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This study was carried out to investigate the effects of nano nickel oxide (Ni>Os) addition on the
electrical properties and critical current density (Jc) of YBa,CuzO7.5(Ni2Os)x superconductor. The
precursor was prepared by the solid state reaction method. The samples were prepared with the
prescribed weight percentages of Ni,Ozat x = 0, 0.05, 0.10, and 0.15 wt %. The effects of nano
Ni2O; were investigated using X-ray diffraction method, scanning electron microscopy,
transition temperature, and critical current density (Jc) measurement. The four-point probe
technique using the 1 pV/cm criterion was used to measure the critical temperature (T¢) between
50 and 300 K and transport critical current density (Jc) between 30 and 77 K. T, measurement
showed that the critical temperatures of the samples decreased as the composition of Ni2Os
increased. The highest J. was observed in the NiO3; sample of x = 0.15 wt %. XRD results showed
all samples had orthorhombic structure. The grain morphology of every sample was almost

similar, except for minor variations in texture and porosity.
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Since the discovery of superconductivity in YBCO at
93 K, the search for a new kind of superconductors has
never stopped. The YBCO high temperature
superconductor is highly recommended because of its
numerous applications (1, 2). It is a layered cuprate
superconductor with short coherence length, and the
supercurrent could not pass easily through the grain
boundary (3). Recent research has reported that
nanostructure materials and carbon-based compounds
used as high temperature superconductors create high
Je at high magnetic fields (3, 4). Impurity phases and
defects present at grain boundaries can act as weak
links. Besides, nanoparticle dopants in high
temperature superconductors behave as flux pinning
centers, which increase the pinning energy (U;) and
critical current density (Jc) (3-11). It is well known that
the introduction of artificial pinning centers by the
addition or substitution of elements such as micro and
nanoparticles, magnetic and non-magnetic materials,
and various compounds have successfully improved
the properties of YBa,CuzOr.5 (12-14). In this paper,
we report on the study of the influences of Ni»O3 on
the properties of YBCO high temperature
superconductor. The objective of this study is to
investigate the effects of Ni,Os; addition on the
structure and electrical properties of YBa;Cu3O7-;.

EXPERIMENTAL
Materials and Preparation

The YBa; CusO; compounds were synthesized by

using the solid state reaction method, and all the
compounds were ground and powdered using a mortar
and pestle for approximately 1 hour into homogenized
powder. The chemicals used in this study were yttrium
oxide (Y203), barium carbonate (BaCOs), copper
oxide (CuO), and nickel oxide (Ni»Os), with high
purity (99.9%). Samples were then calcined at 900°C
for 24 hours to remove CO,. After a slow cooling
process in the tube furnace, the calcined powder
samples were ground again and a second calcination
was performed at 900°C for 24 hours. Different wt %
of mixed powders were pressed into pellets and
sintered again at 920°C for 24 hours in the tube
furnace. The transport measurement was carried out
using the four-point probe technique, and with the help
of liquid helium cryostat to achieve the low
temperature. The YBCO samples were examined by
Tc measurement to obtain the critical temperature of
the samples with Ni2O3 (15). The values of the critical
current (Ic) were obtained from the 1-V measurement
and the corresponding values of the critical current
density (Jc) were obtained from the maximum current
that flowed across the surface area of the samples. X-
Ray diffraction was used to determine the structural
and phase purity of the superconducting phase of the
composite YBCO samples and to indicate phase match
by using Bragg’s Law formula. Lastly, SEM was used
to observe the surface morphology of all the samples
and indirectly determine the percentage of elements in
the samples by energy-dispersive X-ray spectroscopy
(EDX).
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RESULTS AND DISCUSSION

The temperature dependence of the electrical
resistivity of the YBa;CusO7.5(Ni2O3z)x samples is
shown in Figure 1. The temperature at which the value
of resistivity drops suddenly, i.e. the appearance of
superconducting state occurs, is named as onset
critical temperature, Tc onset, and the temperature at
which the resistivity of the material becomes zero is
called critical temperature, Tc. As shown in Table 1,
the T. values of the YBa;CusO7.5(Ni2O3z)x sample
systems decreased with the increase of Ni
concentration, indicating lower T suppression and
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decrease in carrier concentration with Ni addition. It
demonstrates that all of the samples had a linear
metallic behavior in the normal state. The study
showed that the samples’ normal resistivity was
reduced by adding Ni,O3to YBCO. Furthermore, it
was observed that the transition width (ATt) of the
Ni,Os-added samples increased with increasing Ni
concentration to indicate increased inhomogeneity of
the samples. Table 1 also shows the values of critical
transition temperatures (Tc.onset, Tco) and transition
width (AT¢) of the Ni,Os-added samples. It was found
that the non-Ni>Os-added sample showed the highest
Tcand good superconducting behavior.
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Figure 1. Temperature dependence of resistance for YBa,Cu3O7.5(Ni»O3)x samples
with x = 0.00 — 0.15 wt%

