering in the materials. on RE(Ba_,RE,)CuzO7_s would be of particular interest
The studies confirm the major role played by oxygen not to provide further understanding on the importance and role
only on superconductivity of high-temperature superconduc- played by the Ba-site.
tors but also on its elastic properties. Nevertheless, the na- This paper reports on the longitudinal ultrasonic wave
ture of the mechanisms which control the elastic anomalies velocity measurements in superconducting Ho(B&lo,)
remains an open question. CwO7_s (x = 0 and 0.15) and non-superconducting
HoBaCuzO7_s with the aim to investigating the effect of
oxygen content and Ba-site substitution on the elastic prop-
* Corresponding author. Tek:60-3-55444613; faxi-60-3-55444562. erties of these materials. Results from electrical resistance
E-mail addressahmad191@salam.uitm.edu.my (A.K. Yahya). (dc), powder X-ray diffraction (XRD) and microstructure
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investigations using scanning electron microscope (SEM)
are also presented.
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2. Experimental procedure
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2.1. Samples preparation
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The HoBa_,H0,CuzO7_5 (x = 0 and 0.15) samples
were prepared by mixing appropriate amounts oG
BaCQ; and CuO powders with purity 99.99%. The mate-
rials were ground in a mortar then calcined in air at around |
900°C for 48h with several intermittent grindings and ©
oven cooled. The powders were then pressed into pellets
of 13mm diameter and 2—-3 mm thickness under a load of
8-9tons. The pellets were sintered at the same temperature
for 24 h and slow cooled to room temperature af@h.

The oxygen-reduced non-superconducting sample was pre-
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pared by reheating the HoP@usO7_s; sample at around
900°C for 30min and quenching it immediately in liquid 20 (degrees)
nitrogen. Fig. 1. X-ray powder diffractograms of (a) superconducting
HoB&Cu3O7_s5, (b) non-superconducting HoB@uO7_s, and (c)
2.2. Characterization HoBay gsH0p.15Cus07_5. Impurity peaks are indicated by asterisk (*).
Electrical resistance (dc) measurements of the samples 1.2

were carried out using the four-point-probe technique with

: . . 4 (©)
silver paint contacts. The samples were also examined 09 /ga——:“f”'

by X-ray powder diffraction with Cu K radiation using

0.6+ - (a)
Siemens D 5000 diffractometer. SEM micrographs were i
recorded using a JEOL model JSM 6400 scanning electron 0.37
microscope. 0.04 ==
4

The ultrasonic velocity was measured using a Matec 7700
system which utilizes the pulse-echo-overlap technique.
The transducer was bonded on polished sample surface us-
ing Nonaqg stopcock grease. Sound velocity was propagated
along the direction of pressing usidgcut (longitudinal) or
Y-cut (shear) transducer with a carrier frequency of 10 MHz.
The velocity measurements were performed in an Oxford 1
Instrument liquid nitrogen cryostat model DN 1711 and the o 100 1% 200 250 300
temperature was changed at a rate of around 1 K/min during

Temperature (K)
warming and cooling. No thermal expansion correction was _ _
made. Fig. 2. Normalized resistance vs. temperature curve of (a) superconduct-
ing HoB&CuO7_s, (b) non-superconducting HoB@uzO7_s, and (c)
HoBa; gsH0p 15CuzO7_s samples.
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3. Results

shows a 80-fold increase compared to HeBazO7_;.
3.1. Phase identification and electrical resistance Quenched HoB#CuwsO7_;s is non-superconducting down
measurements to 30K and it is not expected to superconduct because of

high resistivity value at room temperaturtable 1shows

Powder X-ray diffraction patternsF{g. 1) showed all ~ the Tczero Tconset resistivity at 300K, density and lattice
samples consist of essentially single phased (12 3) struc-parameters of all samples.
ture. Electrical resistance versus temperature measurements
(Fig. 2 for HoBaCuzO7_s showed metallic normal state 3.2. Ultrasonic velocity measurements
behavior withTc zero Of 89 K. HoBa gsH0g 15CusO7_s ex-
hibited less metallic normal state behavior withof 70 K. The absolute values of longitudinal and shear velocities
Room temperature resistivity for HoBgsH0p 15CuzO7_s at 80K are tabulated ifiable 2 The polycrystalline ceram-
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Table 1

