
CENTRAL INSTITUTE OF PHYSICS : ^ 

INSTITUTE FOR PHYSICS AND TECHNOLOGY OF MATERIALS 

Bucharest , P.O.Box MG-7, ROMANIA 

- CS-13-1987 November 

Influence of the preparation conditions 

on the diamagnetlc response of 

hlgh-Tc YBâ2Cu30x superconductor 

L.MIU, S.POPA, M.POPESCU, E.PAVEL 

ABSTRACT : Prolonged ttHtt treatments in oxygen lead 
to a substantial increase of the diamagnetic s ignal 
of superconducting YBa„Cu_Ci due to the decrease of 

A U X 

the amount oî defects and to the development of 
Josephson-like contacts between homogeneous super
conducting regions in the sample. The superconducting-
glass features are expected to be considerably re -
duced in well crys ta l l i zed samples at l eas t at l iquid 
nitrogen temperature. 



ntroduction 

The recent discovery of high T c copper oxide-based superconductors /1 ,2 / has 

: mutated enormous worldwide interest in their physical and technological potential. The 

i magnetic response of tfiese materials is a field of intensive studies and the first published 

i jerime.ital results /3-7 / clearly indicated the existence of suj ^conducting grains weakly 

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

• i behaviour of superconducting clusters as predicted in / 8 / , where a similarity in the 

l Fiaviour of such clusters to that of spin-glases was emphasized. This is related to 

I ustation" of clusters with closed loops to find, in an applied magnetic field, a state which 

i nultaneoysty minimizeithe energies '- ; all pairs of coupled superconducting grains. The 

i alogy with a spin-glass leads to the concept of superconductive-glass state / J / whose 

: sehtial features are the difference in field-cooled and zero-field-cooled diamagnetic 

( sponses, the existence of a quasi de Almeida-Thouless line separating metastable from 

\ able regimes and nonexponential time dependences. Glassy features for Y-Ba-Cu oxide 

i ve been glsc reported,but the glass temperature has a field dependence which differs 

i tata.ntia.liy from t!".at observed in spin glasses. In the case of granular superconductors 

r :rea»ing the fielo increases the system's frustration, and therefore enhances its glassy 

haviouTt, whereas for a real spin glass the magnetic field s»;presses tho spin-glass phase by 

> igning the spina / » / . 

In this paper wa report a significant increase of both the Meissner signal and the 

liaiding" magnetization of superconducting YBa2CujO,( after prolonged heat treatments 

oxygen. We also show that the superconducting-glass feature.; seem to be reduced in well 

ystailized samples. 

The YBa2Cu30x mpterial is of particular importance from the point of view of a 

ry high T c which allows s.onu- -wperiments in liquid nitrogen to be performed and from the 

let-that single-phase specimens can easily be made /10 ,11 / . 

http://tata.ntia.liy
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I I . Sample preparation and characterization 

Samples were prepared f rom reagent yrade Y2O3, BaCD3 a r ' d C t J 0 by mixing '.he 

constituents and react ing in alumina crucibles for vprious t imes at temperatures between 

920 and 960°C in air and/or f lowing oxygen at normal pressure. The cooling t ime to ambient 

temperature was always of 2.5 h. Two types of samples were invest igated: in a f i rs t protocol 

the s tar t ing mix ture was calcined at 920°C in air for 17 h. The product was l ight ly grinded, 

the result ing powder was compacted at 5 kbar into a 10x5x4 m m ' pel let and sintered in air 

at 950"C for 17 h (sample l a ) . The same specimen was then maintained at 960°C for 15 h in 

oxygen (sample l b ) and f inal ly annealed at 960°C also in oxygen for another 15 h (sample 

l c ) . The second type of samples (2-8) were obtained by f i r i nq the star t ing mixtures in air or 

in oxygen, the temperature and the t ime of f i r i ng increasing in the sampie-sequence 2 to 8. 

