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Today, many scientists work intensively on the development of new high-temperature superconductors or

applications. In this context, it is not surprising that a new superconductor is discovered every year at a high or low-

temperature scale. It is known that NdBaCuO-based superconductors show a transition to superconductivity around

96 K, which was found a long year ago. At the same time, a large number of substitutions or doping have been

made on this material, mainly in the Cu site. However, no study was found with Mg doping or substitutions instead

of Cu site in the NdBaCuO system. In this study, for the first time in the literature, NdBaz(CuMg)3O7+z, where x=0.1%,

0.2%, and 0.3%, materials were prepared with a solid-state reaction method and then characterized. In the first

analysis, it was found that the material passed into the superconducting phase at 98 K and had a critical current

density of the order of 108 A/cm? at 4.2 K. The results of other characterizations along with crystal parameters and

magnetic properties are presented in this study.
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1. Introduction

NdBaCuO superconductors have been known for many
years as one of the materials that can be used in many areas
of superconducting technology. However, it still needs
some improvements. For example, for such superconductors
to be widely used in technology, they are expected to have
a higher critical transition temperature, 7¢, value, and most
importantly, a higher current carrying capacity, J., and more
stability even in a high magnetic field. Compared to YBCO
superconductors, NdBaCuO materials are known to have
some important properties such as at least 9 times less
oxygen partial pressure, higher pinning ability and therefore
higher critical current carrying capacity, and a slightly
higher critical transition temperature [1-10]. In addition,
they are very suitable for spintronic device applications as

well. These features make it worth doing more extensive
research on NdBaCuO superconductors.

NdBaCuO superconductor material has an orthorhombic
crystal system and unit cell parameters are determined as
a=3.8621 A, b=3.9180 A, c=11.7713 A and accordingly, the

unit cell volume is 178,122 A3[7]. The T. is ~ 96 K and the
J.. of bulk materials is higher than 10° A/cm? at 4.2 K and
under zero field [8]. However, in the NdBaCuO material, the
Nd-Ba reaction can cause significant changes in the 7. as a
result of the formation of different solid solution phases and
large changes in the nominal phase composition [7-9].
Therefore, maximum care must be taken when preparing the
material. However, when NdBaCuO is prepared especially
at low oxygen pressure, these drawbacks can be avoided and
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can be a sharp transition to the superconducting phase
obtained.

In this study, superconducting NdBa(Cus«xMgy)3;07+,
materials, where x=0.1%, 0.2%, 0.3%, 0.4% and 0.5%, were
prepared with conventional solid-state reaction method and
then characterized. In the analysis, it was found that the
material had a metallic behavior up to the transition point
and then transferred into the superconducting phase sharply
at~98 K and had a J; of the order of 10° A/cm? at 4.2 K. The
results of other characterizations along with crystal
parameters and magnetic properties are presented in this
study.

2. Experimental

Superconducting NdBax(Cuz.xMgx)307+, materials, where
x=0.1%, 0.2%, 0.3%, 0.4% and 0.5%, were prepared with
conventional solid-state reaction method. For the
preparation of the material, we used high purity Y,03 99.99
% (Sigma-Aldrich), BaCO 99.99 % (Sigma-Aldrich), CuO
99.99 % (Sigma-Aldrich), and MgO 99.99 % (Sigma-
Aldrich). The mixed raw powders were first calcined at
880°C for 24h in the air twice with intermediate grinding.
Then re-mixed powders were pelletized at 8 tons of pressure
at room conditions. The pellets were then heated at 1070°C
for 45 minutes and then slowly cooled to 950°C within 2h
at 1% Oz in Ar gas. Samples were then cooled to 500°C and
annealed for 30 h in a 100 % O, atmosphere.

For the characterization of the prepared samples, we used an
X-ray diffraction (XRD) analysis for structural
investigation. XRD experiments were done with a 2°C/min
scan rate using the Malvern-Panalytical Empyrean system
and Cuk, radiation between 20=3-80°. The structural
parameters were calculated by using the least-squares fit of
the XRD lines and then the Rietveld refinement program
was applied. A Quantum Design Physical property
measurement system, PPMS-8T, with Vibrating Sample
Magnetometer, VSM, attachment, for electrical and
magnetic properties under £ 8 T magnetic field. A
homemade /-V measurement system at 77 K was also used
for further characterizations of the samples produced.