Values of critical temperatur@§erq), Onset critical temperaturd{onse), Foom temperature resistivity, density and lattice parameters of (a) superconducting

HoB&CuzO7—s, (b) non-superconducting HoB@uzO7—_;, and (c) HoBagsHOp 15CuO7_s

Sample Tezero (K) Teonset (K) Resistivity (nt2cm) Density (g/cm) Lattice parameters

a(® b (&) c ()
(a) HoBaCuzO7_s 89 93 0.8 5.6 3.83 3.88 11.68
(b) HoB&CuzO7_; - - 29x 10* 5.4 3.87 3.87 11.82
(c) HoBa gsH0p 15CusO7_s 70 77 6.4x 10 5.3 3.87 3.88 11.68
Table 2

Longitudinal velocity ¢), shear velocity fs), longitudinal modulus @), shear modulus{), bulk modulus B), Young's modulus Y) and Debye
temperaturgfp) measured at 80K of (a) superconducting HeBa;O7—_s, (b) non-superconducting HoB@uzO7_s, and (c) HoBagsHO0p 15CusO7_s

Sample v (km/s) vs (km/s) CL (GPa) u (GPa) B (GPa) Y (GPa) op (K)
(a) HoBaCuzO7_s 4.15 2.52 95.7 35.3 48.7 85.3 348
(b) HoOB&CuzO7_;5 3.95 2.33 84.6 29.5 45.2 72.8 322
(c) HoBa gsH0p.15Cu3O7—5 4.55 2.49 109 32.8 65.8 84.4 347

ics can be treated as an isotropic material having two inde-
pendent elastic stiffness mod@i (= pv?) andu (= pvd),
whereC, is the longitudinal modulusgy is the shear modu-
lus, p is the mass density, is the longitudinal velocity and

vs is the shear velocity. The related elastic stiffness mod-
uli, bulk modulus B) and Young’s modulusY) were deter-
mined using the measured ultrasonic wave velocity values.
The acoustic Debye temperatutg ) was calculated using
the standard formula:

h 3N\ Y3
w= (1) ()

whereh is the Planck constark,is the Boltzmann constant,
N is the number of mass poiny, is the atomic volume and
vm IS the mean velocity. The mean velocity is given by
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The Debye temperature 6) of superconducting

HoBaCuO7—;5 evaluated at 80K is 348K and is compa- ducting HoBaCusO7_s, (b) non-superconducting HoB&usO7_s, and
rable to REBaCuwO7_5 (RE = Y, Gd) superconductors  (c) HoBa gsH0p.15CUsO7_s.
[8,9]. Substitution of Ho for Ba in HoBggsH0p 15CuzO7—_
suppressedzero by 19K but did not cause a large change
in 6p.

The reduction of oxygen content of HoBauzO7_s by
quenching caused a decrease in bothithes, related elastic
moduli anddp (Table 3. On the other hand, the Ba-site
substitution in HoBagsHop 15CusO7_s caused an increase
in v, CL andB (Table 2 accompanied by a decreaseuif
wandy.

