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The effects of nano-sized PbO (10-30 nm) addition on the critical temperature, transport critical
current density (Jc) and flux activation energy of YBa2CuzO7.s (PbO)x (x = 0.00-0.45 wt.%), prepared
by the standard solid-state reaction method were studied. Powder X-ray diffraction method, electrical
resistance measurements and scanning electron microscopy have been used to study the samples. The
transport critical current density, Jc was measured using the four-point probe method. The flux
activation energy, U was calculated from the resistivity versus temperature measurements using the
Arrhenius-type equation. The highest superconducting onset temperature Tc onset Was observed in the
sample with x = 0.35 wt. % (94 K). The x = 0.25 wt. % sample showed the highest J.. The activation
energy (U = 0.90 eV) in zero fields showed a maximal plateau between x = 0.20 and 0.35 wt. %.
Enhancement of Jc was explained as the increase in the activation energy as a result of nano-sized PbO
addition.
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1. INTRODUCTION

The effects of nano-sized particles such as NiO, Y203, SnO2, TiO2 and FeF. [1-5] in high T¢
superconducting cuprates have been studied to improve the superconducting properties. These particles
can react with the superconductor material during processing, as in the case of NiO in YBa>CuzO7-5
(YBCO) [1]. These particles may generate defects such as twins and inhomogeneous micro-defects,
which can act as pinning centers to increase the transport critical current density, Je.
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For a wider application of superconductors a high critical current density is required. The T of
YBCO remained almost unchanged while the Jc improved remarkably with 0.01 wt.% of nano Al.Os
[6]. Flux pinning is important in order to maximize the current density of a superconductor [7]. Many
works have been reported on the effect of magnetic field near the superconducting transition in order
to understand the pinning mechanism and flux motion [8-10]. Several models to understand the
broadening of the resistivity transition curve under magnetic fields, such as thermally activated flux
creep [11], flux flow [12], flux line melting and flux cutting [13] have been suggested [8]. Although
the Lorentz force exerted on the flux by the current is smaller than the pinning force, the flux line can
be thermally activated over the pinning energy barrier. The electrical resistivity region near T¢ (p = 0)
can be described by using the thermally activated flux creep model [8, 14-15].

PbO addition is very effective in enhancing the formation of single-phase high temperature
superconductor such as in the Tl-based materials [16]. Several methods of synthesizing nano-sized
PbO and its properties have been reported ([17] and references therein). In this work we studied the
effect of PbO (10-30 nm) additions on the transport critical current density and flux activation energy
of YBaxCuz075. Results of electrical resistivity (dc) measurements, scanning electron microscopy and
powder X-ray diffraction are presented. The effects of nano-PbO particle addition in YBa;CuzO7-s on
Jc and the activation energy are reported in this paper.

2. EXPERIMENTAL DETAILS

The solid-state reaction method has been used to prepare the YBa,CuzO7.5 (PbO)x (x =0, 0.03,
0.05, 0.10, 0.20, 0.25, 0.30 and 0.45 wt.%) samples. High purity (99.9 %) oxides and carbonates such
as Y203, BaO, CuO and nano-sized of PbO (10-30 nm from Nanoshel) were mixed, ground and
calcined in air at 900 °C for 48 h with one intermediate grinding. The powders were pressed into
pellets and sintered in air at 900 °C for 24 h. The diameter of the pellets was 13 mm and the thickness
was 2.5 mm. The pellets were ground, repelletized and heated at 900 °C for another 24 h in order to
improve the phase formation.

The dc electrical resistance was measured using the 4-point probe method. Silver paste was
used as electrical contact. The van der Pauw method was used to measure the room temperature
resistivity. The samples were cut into a bar shape for Jc. measurement. The J. was measured between
30 K and 77 K in zero fields. The 1 puV/cm criterion was used to measure Jc. A CTI Cryogenics
Closed Cycle Refrigerator Model 22 was used for low temperature measurements.

The resultant phases was determined by using the powder X-ray diffraction method by
employing a Bruker model D8 Advance diffractometer with CuK, source with wavelength, 4 = 1.5418
A between 26 = 2 and 60°. At least 15 diffraction peaks were used to calculate the lattice parameters.
The microstructure was examined using a Philips XL 30 scanning electron microscope (SEM).
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3. RESULTS AND DISCUSSION

Powder X-ray diffraction patterns of YBa.CusO7.s with and without nano-PbO addition are
shown in Figure 1. The patterns indicated a single YBa>CusO7.s phase with orthorhombic structure and
Pmmm space group. No peaks corresponding to PbO or Pb-based compound were observed in the X-
ray diffraction patterns. The lattice constants are shown in Figure 2. The lattice parameters for x = 0
are a = 3.819 A, b =3.890 A and ¢ = 11.67 A which is in agreement with the literature for pure
YBa>CuzO7-5 [5].
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Figure 1. Powder X-ray diffraction patterns for nano-sized PbO added YBa,CuQO7.; for x = (a) O wt.