3. Results and Discussions

The XRD graphs of the samples prepared are given in
Fig.la-d and also calculated values of the unit cells are given
in Table 1. Initially, we did not obtain any impurity phase in
pure and 0.1% Mg-substituted samples. However, for 0.2%
and 0.3% Mg-substituted samples. It was observed that the
XRD peaks in the unsubstituted and 0.1% Mg-substituted
samples were almost the same, but in the 0.2 and 0.3% Mg-
substituted samples, MgO and MgO contaminated phases
such as MgCuO impurities were obtained, Fig.1.
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Table 1. Calculated unit cell parameters of the samples.

Lattice parameters, A

Samples
a b c Unit cell
volume, A3
Pure 3.8621 | 3.9180 | 11.7713 178.122

0.1% Mg | 3.8609 [ 3.9171 | 11.7691 177.99

0.2% Mg | 3.8601 | 3.8955 | 11.7684 176.96

0.3% Mg | 3.8572 | 3.8925 | 11.762 176.59

In addition, together with the substitution the peaks obtained
were shifted slightly towards the larger angles.

This indicates that the MgO substitution can be incorporated
with the NdBaCuO material. Accordingly, the calculations
made indicate that lattice constants decrease by increasing
the Mg substitution rate. The reason for this is explained as
the ionic/atomic radius of Mg which is larger than the Cu
ions. For the calculations of the unit cell parameters, we
obtained a slight decrease in the a, b, ¢, and cell volume
parameters, Table 1. This also indicates the incorporation of
the MgO material with the NdBaCuO material itself.
Unfortunately, we did not analyze the higher MgO
substitution cases due to the deformed and multiphase nature
of the main NdBaCuO structure. However, it is still under
investigation in our laboratory.
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Fig.1. XRD graphs of the samples prepared. (a) Pure, (b)
0.1% Mg, (c) 0.2% Mg and (d) 0.3% Mg-substituted sample.
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The electrical properties of the samples were made between
room temperature and 90 K. The resistance versus
temperature graphs of the samples prepared are given in
Fig.2. It has been found that as the rate of Mg substitution
instead of Cu in the NdBaCuO structure is increased, the
normal state resistance of the material increases
systematically. However, when the ratio was increased
further after 0.3%, it was observed that the resistance
increased excessively and exceeded the limits of the
measurement system and superconductivity was disrupted.
Therefore, 0.3% Mg substitution is considered to be a limit
value for the superconducting properties.
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Fig.2. Resistance versus temperature measurements of the
samples prepared

Thus, the best superconducting transition was obtained from
the sample with 0.3% Mg substitution. It is considered that
as the substitution rate increases, the normal state resistance
increases and the disappearance of superconductivity after
3% substitution rate is due to the increase in impurity phases
and therefore the increase in the scattering mechanism. As
seen in Fig.2 the best Tyero value was obtained to be 98K for
3% Mg substituted sample which is approximately 2K better
than the pure sample. 97 and 96 K T, values were obtained
for 1%, 2%, and pure samples respectively. Resistance
versus temperature measurements behavior of the 0.3% Mg
substituted sample, which has the best sample, under
magnetic fields of 0, 2, 4, 6, and 8 Tesla, (MR-T), are shown
in Fig.3 as an example. The other superconducting samples
showed similar trends after the measurements.

The results obtained reveal that there is no different feature
from the conventional Type-2 superconductivity behavior
with Mg substitution. Both the 7: and T,e values were
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degreased when the applied magnetic field was increased as
obtained in other High-7¢ superconductor samples. Similar
behavior is also obtained in all superconductor samples
produced in this work. This showed that the substitution of
Mg has no visible effect on the superconductivity behavior
of the sample, but superconducting performance such as 7T
value is increased by approximately 2K in the 3% Mg
substituted sample. This could be due to the improvement in
the grain boundaries of the material and due to the less
scattering effect.

