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Abstract : Present work is focused on understanding variefescts and their effectiveness in pinning the flux
lines at different applied magnetic fields. Nanatigte of Ceria were added to YRauO;,/ Y,BaCuQ (Y211)
composite synthesized through preform optimizedtiafion growth process in 2, 5 and 10 weight %d an
Critical current densities {Jin these composites were measured at 65 and Th&micrographs obtained on
these composites at different magnifications ingicafinement in Y-211 particle size and preserfcgefects

in various length scales, starting from few nanseseto few microns. It has been proposed thattimeent
density obtained in superconducting samples cacolrelated to the size of the flux pinning defemtsurring

in them which is indicated by peak field where mauxm pinning occurs. The samples in the presentystud
exhibited a stable;Jalues to high fields due to the presence of mplgltpeak fields. The present work brings
fourth the origin of such stablg tb high magnetic fields and their correlation witle observed flux pinning
centers.
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Introduction and Experimental Details

The critical current density .Jis an important parameter which determines theeria of
superconducting oxides with high critical temperesu(T,) for practical applications. Elimination of weakKs
in sintered sample consequent improvement. avete achieved by Jin et al. [1] with the procesed melt
textured growth (MTG). Melt processed REB&O,.4RE-123 for the present study RE=Y) containing Pt,
CeQ, ZrO, and BaCe@have been widely studied because of the abilitthebe additives to considerably
refine Y.BaCuQ(Y-211) grain size in the final product thus enhethcurrent densities in the materials.
Infiltration and Growth (IG) process developed afterds has addressed issues regarding shrinkages, po
voids and larger Y-211 sizes in the final prodwadirfcated through MTG process [2]. In order to @unsf to
high fields, finer structural defects with contimsosuperconducting matrix is much desired. Hencis it
interesting to study the effect and influence @igrrefining nanoparticles in continuous matrixsirstaining J
to high fields.
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Emission Scanning Electron Microscope (FESEM).
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2, 5 and 10 wt. % of Cefanoparticles were added to the Y-211 powder tiirahe solution route
and then pressed into pallets to form preformd@oprocess following a preform optimized Infiltrati growth
process(POIGP) as described by Devendra et alf3he following discussions, for the sake of cameace,
the preform samples containing 2, 5, and 10 wt. &tacwill be referred to as Ce-2, Ce-5 and Ce-10
respectively. Four probe DC electrical resistivatyd AC susceptibility measurements were carriedroatder

to obtain T of these composites. The current densitigss(fpported by the samples Ce-2, Ce-5 and Ce-40 as
function of applied magnetic field, were estimatedm magnetic hysteresis loops recorded at differen
temperatures using a PPMS facility. Microstructwstldies were carried out under Carl Zeiss mad# Fie

Results and Discussion
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The present work is aimed at understanding thellies at high fields. It is known from the litenae
that fine defects of the order of coherence leigfmesponsible for pinning flux. The electricabrgivity and
ac susceptibility of the samples Ce-2, Ce-5 and Cevere measured as a function of temperature rghdts

are shown in Figs. 1 (a) and (b) respectively.

(a)

80
Temp (K)

(b)

g
ggE
3
S
g

o,
;]

09 0 00000

= Ce2
o Ce5
o Ce10

T
90
Temp(K)

T T
100 110

Fig. 1. (a) The electrical resistivity, an¢b) the real part of ac susceptibility of tsamples Ce-10 (diamond),
Ce-2 (square) and Ce-5 (circle) are plotted wiipeet to temperature.

A shift in the diamagnetic transition to below 92aKd considerable width of the transitionxinvs. T
can be observed predominantly in Ce-2 and Ce-thdrCe-10 sample, there is a considerable amouytl&f3
phase with T close to 92 K, whereas in Ce-2 and Ce-5 sampldsstantial part of the material consists of
lower T, phases. This can possibly be attributed to thsotlison of Ce in the Y-123 phase forming solid
solutions having lower T Cerium substitution in Y-123 lowers the [b].
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Fig. 2. J. is plotted against applied magnetic field for Haenples Ce-10 (red), Ce-2 (blue) and Ce-5 (green) a
(a) 65 K, andb) at 77 K.

The J(H) obtained in samples Ce-2, Ce-5 and Ce-10 & 66d 77 K are shown in Figs. 2 (a) and (b)
respectively. Since, the observed variation (i) is not systematic with ceria content; we hagpeated the
complete experiment and confirmed that such an atmm JH) behaviour of the Ce-5 sample is reproducible.
Fig. 3 shows the FE-SEM image of the Ce-5 sampt®mmparison with those of the Ce-2 and Ce-10 sasgile
the same magnification. It is observed from the lmagnification picture of the Ce-5 sample that ehisr
considerable amount of macro-porosity occurring essult of improper infiltration. On the other dahe Ce-2
sample shows very little porosity, and the Ce-Iiga, almost none at all.
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Fig. 3. It can be observed that there are very few macpsatefects in th¢a) Ce-2 sample ant) the Ce-10
sample(b) Large areas with macroscopic defects can be obdemnvthe Ce-5 sample may be due to improper
liquid phase infiltration.

It has been reported [6] that the current dendittpioed in superconducting samples can be corcetat¢éhe
20,
V3(an)?
which the maximum pinning occur<), is the flux quantum anal: is the vortex lattice spacing. High current
density in the POIGP samples to high fields issalteof flux pinning defects occurring in the samgpanning

wide size ranges [3]. The high values pWés correlated to the occurrence of wide spreaghing in the Y-
123 matrix. Electron Back Scatter Diffraction (EBSfuggested that the occurrence of fine defectsnarthe
Y-211 particles was associated with dense disiohuof fine Y-211. The Ce-10 and Ce-2 samples skpw
values almost independent of H up to 9 T at 65 s Thight be correlated with the fine grainX um) size of
the Y-211. Fig. 3 shows twinning in all the Geddped samples, which indicated the presence efsfiructural
defects of the order of few lattice units. Absentenacro defects and observed twinning in Ce-2 @adl0
samples due to homogeneously distributed Y-211lrembparticles account for the observed flathich is
almost independent of applied field up to 9 T ak6%\ detailed study of flux pinning is under wayascertain
the above claims.

size of the flux pinning defects occurring in thehe equatioan = , Where His the peak field at
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