For example, the sample 2 was prepared by f i r i ng the mix ture in air at 920°C for 12 h, 

whereas for the sample 8 the in i t ia l mix ture was reacted in oxygen at 96n°C for 60 h w i th 

three intermediate g r i n d i n g . A f t e r a f ina l l ight grinding the powders were pressed in 

cy l indr ica l plast ic buckets (6 mm in diameter and 12 m m long). 

The samples in the powder fo rm (2-8) were invest igated by X-ray d i f f rac t ion using a 

Siemens Kr is ta l lo f lex IV d i f f rae tometer provided w i th a copper target and/scanning electron 

microcopy (5EW). A l l the samples were single-phase and orthorhombic in crystal s t ructure 

but exhibi ted s igni f icant var iat ion of the width of the E f f r a c t i o n peaks. We calculated the 

integral breadth ( in 28 scale) o f the peak (020)/(006) which accounts mainly for the defects 

si tuated along the L> and c axes. The peak wid th was corrected for the instrumental factors 

by means of a NaCI reference sample. The pure d i f f rac t ion breadth ( pcor) w a s used as an 

indicator of the amount of defects. Large values of Scor correspond to large densi t j^of 

defects. 



experimentai results and discussion 

The d,c. magnet i -â t ion curves were t raced at l iquid nitrogen temperature. The 

• pies were «ero-f ieîd-cooled and subsequent,v a longitudinal magnetic f ie ld up to bOC Oo 

i applied hy means of a copper solenoid wi th e sweeping ra te of 50 Oe/se i . The îhieidiny 

I inet izat ion was continuously registered using an electronic integrat ing amp l i f i e i . Cooling 

: samples in magnetic field the Meissner signal at V? K WQS also measured. 

- In f igure J we show the magnet izat ion curves far th"? bulk sintered samples J a, l b 

i l c . Both the absoKite value of the magnet izat ion and the f ie l i value at which the 

I inet izat ion min imum appears increase w i th t i m e of s inter ing. As i t is known /B / a similar 

> d dependence of ihe magnetic mornent is character ist ic for f rustated superconducting 

i te rs . The low- f ie ld ' im i t to reach a complete Meissner ef fect is H c j = <S0/2S, where 0 O 

I ie f lux quantum and S is the homogeneous superconducting area / 3 / . However, increasing 

s sinter ing t ime in oxygen is expected to increase S and therefore the magnet izat ion 

i r rurr should be shi f ted towards lower magnetic f ie ld values. The results f rom figure 1 do 

: corroborate this. 

The d.c. magnet isat ion curves for the samples Z-8 are presented in f igure 2. The 

e increase of the shielding magnet izat ion signal w i th t ime of f i r i ng was observed. 

A signif icant i .crease of the Meissner signal for wel l crysta l l ized samples appears 

, '.<• V-jure 3, the f lux expulsion data at 300 Oe as a funct ion of the parameter Ş cor w ° r e 

] lea. While X-ray d i f f rac t ion studies revealed single phase specimens, the fli'X expulsion 

i snow that - du>. t o the var iat ion in composit ion or in the oxygen defect ordering - only 

ie homogeneous regions in the crysta l l i tes expel the f lux. The e f fec t ive volume of such 

ons increase at prolonged heat t reatments. 

Oui p ic ture invokes homogeneous superconducting regions coupled together via 

ep^son-!'ke ccntacts which can be dr iven normal by the applied magnetic f i e ld . Figure 4 

*s that our powdered samples consist essentially f r om large assemblies o r crystal l i tes 

ered together (grains). Contacts between homogeneous superconducting regions in the 



crystal l i tes. -.e.vM^-. tnt' crystai i r .es iri i ct: : '» • r.-Mr, j n i i •jetu/cf-r u:;-);:'is '' I'I bull. s;. .LEI !-•:• 

samples,1 cati exssl. The contacts between grains which are driver, tiui-mal ai vary low f ie ld 

values explain the anomalies in M(H) curves t raced (or bulk sintered sampler / 5 / and the low 

c r i t i ca l current density measured on polycrystal l ine specimens , '12/. In the case of our 

samples l a , l b and l c such anomaly (not i l lustrated in f i g . l ) appears at 10-15 Oe and, of 

course, disappears on powdering. 

