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Influence of the preparation conditfons
on the diamagnetic response of
hlgh-Tc YBaZCu30x superconductor
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ABSTRACT : Proionged that treatments in oxygen lead
to a substantial increase of the diamagnetic signal
of superconducting YBaZCuaox due to the decrease of
the amount of defects and to the development of
Josephson-like contacts between homogeneous super~
conducting reglons in the sample, The superconducting-
glass features are expected to be considerably re ~-
duced in well crystallized samples at least at liquid
nitrogen temperature,



raroduction

The recent discovery of high T, copper oxide-based superconductors /1,2/ ihas
mulated 2normous worldwide interest in their physical and technological potentisl. The
ikrnagnetic response of these materials is a field of intensive studies and the first published
Moerimental results /3-7/ clearly indicated the existence of suj “rconducting grains weakly

ipled together. The magnetic data for tne La-Ba-Cu oxides /3,4/, shaw all the aspects of

M behaviour of .uperconducting clusters as predicted in /8/, where a similarity in the

aviour of such clusters to that of spin-glases was emphagized. This is related to
ustation” of clusters with closed loops to find, in an applied magnetic field, a state which
ultaneoysly minimizesthe energies ~¢ all pairs of coupled supercanducting grains. The
logy with a spin-glass leads to the concept of superconductive-glass state /3/ whose
ential features are the difference in field-cooled and zero-field-cooled diamagnetic
onses, the existence of a quasi de Almeida-Thouless line separating metastable from
' b{e regimes and nonexponential time dependences. Glassy features for Y-Ba-Tu oxide
gve been alsc reported,but the glass temperature has a field dependence which differs
tantially from that observed in spin glasses. In the case of granular superconductors
freaging the tielt increases the system's frustration, and therefore enhances its glassy
ghavigurs, whereas for a real spin glass the magnetic field siipresses tho spin-glass phase by
gning the spine /9/.
In this paper we report a significant increase of both the Meissner signal and the
ielding” magnetization of superconducting YBaCu3O, after prolonged heat treatments
Toxygen. We also show that the superconducting-glass feature.; seem to be reduced in well
fystallized samples.
The YBayTu3O, meterial is of particular importance from the point of view of a

ryihigh Te which allows some »xpariments in liquid nitragen to be performed and from the

ct-that single-phase spacimens can easily be made /10,11/.
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11. Sample preparation and characterization

Samples were prepared from reagent grade Y03, BaCO3 ard CuO by mixing “he
constituents and reacting in glumina crucibles for various tirmes at temperatures hetween
920 and 960°C in air and/ar flowing oxygen at normal pressure. The cooling time tn ambiznt
temperature was always of 2.5 h, Two types of samples were investigated: in a first protocol
the starting mixture was calcined at 920°C in air for 17 h, The product was lightly orinded,
the resulting powder was compacted at 5 kbar into a 10x5x4 mm3 pellet and sintered in air
at 950°C for 17 h (sample 1a). The same specimen was then maintained at 960°C for 15 h in
oxygen (sampla 1b} and finally annealed at 960°C also in oxygen for another 15 h (sample
lc). The secand type of samples (2-8) were obtained by firing the starting mixtures in air or
in oxygen, the temperature and the time of firing increasing in the sampie-sequence 2 to B,
For example, the sample 2 was jrepared by firing the mixture in air at 920°C for 12 h,
whereas far the sample 8 the initial mixture was reacted in oxygen at 96N°C for 60 h ‘with
three intermediate grindings. After a final light grinding the powders were pressed in
cylindrical plastic buckets (6 mm in diameter and 12 mm long).

The samples in the powder form (2-8) were investigated by x-rey‘diffraction using a
Siemens Kristallofiex IV diffractometer provided with a copper target anﬁc'anning elect.ron
microcopy {SER). All the sampizs were single-phase and orthorhombic in crystal structure
but exhibited significant variation of the width of the c.ffraction peaks. We c=3lculated the
integral breadth (in 28 scale} of the peak (020)/(0D6) which accounts mainly for the defect
situated along the L and c axes, The peak width was corrected for the instrumental factor
by means of a NaCl referer:e sample. The pure diffraction breadth ( Pcor) was used as a
indicator of the amaunt of defects. Large values of Bcqr correspond to large densit;qo

defects.



F xperimental resuits and discussion

~ The d.c. magneti_ation curves were traced at liquid nitrogen temperature. The
gples were zero-fie!d-cooled and subsequent:v & longitudinal magneiic field up to 8BC Ce
H a|;plied hy means of a copper solenoid with & sweeping rate of 50 Qe/sei. T2 shieiding

tization was cantinuousty registersd using an electronic inteygrating amplifier. Cooling
E:"\Dles in magnetic field the Meissner sigral at /7 K was alse measured.