The magnetic properties of the samples were checked by
using the magnetization versus applied field (M-H)
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Fig.3. MR-T measurements of NdBax(Cus..Mgy)3;07+,
superconductor sample under Magnetic field.

measurements. The M-H curves of the samples prepared at
4.2 K are given in Fig. 4. The figure shows the change in the
magnetization when the applied field increased. In general,
very smooth M-H curves were obtained for Pure, 0.1%,
0.2%, and 0.3% Mg-substituted samples. This observation
also suggests a type-2 superconductor performance and
showed similar classical YBCO High-7. superconductor
peculiarity. However, this uniform magnetic peculiarity
disappeared at high MgO contribution rates, for example; It
was observed that the 0.5% Mg substituted sample
diamagnetic properties completely disappeared and
ferromagnetic behavior dominated the sample.
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Magnetisation (emu/gr)

Fig.4. Magnetization versus applied field (M-H)
measurements of the superconducting samples.

However, our studies and experiments continue why this
show such a significant change even with a very small
substitution rate. For the calculation of the magnetic field-
dependent critical current density (J.™¢), we used M-H
loops of each sample and Bean’s model, and results
obtained at 4.2 are presented in Table 2. According to
Bean’s model [11],

AM
a
a(l-23)

] =20

)

where a and b are the length of the sample cross-section in
cm (@ < b), and AM is the difference between the
magnetization measured with decreasing and increasing
applied field in emu.cm™. As seen in Table 2 calculated J ™
results reveal that samples with Mg-substituted instead of
Cu can carry 2-3 times more current than un-substituted
pure samples. This result could be due to the modifications
in the grain boundaries of the material. In addition, maybe
MgO and a small amount of MgO-related impurity phases
or clusters in atomic scale behave as pinning points in the
material, and that positively affected the current carrying
capability of the samples under the applied magnetic fields.
This reveals that this material may have many different uses
in the many high technology fields.
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Fig.5. I-V measurement results of (a) pure, (b) 0.1% Mg, (c)
0.2% Mg, and (d) 0.3% Mg substituted samples.

We also measure the /-7 properties of the actual samples
using the PPMS system. The /-V measurements were done
at stable 77 K. The samples were neatly cut in rectangular
form of 1 x 3 mm and the measurements were taken at a
constant temperature value and without applying any field.
Current densities were calculated by considering the
international scale (1 microvolt) and the results obtained are
presented in Table 2. It was observed that as the MgO
substitution ratio increased in the samples, the critical
current density value also increased. Accordingly, the
highest J. value was obtained in the 0.3% Mg substituted
sample with a value of 733 A/Cm?, Table-2, which is

Table 2. Critical Current Density, J. and J.™¢ values of the
superconductor samples prepared in this work.

Sample Jeat77kK JM& at 4.2 K
A/cm? A/cm?
Pure 288 1.88x108
0.1% Mg 395 2.4x10°
0.2% Mg 586 3.6x10°
0.3% Mg 733 5.1x10°
0.4% Mg No SC. No SC.
0.5% Mg No SC. No SC.

approximately 2 times higher than the pure NdBa>Cu3O7+,
sample. This result was found to confirm the critical current
density, J.™¢, results previously calculated by using the M-
H data. This suggests that the grain connectivity could be
modified by the MgO substitution and better J. values then
be obtained. However, we did not measure the higher MgO
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concentration cases such as 0.4% and 0.5% MgO substituted
samples due to their non-superconducting nature.

4. Conclusions

In preliminary studies, Mg was successfully substituted to
the NdBaCuO superconductor system instead of Cu at 0.1,
0.2, 0.4 and 0.5%. The results obtained show that the
superconducting structure is disrupted after 0.3% Mg
substitution rate. A multiphase NdBaCuO structure with
more than 6 different non-superconducting phases emerged
and superconducting properties diminished. This emerged
as a critical limit value for Mg substitution instead of Cu. It
was observed that there was a slight increase in the
superconductivity transition temperature, 7c, value (~2 K)
for the best sample which is 0.3% Mg substitution rate.
However, our preliminary studies have shown that the main
increase occurs in critical current density, J., values and that
there may be an increase of at least 2-3 times compared to
pure samples. Finally, results obtained reveal that the
prepared materials can be easily produced on an industrial
scale and, accordingly, can compete with other
superconducting systems in technological use.
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