%, (b) 0.05 wt. %, (c) 0.10 Wt. %, (d) 0.20 wt. %, (e) 0.30 wt. % and (f) 0.45 wt. %
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Figure 2. Lattice parameters of nano-sized PbO added YBa>CuO7-s
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Mag= 2.00 KX Signal A = SE1
EHT = 15.00 kv WD= 15mm

Mag= 2.00 KX Si A=SE1 Date :21 May 4
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Figure 3. SEM micrographs of nano-sized PbO added YBa,CuO-.s for x = (a) 0 wt. %, (b) 0.03 wt. %,
(c) 0.20 wt. % and (d) 0.25 wt. %.
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The lattice constants ¢ increased while the a and b lattice constant showed very little change
with PbO addition. The orthorhombic structure was maintained throughout the PbO addition range.
Figure 3 shows that there is slight reduction in the grain size as PbO was added into the YBCO
samples. The grain boundaries were also modified as a result of a slight partial melting.
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Figure 4. Resistivity (p/p(r=207)) Versus temperature curves of nano-sized PbO added YBa>CuOy7.; for x
= (a) 0to 0.10 wt. %, (b) 0.12 to 0.25 wt. % and (c) 0.30 to 0.45 wt. %

The resistivity-temperature curves of the samples are shown in Figure 4. All samples showed
metallic normal-state behavior (i.e. dp/dt > 0) and a superconducting transition to zero resistance.
Sample with x = 0.35 wt. % showed the highest Tc onset = 94 K. PbO-addition does not substantially
influence Tc onset; there is little variation (Tc onset =91-94K) for all samples. The zero-resistance
temperature (Tc zero), Was lowest for x = 0.45 wt. % which showed T¢ zer0 = 84 K. Room-temperature
resistivity increased with PbO content for x = 0.00 — 0.45 wt. %. Sample with x = 0.45 wt. % showed
the highest room temperature resistivity (10.9 mQ cm). The resistivity values indicate variation in the
carrier concentration of YBa2CuzO7-5 (PbO)x. The Tconset, Tc zero and the room-temperature resistivity are
shown in Figure 5.

Results of excess conductivity from the analysis of the superconducting transition curve has
been described elsewhere [18]. In this paper we present results on the transport critical current density
and flux pinning analysis.

Figure 6 shows Jc versus PbO content at 30 and 77 K. Figure 7 shows that the J. decreases
linearly with temperature for most of the samples, which indicates the flux pinning, created by a linear
correlated disorder. The x = 0.25 wt.% sample showed the highest Jc (0.354 and 0.331 A/cm? at 30
and 77 K, respectively). For x = 0.45 wt.%, Jc decreased to 0.092 A/cm? at 77 K. Jc of the non-added
sample is 0.079 and 0.058 A/cm? at 30 and 77 K, respectively. The Jc of the non-added samples was
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of the same magnitude with previously reported values in polycrystalline copper oxide-based high

temperature superconductors [19, 20].

96

—a— Tczern

—&— Tc onset

[ o]

32 lM—

ﬁ 88 [a 'y & : : ]
F—a & &
84 L e g . il
A i
o
g0 L oo e
0 0.1 0.2 03 04

PbO Content, x (wt. %)

(W wyow) Apnisisay

Figure 5. Normal state electrical resistivity (@) at 297 K and the variation of Tc¢ onset (W) and T¢ zero (A)

as a function of nano-sized PbO addition in YBa;CuO7-s
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Figure 6. Critical current density Jc at 30 and 77 K and flux activation energy U as a function nano-
sized PbO addition in YBa,CuOy7-5
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Figure 7. Critical current density Jc as a function of temperature for YBa>CuOz7.5 (x = 0 — 0.45)

The pinning potential that can prevent vortex flow is due to a factors such as point-like defects
and defects in the microstructure. The In(p/po) vs. /T plots for non-added and nano-sized PbO addition
showed a non-linear behavior (Figure 8). According to the thermally activated flux creep model, the
dissipated energy in the tail part of the resistivity plot is defined by an Arrhenius-type equation [7, 21-
23]:

p(H, T) = poexp [FU(H) / keT ] (1)

where U is the activation energy for flux creep, T is the temperature, H is the applied magnetic
field, po is the pre-exponential constant and kg is Boltzmann constant. In this work, the measurements
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were made in zero fields (H = 0 T). The activation energy can be determined directly from the slope of
the plot of log(p/po) versus 1/T as shown in Figure 8. In this work we have used the resistivity at 91 K
as the value of po.
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Figure 8. Arrhenius plot of the resistivity of (YBa2CuzO7-s (PbO)x (a) x = 0to 0.10, (b) x = 0.12 to
0.25and (c) x=0.3t0 0.45

Figure 6 shows the calculated activation energy from the linear data in the tail part of the plots
(see Figure 8). The activation energy of the samples increased significantly with PbO nano-particle
addition level up to x = 0.35 wt. % (U = 0.90 eV). The activation energy calculated for these samples
is of the same order of magnitude reported in the potassium and cerium doped Bi>Sr.CaCu,QOg+y
superconductor in zero fields (0.30 — 1.46 eV) [15, 24]. Changes in the grain boundaries and a
reduction of the intergranular coupling and an increase in the amount of weak links can increase the
activation energy [8].

In conclusion, sample with x = 0.35 wt. % showed the highest T¢ onset (94 K). Jc was highest at
x = 0.25 wt. % which coincided with the highest activation energy (U = 0.90 eV) that showed a plateau
between x = 0.20 and 0.35 wt. %. Maximum J. at x = 0.25 wt. % can be explained as the increase in
the flux activation energy as a result of nano PbO addition. Addition of nano-sized PbO up to x = 0.35
wt. % enhanced U which indicated an increase in the slope of the energy barriers. Sample with x =
0.25 wt.%, showed the highest Jc (0.354 and 0.331 A/cm? at 30 and 77 K, respectively) corresponding
to activation energy U near the maximal value of 0.90 eV.
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