- In figure } we show the magnetizatizn curves iar the bulk sintered samples la, lb

lc. Both the absolute value of the magnetization and the fiel. value at which the
netization minimum appears increase with time of sintering. As it is known /8/ a similar
‘id dependence of ihe magnctic moment is choracteristic for frustated superconducting

fters. The low-field limit to reach a complete Meissner effert is He) = ®5/25, where Qg

e flux quantum and S is the homogeneous superconducting area /3. However, increasing
sintering time in oxygen is expected to increase S and therefore the magnetization
yrum should be shifted towards lower magnatic field values. The resvits from figure 1 do
Jcorroborate this.
_ Tne d.c. magnetization curves for the samples 2-8 are presented in figure 2. The
e inc.‘ease of the shielding magnetization signal with time of firing was observed.

A significant i.crease of the Meissner signal for well crystallized samples appears
] !fj “.jure 3, the flux expulsion data at 300 Oe as 2 function of the parameter ecor were
fieo. While X.ray diffraction studies revealed single phase specimens, the flux expulsion
i snow that - du to the variation in composition or in the oxygen defect ordering - only
e homogeneous ~egions in the crystailites expel the flux. The effective \olume of such
Jons increase at prolonged beat treatments.
Ou: picture invokes homoyeneous superconducting regions coupled together via
gechison-like contacts which can be driver normai by the applied magnetic fieid. Figure 4
@ws thalt our powdered samples consist essentially from large assemblies of crystallites

ered together {grairsi. Contacts between homogeneous superconducting regions in the




crystaliites, ceiwe o tne crystailtles tncice (e grain and Letweer wratns L bulk sioereo
samples) can exivt. The contacts Letween graite which are driven normal at very low field
values explain the anamalies in M(H) curves traced tor bulk sintersg samples /5/ and the low
critical current density measured on polycrystalline specimens /12/. In the case of our
samples la, 1b and lc such anomaly (not iliustrated in fig.l) appears at 10-15 Oe and, of
course, disappears on powdering.

At moderate heat treatments (samples 2-5 in fig.2) only reiative weak contacts were
developed and the porition of the magnetization minimum is mainly dictatec by tae Mcissner
signal, Prolonged heat treatments produce the strengtnening of the contacts, increase their
numk 2r and, consequently, the shielding magnetization signal increases and the minifnum is
shifted towaras higher field values.

At even higher field values, most of the contacts were driver normal and the
shielding magnetic moment approaches the Meissner signal (fig.5).

The rea! picture seems to be, however, not so simple, The complications arise from
the grza! anisotropy cf these layerad superconductors and{A‘!;:'r{r'\Vensional effects., As shown in
/13/ from exneriments performed on single-crystel specimens a large anisotropy in the Hg)
values appears, The crystallites with the Cu-0O planes oriented perpendicular to the magnetic
field have a Hgj value larger than those with the Cu-Q planes oriented parallei to the field.
The random orientation of the crystallites, the complicatea distribution of the internal
magnetic field, different values of the "internal" demagnetizalion factor and dimensional
effects (the mean dimension of the homogeneous superconducting regions is comparable with
the penetration depth) lesad to the large maximum observed in the magnetic field
dependence of the absolute value of the Meissrer signal (fig.5).

In order to explain the temperature dependence of the initial slope in the
magnetization curves of La-Ba-Cu oxide a model based on an array of weaklv coupied,
roughly spherical superconducting grains whose average radius is comparable with the
penetration depth has been proposed /6/. In /7/ the tempe:ature dependence cf the magnetic
susceptibility was found to be in axcellent agreement w:tf\ this model, However, thr

Vir
assumption of complete isolation of the crystallites is ferto-be correct in our sanples anc
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-5.
¢ telieve that the contacts also plav an importent role in describing the low field
+gﬂetizauon curves of ceramic superconductors.

In conclusion, we observed a sianificant increase of the .iamagnetic signal of
goer tonducting YBarCui0, after prolontec heal t-eatments in oxygen. This 1s mainly

useG by the increase of the effactive veoiume which expels the flux and by the

!hveicpment of Josephson-jike contacts betv.con homogeneous superconducting reyions in the
Ample. The superconducting-glass features :re expected to be considerably reduced in these

Arnplas,

It is worth noting that prolonged heat treatments in oxygen also lead to an
b
.
;ftremely sharp superconducting transition /14/. For exampi2, the powder which cons*iturd
e sample 8 conmpacted at 5 kbar and zintered in oxygen at 960°C for 15 h shows a resistive

Jansition width (between the 90% and 1C% signals) AT < 0.5 K.
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FIGURE CAPTIONS

Weak-field magnetization curves of the bulk sinteted samples 18, 1b and lc.
Weak-field magnetization curves of the powdered samples 2.8,

The dependence of the maximum Meissner signal at 300 Oe on the diffraction

breadth,
Scanning electron micrograph of the semple no.8.

The shiald*ng magnetization (M) and the Meissncr signal @) versus applied magnetic

fiald for the samples no.2 and no.8.
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