Superconducting HoB&usO7_s showed a change in lon- ‘ ‘ ‘ ‘ ‘
gitudinal velocity of 2.3% Fig. 39 between 80 and 270K 100 125 150 175 200
and a change in shear velocity of around 1.5%¢ (49 be- Temperature (K)
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Fig. 3. Temperature dependence of longitudinal velocity for (a) supercon-

tween 80 and 205 K. Longitudinal velocity showed a change Fig. 4. Temperature dependence of shear velocity for (a) superconduct-

in slope around 230K, below which, the velocity showed a ing HoBaCusO7_5, (b) non-superconducting HoBBuO7_s, and (c)
large increase indicating pronounced lattice stiffening ten- HoBa gsH0.15Cs07-s.
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dency. A longitudinal velocity hysteresis was observed be- and pores. The estimated grain sizes for superconducting
tween 140 and 230 K. HoB&CuzO7_s and non-superconducting HoBauzO7_;
After quenching to reduce the oxygen content, non- were between 5 and 10m and no significant varia-
superconducting HoB&u3O7_s showed a change in lon- tion in microstructure is observed for the two samples.
gitudinal velocity of 1.8% Fig. 3b between 80 and 270K  HoBa; gsHOp 15CusO7_s showed slightly smaller grains
and a change in shear velocity of around 1.2 (4b) be- with an average grain size of aboupuh. Fig. 5 shows the
tween 80 and 205 K. No velocity anomaly was observed for SEM micrographs of superconducting HoBazO;_s and
both modes. The longitudinal velocity hysteresis observed HoBa; gsH0op 15CuzO7_s.
for superconducting HoB&usO7;_s was not observed
when oxygen content was reduced.
HoBa; g5H0p 15CusO7_s showed a change in longitudinal 4. Discussion
velocity of 2.0% between 80 and 270 Ki¢g. 39 and a
change in shear velocity of around 1.5% between 80 and4.1. Absolute velocity at 80 K
195K (Fig. 49. Longitudinal velocity showed an anomalous
change in slope around 230K indicating pronounced lattice  The decrease im, andvs (Table 2 upon quenching of
stiffening tendency. No longitudinal velocity hysteresis was HoBaCuzO7_s may not be due to major differences in

observed. porosity because the same pellet was used for preparation of
the superconducting and non-superconducting samples. As
3.3. Microstructure such, the decrease in the longitudinal velocity observed for

non-superconducting HoB&uzO7_s may be caused by a
SEM micrographs of the internal section of the sam- volume dependent mechanism which involves reduction in
ples showed irregular shaped grains accompanied by voidsthe mean copper valence as a result of oxygen O(4) removal
from the Cu-O chains during quenching. The reduction of
¥ - : Eu average Cu valence caused an increase in ionic radius of Cu

—

ions which acts to change some interatomic distances and
bonding length. A reduction in the absolute values of ultra-
sonic velocities due to similar removal of oxygen have also
been observed for REB&usO7_s (RE =Y, Gd) [9,10].

The increase in longitudinal velocity for HoBgsHog 15
CuzO7_s (Table 9 may be due to cell volume change as
a result of substitution of the smaller Bfo (ionic radius:
0.894 A) for B&* (ionic radius: 1.34A). The substitution
may also have altered some interatomic distances and bond-
ing lengths in HoOBaCuzO7_; and this volume change was
detected by the longitudinal phonofisl].

4.2. Effect of oxygen content and Ba-site substitution on
230 K elastic anomaly

A comparison of the temperature dependent velocity
profiles between superconducting and non-superconducting
HoBaCuzO7_s showed strong influence of oxygen content
above 140K for both modes. The 230K longitudinal veloc-
ity anomaly in superconducting HoBausO7_s could not
be due to a structural transition since no structural anomaly
is reported around 200K. A possible explanation to the
230 K anomaly could be due to oxygen ordering in the sam-
ple. The temperature dependence of longitudinal velocity is
dominated by vibrational anharmonicity at low temperatures
but above 180K, an oxygen-related mechanism dominates
causing the 230 K anomaly. A similar velocity anomaly ob-
served in YBaCuzO7_s around 200 K was suggested to be
a first order phase transition involving oxygen ordering in
the temperature range of 200-23QK2]. Specific oxygen
Fig. 5. Scanning electron micrograph of (a) superconducting f€arrangement patterns in Cu—O chains forming different
HoB&Cuw07_5 and (b) HoBagsHop 15CUsO7-—s. orthorhombic superstructures have been suggdétgd A
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