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Effect of matrix composition on the flux pinning in a (Nd, Eu, Gd)Ba,Cuz0, superconductor
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In order to study the effect of matrix composition on flux pinning in tNel, Eu, GdBa,Cu;0, (NEG-123
bulk superconductors, we prepared two groups of samples with various rarefR&jtiratios using the
oxygen-controlled-melt-growtfilOCMG) process. For the first group, we kept the Nd content constant and
varied the Eu/Gd ratio, and for the second group the Gd content was kept constant and the Nd/Eu ratio was
varied. All the samples exhibited strongly developed fishtail effects and high critical current densities. Mag-
netization measurements revealed that the irreversibility field and the peak position systematically varied with
Nd and Gd content. Scaling analyses suggested that two different pinning mechanisms are active in the
NEG-123 system depending on the RE ratio. ThoseAdrg pinning and normal-type pinning, however, we
found that field-induced pinning also behaves like normal-type pinning on scaling analysedwhenlarge.
In conclusion, a difference in the peak position on scaled curves can be explained in terms of a difference in
AT, of field-induced pinning centers.

Practical applications of higfi; superconductors require ger than that provided by oxygen vacanciés® This is due
large critical current densityJ¢) and high irreversibility to the fact that the presence of oxygen defects deteriorates
field at high temperatures. Recent experiments have demothe superconducting properties of the parent phase. Since the
strated thatNdy 3£ Uy 3660 39Ba,Cus0, bulk superconduct-  enhancement of the peak effect requires the introduction of a
ors exhibit superior superconducting properties tolarge amount of oxygen vacancies, there is a limit in the
YBa,Cu0;_ 5 (Y123) or NdBaCu0;_ 5 (Nd123.M* enhancement of the peak effect without deteriorafipg

A scaling of the pinning forceK) versus the reduced  Chemical fluctuation or the distribution of RE128clus-
field, h=H,/Hi, whereH, is the applied field antl isthe  ters in the RE123 matrix is affected by the kind of RE ele-

irreversibility field, provides useful information about the ments, and therefore, the control of the matrix composition is
flux-pinning mechanism. Scaling studies have been per;

. ' important for improving the flux pinning. It may be possible
formed on various high-. superconductors, and good scal- 5 frther enhance flux pinning of NEG-123 simply by con-
ing was found in many rare-eartfRE) 123 crystals. In

Y-Ba-Cu-O, the peak inF.—h curves is located ah trolling the ratio of RE elements in the matrix. Previous in-
- - -0, p— 0 i i -
—0.33, which is typical for normal point pinningNd123 vestigations of NEG-123 samples showed that the Nd and

with enhanced fishtail effect exhibits the peakhgt=0.42, éﬁ;’sigg;ﬁ?? ts greatly affected the pedk and the peak
which was the highest peak value amongst melt-process o .
RE123 and was g goog proof dfT, pinni%g.ﬁ Howzver, With this in mind, we prepared two sets of NEG-123

recent studies showed that the peak was surprisingly higﬁ‘?mples to exp_lore the effect of chemical ratio on the flux-
and located ah,=0.5 for NEG-123 samplésSuch a high pinning properties. In the first set we fixed the amount of Nd

ho value has not been observed in other highsupercon- and changed the concentration of Eu and Gd. In the second
ductors. A similar scaling witth,=0.5 was also observed S€t the amount of Gd was kept constant and the ratio of
for NEG-123 samples with second phase partidl&he Nd/Eu was varied. We t_her_1 performed scaling analyses of
scaledF,—h curve of Nd123 shows a peak &t=0.42, the normalized volume pinning forces,,, versus a reduced
which is an indication ofAT-type pinning orAx pinning  field h=Ha/H;, for NEG-123 samples.
provided by the compositional fluctuation in the maftiin High-purity commercial powders (§) of Nd,Os,
contrast, Nd123 composite with 15 mol % Nd422 particlesEw,03,  Gd,O;, BaCQG, and CuO were pre-dried
showed a peak ah=0.33, showing that normal defects and weighed to have nominal composi-
dominate the pinning mechanism in this matefial. tions of (Ndy 33 EU,, Gty g6-x) BaCUs0Oy and

The peak effect in the RE123 materials originates eithefNdy g5« ,EU,Gd 39 BaCus0, in which x ranged from 0 to
from field-induced pinning by RE-Ba chemical fluctuation or 0.33. The details of the sample preparation and the oxygen-
oxygen deficiency in the superconducting RE123 matrix.controlled-melt-growth (OCMG) process were described
The presence of RE-ricR, ,Ba,_,Cu;0, (RE1239) clus- elsewheré? The OCMG process was performed under con-
ters of 10—50 nm diameter has been confirmed both by scartrolled oxygen partial pressure of 0.1% @ith a gas flow
ning tunneling microscopyand TEM(Ref. 10 observations. rate of about 300 ml/min. For oxygen annealing, the samples
Furthermore, Chikumotcet al’! have confirmed that the with dimensions &xbxc)=1.5x1.5x0.5mn? were cut
peak effect disappears in Nd123 after high-temperature arfrom as-grown crystals and annealed in flowingdas in the
nealing, by which RE128s clusters are annealed out. In gen- temperature range of 300—600 °C. Magnetization hysteresis
eral, AT, pinning provided by chemical fluctuation is stron- loops were measured mainly at 77 K in applied fields up to
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parallel to thec axis. It is evident that all the samples show a
strongly developed secondary peak effect. The peak position
and the irreversibility field systematically shift to lower
fields with increasing either Nd or Gd content, which shows
that the NEG-123 sample with Nd:Eu:&d.:1:1 exhibits the
best pinning at the highest fields. However, the highgsif
90000 Acm? was achieved in the NEG-123 sample with
Gd=0.58 at 77 K and 1.7 T. These results show that the
flux-pinning properties of NEG-123 can be modified by
changing the matrix ratio and may be controllable to suit
J.-H properties for the end use applications.

