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Abstract

We have investigated the magnetic field dependence of the critical current
density J; in (Nd, Eu, Gd)Ba,CuzOy samples with various Nd: Eu: Gd ratios in
the rare earth site at 77.3 K. It was found that all the samples showed well-
developed peak effect depended on the chemical ratio in the matrix. We have
also showed that a maximum flux pinning can be achieved in the whole
magnetic field when 3 mol% NEG-211 particles were dispersed in a (Nd, Eu,
Gd)BayCuzOy matrix with an optimum Nd: Eu: Gd ratio. The enhancement of
peak critical current density Jg, with increasing matrix ratio suggests that the
maximum pinning effect can be achieved by combining the appropriate
concentration of 211 phase particles with the optimum chemical ratio in the
matrix.

Introduction

The RE-BaCuzOy superconductors (RE-rare earth element, RE-123) are a broad
family of perovskites-type oxides with unique properties. The first compound of this
family, Y-123 was discovered in 1987 in USA and Japan[1, 2]. Today, the family of
RE-123 materials consists of al smple compounds and a rich variety of their
combinations; binary, ternary or querternary ones. It became a typical representative
of high-T, materials. Nd-123 single crystals exhibit systematicaly better pinning at
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high fields (a higher peak effect) than Y-123 [3,4]. The reason is solid solution that
Nd forms with barium[5,6]. As a result, the Nd-123 matrix properties strongly
fluctuate on a nanometer scale, which produces a pinning disorder with similar
properties as a system of oxygen vacancies. This behavior is common for all rare
earth atoms (RE = La, Nd, Eu, Gd, Sm). An excessive formation of the solid solution
clusters leads to deterioration of macroscopic characteristics of the material, in
particular to reduction of T. and eventually to suppression of superconductivity [7].
To avoid this, RE-123 materials are usually melt-textured in a reduced oxygen
atmosphere. By this technique the amount of the RE/Ba solid solution is reduced to an
optimum. One of the technologies of this type, called oxygen-controlled-melt-growth
(OCM@G)[8], has successfully used for fabrication of ternary (Nd, Eu, Gd)-123 [9, 10,
11], melt-textured samples with superior properties. In this way, the RE-123 samples
easily reach T; values as high as 93-96 K and exhibit superior pinning properties at
high magnetic fields and temperatures.

Magnetic studies showed that the peak effect appearance on magnetic hysteresis
loop ‘MHL’ is sensitive to chemical ratio in the 123 matrix [12, 13]. This indicates
that optimum configuration of the superconducting matrix in the NEG-123 system is
not necessarily 1: 1. 1 and optimization of the chemical ratio with respect to
macroscopic superconducting characteristics is possible and of course desirable. It
was also found that to each particular chemical ratio an optimum concentration of the
externally added 211 phase belongs. We have thus effective tool for tailoring material
properties according to requirements of the particular application.

It was reported[], that the peak effect in RE-123 materials originate from field-
induced pinning from oxygen deficiency and or RE-Ba chemical fluctuation. In
general, AT, pinning provided by chemical fluctuation is stronger than that provided
by oxygen vacancies [17, 18], because of oxygen defects deteriorate superconducting
properties of the parent phase. It is also true there is a limit in the enhancement of the
peak effect without deteriorating T, since it requires the introduction of a large
amount of oxygen vacancies. Chemical fluctuation or distribution of RE-123 as
clusters in the RE-123 matrix is sensitive to the kind of RE element involved.[19].
And therefore the control of the matrix composition is important for engineering flux
pinning.

Recently, it was showed that among the RE-123 compounds, the ternary (NEG-
123) bulk superconductor exhibit superior properties. Typical for these materialsis a
strongly developed peak effect, providing a large J. at high magnetic fields that
almost reach the required engineering values at 77 K [14, 16]. However, further
optimization isimportant for engineering applications.

Hence, in this paper, we have investigated the magnetic field dependence critical
current density J. with various matrix ratio of Nd, Eu and Gd to find out the optimized
matrix ratio for largest Jc.

Experimental
The melt-textured samples with nominal composition of (Ndo 33EUp 66-xGdx)BaxCuszOy
where x values 0.25, 0.27, 0.28, 0.29 were fabricated by the oxygen-controlled-melt-
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growth (OCMG) process, under oxygen-partial pressure of 0.1 % O, and gas flow rate
of 300 ml/min. The details of the sample preparation and the OCMG process were
described elsewhere [20]. Next, commercial Nd-422, Eu-211 and Gd-211 powders
were mixed in the ratio 1: 1: 1 to prepare NEG-211 secondary phase particles. Then,
the samples were added volume fractions of 3 and 7 mol% of NEG-211 were
subjected to the OCMG process. The details of the heat treatment profile can be found
in [21]. The samples with dimensions of Ixwxd = 1.5x1.5x0.5 mm® were cut from the
as-grown crystals and annealed in flowing O, gas in the temperature range of 300-600
© C. The magnetization in a magnetic field along the c-axis was measured using a
Quantum Design SQUID magnetometer. The onset superconducting transition
temperature of al the samples was in about 93-96 ranged. The critical current density
J. was estimated from the measured magnetization hysteresis of the magnetic moment
using the Bean model [22],
6AM
Jo=——7—=,
w?d(3l —w)

where Am is the magnetization width, d, |, and w are the thickness, length and
width respectively. The magnetization was carried out in the 0.1-7 T magnetic field
range and at 77.3 K temperature. The specimens were eight (Nd, Eu, Gd)Ba,Cuz0Oy
bulk oxide superconductors (NEG-123) with addition of 3 and 7 mol% NEG-211
secondary phase particles. The specifications of the specimens are listed in Table 1.