Table 1. Teonset, Te-o and AT for YBaCu3s07.5(Ni2O3)x samples with x = 0.00, 0.05, 0.10, and 0.15 wt %

Composition, x (wt %) Te-onset (1 K) Teo(x1 K) AT(x1 K)
0.00 98 91 7
0.05 89 80 9
0.10 88 76 12
0.15 76 60 16
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Figure 2. XRD patterns of YBa>Cu307.5(Ni»O3)x samples with x = 0.00, 0.05, 0.10, and 0.15 wt %

Figure 2 shows the XRD results for the samples
x=0-0.15 wt % and Y123. Single phase was clearly
observed in all samples. All the Ni,Os-added samples
exhibited orthorhombic structure. With the addition of
Ni,O3 to the YBCO matrix, no significant variations in
lattice parameters were observed. The highest peak
was observed at 20 = 46.540 and peaks indexed at
(003), (110), (005), (006) and (007) confirmed the pure
phase formation of YBCO superconductor. Hence, the
dominance of YBCO phase was clearly observed for
all the Ni,Os- added

samples. However, as Ni,Oz was added at different
percentages, certain peaks became more intense from
x =0 to 0.15 wt %. The Miller indices were used to
determine the lattice parameters (a, b, ¢ parameters).
The lattice parameters of the unit cell for all samples
are summarized in Table 2. Based on Table 2 and
Figure 3, slight changes in lattice parameters a, b and
¢ can be observed. This observation indicates the
change of internal lattice strain depends on the addition
of Ni in the samples.

Table 2. Lattice parameters of the unit cell

Composition, x

Lattice parameter

(wt %) (£ 0.001 A)
a b c
0.00 3.85800 3.88700 11.71400
0.05 3.82430 3.88850 11.68700
0.10 3.81930 3.88470 11.68340
0.15 3.82260 3.88630 11.66300
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Figure 3. Lattice parameters of YBa,Cuz07-5(Ni203)x samples with x =0 - 0.15 wt %

Figure 4 and Table 3 show the variation of Jc
with different wt % of Ni.Os doped into the YBCO
samples. The Jc values increased with the addition of
Ni20s to the YBCO compounds in a constant magnetic
field, but not consistent. The 0.15 wt % of Ni,O3

addition sample showed the highest J. value. We can
conclude that Ni,Oz addition suppressed the
superconductivity but increased the Jc value at certain
amounts of addition.

Table 3. Critical current density, Jc for YBaCu307-5(Ni2O3)x samples with x = 0.00, 0.05, 0.10,
and 0.15 wt % at 30 and 77 K

Composition, x

Critical current density, Jc (A/cm?)

(wt %) 30 K 77K
0.00 0.15 0.11
0.05 0.36 0.16
0.10 0.39 0.15
0.15 0.42 0.18
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Figure 4. Critical current density, Jc versus Ni>Os content in bulk samples of
YBa,Cu307.5(Ni2Oz)xat 30 and 77 K

Figures 5(a), (b), (c), and (d) show the surface
morphology of the YBayCusO7;s (Ni2O3)x samples
observed using SEM at 1000x magnification. The
morphology of the samples could be clearly observed
in the SEM images and they revealed no significant
change in the grain morphology at lower
concentrations. The morphology of all the Ni2Os-
added samples was almost similar, except for minor
variations in texture and porosity. There were pores
anticipate between regions of well-connected grains in
the non-Ni,Os-added sample. The samples with x =
0.15 wt % addition showed compact and densed
morphology and this could be a reason for anincrease
Jein these samples.

In this study, YBa>Cu3O7.5 (Ni2O3)x (x =0, 0.05,
0.10, 0.15) were synthesized via the conventional solid
state reaction route. By optimizing the ratio of Ni.Os
and 123 powders at given amounts, the powders could
be uniformly mixed. A methodical study related to the
effects of Ni2Os on the transition temperature and
microstructure of the samples was performed. All of
the samples had a linear metallic behavior in the
normal state and transition width, AT of the NiOs-
added samples increased by increasing Ni
concentration. The non-Ni,Os-added sample showed
the highest T and good superconducting behavior.
Ni,O3 addition has suppressed the superconductivity
but increased the J. value at certain amounts of

addition.
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Figure 5. SEM images for YBa,Cu307.5 (Ni.O3)x samples with x = (a) 0.00; (b) 0.05; (c) 0.10; and (d) 0.15 wt %
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CONCLUSION

This work showed that Ni>Os addition suppressed the
superconductivity but increased the J; value at certain
amounts of addition. Substitution or addition of other
elements will be an interesting work for future
investigation.
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