With the aim of further studying the effect of RE concen-
tration on the flux pinning in the NEG-123 system, we per-
formed scaling analyses of normalized volume pinning
forces,F,, versus reduced field=H,/H;; for two sets of
NEG-123 samples at 77 KFig. 2). H,, is obtained from
magnetization loops with a criterion of 100 Ac#a It was
found that the peak field in the scaling curves shifted from
hy=0.50 to lower values with either increasing Gd or Nd
content, which suggests thAfl . pinning is the most promi-
nent for the NEG-123 sample with Nd:Eu:&d:1:1.

The NEG-123 material with the matrix mixing ratio close
to 1:1:1 show the peak &i;=0.5, which is a strong indica-
tion of T, variation throughout the sample. The samples with
Nd=0.43 and 0.48 samples show the maximum peak at 0.33,
which suggests that the normal-type pinning centers are
present. The Gd-rich sample shows a peak ardwyl0.4,
which is an indication oA T, and normal-type pinning cen-
ters. Although the background normal-type pinning is usu-
ally present in the sample due to crystal defects, we believe
that the main pinning centers are still RE-rich RE4&8lus-
ters in all the NEG-123 samples with different RE ratios.
This is supported by the fact that all samples exhibit clear
secondary peak effect in that the peak position is dependent
on AT, of the clusters. When the clusters are driven normal
at low fields, that isAT, is large, they behave like normal
conducting pinning centers on scaling analyses, so that the
peak field lies ah=0.33.

The pinning mechanism is more extensively analyzed
with the scaling curve by fundamental pinning components
FIG. 1. Field dependence of the critical current densiy ( as projected by Dew-Hughé$The formula is based on the
=77K, H, parallel to thec axis for various NEG-123 supercon- Vvariation of F,/F, .. for each pinning component as a

ductors. Note that record high critical current density around 90 00dunction of reduced field and is described by
A cm™? at the peak field 1.7 T. All samples are prepared by Ar
0.1% partial pressure of O

(Ndy, EuGd, )Ba,CuO
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Fp/Fp, ma—=ChP(1—h)9, (2)

7 T using a commercial superconducting quantum interfer-

ence device magnetomete(Quantum Design, model \hereh is a reduced fieldp and q are the parameters de-
MPMS7). To minimize field inhomogeneities, the SCan scribing the pinning mechanism ahg,q= p/(p+q), andC
length was restricted to 1 cm. The external magnetic fields 3 numerical parameter. The solid lines in Fig. 2 are fitting

was applied parallel to the axis of the samples. The mag- cyrves with variousp and g parameters. The best fit was
neticJ. values were estimated based on the extended Beanignd to bep=q=2 for NEG-123 with Nd:Eu:GeF1:1:1,

critical-state model using the following relation: andp=1 andg=2 for the NEG-123 with Net0.48. This
again suggests that different pinning centers are active in the
J.=2Am/a%d(b—a/3), (1) NEG-123 samples depending on the chemical ratio. One is

associated with a local variation in superconducting transi-
whered is the thickness of the sample aad&ndb are cross tion temperature due to the formation of RE-rich RE423
sectional dimensiong=a.'® clusters with depressen., which isAT, (Refs. 16 and 1)7
Figure 1 shows the critical current density characteristicor Ax pinning!® The other pinning center is normal conduct-
of the NEG-123 samples measured at 77 K for fields appliedng.
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- C\*= X= Gd=0.66) samples in a temperature range of 65—90 K. The scaling
- 0}3 o x=0.23 is found to be excellent; yielding peaks fa=0.45 for Gd=0.38
0.2F & x=0.08 and 0.40 for Ge-0.66.
B <
J v x=000 for the sample with Nd:Eu:Gd1:1:1 in the entire tempera-
00- : 012 M . & TIN ture range of 65-90 K, and the peak position washgt
2 04 06 08 1 =0.50.
h Like Nd-rich NEG-123 samples, the peak position shifts

to lower h value as the Gd content is increased. The present

NEG-123 samples do not contain RE211 inclusions, so that

FIG. 2. Normalized pinning force as a function of reduced fieldnormal conducting particles are not responsible for a de-

of various NEG-123 superconductors at 77 K. The notations of the€rease inh value. These results also support the fact that a
scaled curvessolid line) are a forp=q=2, b for p=1.45,q=2, difference inAT, of RE-rich RE123s clusters.

andc for p=1, q=2. In summary, magnetic measurements of NEG-123

samples with various RE mixtures suggested that flux-

pinning behavior is dependent on the chemical ratio in the

However, as already mentioned above, the strongly deveMatrix. From scaling analyses two types of pinning mecha-
oped peak effect is observed in tiigH curve even in the nisms seem to be active in NEG-123 material, since the peak

: : - ition shifted fromhy=0.50 down to 0.27, however, this is
NEG-123 sample with Ne0.48, for which the scaling be- P°%! . 0 : . '
haves like that of normal conducing pinning. Thus one ca simply due to a difference i T of RE-rich RE128s clus-

conclude that the type of dominant pinning center is identicaﬂerS that act as field-induced pinning centers.

and field-induced pinning type even thoufh varies from This work was supported by New Energy and Industrial
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K. The scaling curves for these samples are presented in Figrogram administrated by the Agency of Industrial Science
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