Table 1: Specification of Specimens.

No. Specimens Addition of 211
Secondary phase
particles

1 (Ndo.33EU0.41Gdp.25)BapCusOy 3 mol% NEG-211

2 (Ndo.33EU0.39Gdo.27) BaeCusOy 3mol% NEG-211

3 (Ndo.33EU0.38Gdo.28) BaxCu3Oy 3 mol% NEG-211

4 (Ndo.33EU0.37G0o.29) BapCu3Oy 3 mol% NEG-211

5 (Ndo.33EU0.41Gdp.25)BaxCusOy 7 mol% NEG-211

6 (Ndo.33EU0.39Gdo.27) BaxCusOy 7 mol% NEG-211

7 (Ndo.33EU0.38Gdo.28) BapCu3Oy 7 mol% NEG-211

8 (Ndo.33EU0.37Gdo.29) BaoCusOy 7 mol% NEG-211

Results

The DC magnetization measurements is investigated for a group of specimens of
NEG-123 superconductors with changing matrix chemical ratio such as Eu/Gd ratio
by SQUID magnetometer, which as shown in Fig. 1. The highest magnetization width
Am was found for (Ndo 33Eup.39Gdo27)BaxCuzOy specimen with addition of 3 mol%
NEG-211 particles. The magnetic field dependence of critical current density J; is
estimated from the hysteresis measurements by using the Bean model, which as
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shown in Fig. 2. It is found that J.-B characteristics changes with changing the matrix
ratio such as the ratio of Eu/Gd. The highest peak critical current density Je, iS
observed for sample-2 of (Ndo33EUp39Gdo27)BaeCuzOy specimen with addition of 3
mol% NEG-211 particles and it is about 1.77x10° A/m? at higher magnetic field of
25T.
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Figure 1: The magnetic field Figure 2: Field dependence critical current
dependence magnetization for NEG-123 density J. for NEG-123 samples with
samples with varying Eu/Gd contents at varying Eu/Gd contents at 77.3 K.
77.3K.
Discussion

In this work, we have measured the magnetic field dependence critical current density
Jo of NEG-123 samples with addition of 211 particles, we can called two sets of
specimens. In the first set (sample 1-4), NEG-123 superconductors with addition of 3
mol% and in the second set (sample 5-8) with addition of 7 mol% NEG-211
secondary phase particles. In the both sets, the amount of Nd is fixed and the ratio of
Eu and Gd are changed.

The Figure 2 shows the J.-B characteristics for 8 specimens of NEG-123 samples
at 77 K for fields applied along the c-axis. In al cases, Nd was kept constant and the
ratio of Eu:Gd varied from 1.24-1.64. It is evident that all the samples show well-
developed peak effect with the peak position depended on the chemical ratio in the
matrix, i.e., when Eu/Gd ratio changed, the peak critical current density Jg, also
changed. The amount of Eu increases from 0.37 to 0.41 while Gd decreases from 0.29
to 0.25, the J¢, increases suggests that the presence of higher amount of Eu favors
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high Jg,. The discrepancy of Jg, values by changing ratio of Eu/Gd suggests that a
proper combination of RE elements in the ternary NEG-123 compound is effective in
controlling flux pinning. A control of the Nd:Eu:Gd ratio in the NEG-123 matrix isan
effective way in tailoring the pinning properties of this compound. A proper choice of
the Nd:Eu:Gd ratio leads to the control of Je, at 77 K.

It isknown that 211 particles act as strong pinning centers. In addition, it has been
reported [23] that the pinning mechanism of normal 211 particles is the condensation
energy interaction with the pinning force which decreases monotonically with
increasing magnetic field. Hence, the pinning by 211 particles does not directly play
the role in increasing Jg,. Another possibility of the peak effect by 211 particlesis the
order-disorder transition of the flux lines, i.e., atransitional change of flux lines from
the ordered state with alow J. to the disordered state with a high J.. The enhancement
of the pinning efficiency at the peak effect is considered to be caused by the softening
of easticity of flux lines. It was shown [24] that the peak effect in a single crystal
NdBa,CuzO, superconductor is caused by the order-disorder transition of flux lines
under the flux pinning by substituted regions with lower-T.. For occurrence of the
order-disorder transition, however, the pinning centers should be sufficiently small
that an appropriate variation in the pinning efficiency could be realized by a dight
deformation of flux lines. This requires a pinning potential quickly varying in space.
On the other hand, the size of 211 particles is much larger than the flux line spacing.
Hence, the 211 particles do not seem to contribute to the peak effect also from a
softening of flux lines for the disorder transition.

In addition, in the present case we get higher Jg, in sample 3mol% NEG-211
phase particles instead of sample higher 7 mol% addition. The enhancement of Jg,
with increasing matrix ratio suggests that the maximum pinning effect can be
achieved by combining the appropriate concentration of 211 phase particles with the
optimum chemical ratio in the matrix.

Conclusion

The investigation of J.-B characteristics in NEG-123 materials with addition of NEG-
211 particles of 3 and 7 mol% for the various matrix ratio at 77.3 K suggests that the
proper choice of the Nd: Eu: Gd ratio leads to the control of peak effect that is, peak
critical current density Je, and the maximum pinning effect in a broad field range can
be achieved by combining the appropriate concentration of 211 particles with the
optimum ratio of Nd: Eu: Gd in the matrix.
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