At moderate heat t reatments (samples 2-5 in fig.2) only re la t ive weak contacts were 

developed and the posit ion of the magnet izat ion minimum is mainly d ic tated by t i e Msisaner 

signal. Prolonged heat t reatments produce the strengthening of the contacts, increase their 

nume îr and, consequently, the shielding magnet izat ion signal increases and the minimum is 

shi f ted towards higher f ie ld values. 

A t even higher f ie ld values, most of the contacts were driven normal and the 

shielding magnetic moment approaches the Meissner signal ( f ig.5). 

The real p ic ture seems to be, however, not so simple. The complicat ions arise f rom 

the grset anisotropy c f these layered superconductors and dimensional e f fec ts . As shown in 

/13 / f rom experiments performed on single-crystal specimens a large anisotropy in the H c | 

values appears. The crysta l l i tes w i th the Cu-O planes oriented perpendicular to the magnetic 

f ie ld have a H c | value larger than those w i th the Cu-O planes or iented paral lel to the f ie ld . 

The random or ientat ion of the crysta l l i tes , the compl icated dist r ibut ion of the internei 

magnetic f ie ld , d i f ferent values of the " i n te rna l " demagnetizat ion factor and dimensional 

e f fec ts (the mean dimension of the homogeneous superconducting regions is comparable w i th 

the penetrat ion depth) lead to the large maximum observed in the magnetic f ie ld 

dependence of the absolute value of the Meissner signal (f ig.5). 

In order to explain the temperature dependence of the in i t ia l slope in t in-

magnet izat ion curves of La-Ba-Cu oxide a model based on an array of weaklv coupled, 

roughly spherical superconducting grains whose average radius is comparable wi th tht-

penetrat ion depth has been proposed / 6 / . In / 7 / the temperature dependence of the magnetic-

susceptibi l i ty was found to be in excellent agreement w i th thl» model. However, t in 

n i, 
assumption of complete isolat ion of the crystal l i tes is fer - to-he correct in our san-ples w*'-

http://crystaiir.es
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. ? believe that the contacts also play an important role in describing the low field 

r agnetization corves of ceramic superconductors. 

In conclusion, we observed a sianif;eant increase of the iJiamagnetic signal of 

per conducting Y8a;>CuîO», after prulonnec heat t -eatments in oxygen. This is mainly 

: usee by the increase of the effective volume which expels the flux and by the 

! velcpment of Josephsorvlike contacts be tv / cn homogeneous superconducting regions in the 

. inple. The superconducting-glass features re expected to be considerably reduced in these 

: mplas. 

It is worth noting that prolonged heat t reatments in oxygen also lead to an 
. ! • 

j tremely sharp superconducting transition /14/ . For exampi^, the powder which constitupd 

e sample 8 compacted at 5 kbar and Entered in oxygen at 960°C for 15 h shows a resistive 

. ansition width (between the 90% and 1C*> signals) ATC < 0.5 K. 
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FIGURE CAPTIONS 

g. I Weak-field magnet izat ion curves of the bulk sintered samples l a , l b and l c . 

ly . 2 Weak-f ie ld magnet izat ion curves of the powdered samples 2-8. 

i g . 3 The dependence of the maximum Meissner signal at 300 Oe on the d i f f rac t ion 

breadth. 

ig . 4 Scanning electron micrograph of the sample no.8. 

i j . 5 The shield'ng magnet izat ion (M) and the Meissner signal (•) versus applied magnetic 

f i e l d for the samples no.2 and no.8. 
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