Engineering, Technology & Applied Science Research

Vol. 15, No. 2, 2025, 21055-21060

DC Conduction and Dielectric Behavior of

21055

(B1,Pb)-2223 Superconductor when adding Ag

Nanoparticles

Mustafa Q. Al-Habeeb

Department of Dentistry, College of Al-Farabi University, Baghdad, Iraq
musttkut@ gmail.com (corresponding author)

Fadhil A. Umran

Department of Optics Techniques, College of Al-Farabi University, Baghdad, Iraq
fadhilumran @yahoo.com

Akram N. Mohammed

Department of Optics Techniques, College of Al-Farabi University, Baghdad, Iraq
akram.noori51 @ gmail.com

Received: 30 November 2024 | Revised: 6 January 2025 | Accepted: 18 January 2025
Licensed under a CC-BY 4.0 license | Copyright (c) by the authors | DOI: htips://doi.org/10.48084/etasr.9780

ABSTRACT

In this paper, the dielectric behavior of Bi; ;Pb,3;Sr,Ca,Cu30,,; ceramic superconductor and the effects of
Ag nanoparticle addition were studied at room temperature. The X-ray diffraction pattern reveals that all
samples crystallize in orthorhombic structures. The optimal value of critical transition temperature (Tc)
was found at addition weight percentage x = 1.2 wt%. The influence Ag nanoparticle adding for changing
the Bi-2223 phase's dielectric characteristics were studied along with the determination of the capacitance
for ranging frequencies from 50 Hz to 1 MHz. The results show that the dielectric constant decreases with
increasing Ag nanoparticle content, indicating the enhancement of the carrier concentration in the CuO,
planes. The presence of Cu atoms in the CuO, and the Bi,Sr,0s.; charge reservoir layers in (Bi,Pb)-2223
superconductors gives them partially insulating/conducting characteristics, probably improving the doping

efficiency of the mobile charge carriers.
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I.  INTRODUCTION

The superconducting ceramic compound BSCCO
(Bi,Sr,Ca,_1CupOgp 4445 (m = 1, 2, 3), also termed as (Bi-
2201), (Bi-2212), and (Bi-2223)), can be considered as one of
the most important and reliable materials in the construction of
devises and many scientific practical applications due to its
high transition temperature (7.) and high critical magnetic
field. The superconducting compound BSCCO has three
different phases of transition temperature: 10, 85, and 110 K,
respectively, while n refers to the number of two CuO, layers
in the unit cell. Bi-2223 is the most interesting phase for many
researchers [1]. Significant attempts have been conducted to
raise the critical temperature of the superconducting transition,
T., to room temperatures following the groundbreaking
discovery of high-temperature superconductors (HTSC) [2].
The two basic components of the orthorhombic crystal
structures of the BSCCO superconductors system are the
insulating block layers, which can donate holes or electrons to
the Cu layers by acting as electrically active charge

repositories, and the essential, superconducting Cu layers or
planes [3, 4]. Doping of nanoparticles can be considered an
important method for improving the ability to stabilize flow
and contact between the grains of the superconducting
materials (Bi,Pb)-2223. Recently, much research has been
conducted on the impact of nano particle addition, e.g. Au, Ag
[2, 4], to enhance superconducting qualities, including metal
nanoparticles,e.g. Eu, La, Mg, W, etc. [6-8], nanooxides such
as Al,O3, MgO, Co;0,4, BaFe ;,0,9, ZrO,, BaSnO;, MgB,, and
V,05 [9-17], and nano-compounds such as PbS and PbF, [1,
18].

Generally, the nanoscale addition to the Bi2223 system may
lead to the stabilization and easy settlement of nanoparticles
between the particles of the high-temperature superconducting
compound, which in turn may lead to the enhancement of the
critical current density and flux pinning. According to [3], the
addition of Au nanoparticles to (Bi, Pb)-2223 led to
modifications in the insulation properties while increasing
critical current density (J.) and transition temperature (T,).
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However,it has been shown that nanoparticles stabilize at grain
boundaries without altering the superconductivity of the host
structure, and the maximum values of the dielectric
characteristics of (BaFe;,0,4)x(Bi,Pb)-2223 were found at low
frequencies and high temperatures, with improved 7, and
J..[10, 12]. Frequency-dependent dielectric measurements are
very useful for studying the dipolar polarization and the
dielectric properties of a material. These studies were done at
lower temperatures and helped qualitatively assess the strength
of the coupling of charge carriers. Moreover, a medium made
up of strongly coupled mobile carriers would be in less
polarized condition and have a lower dielectric constant. The
dielectric  constant determines the nature of the
superconducting material, which is dictated by the binding
forces that bind the mobile carriers between the conducting
AgO0,/Cu0, planes and the Bi, ,Pb,;Sr,Ca,Cuz;0,, charge
reservoir layers [19, 20].

This work is clearly of the definite interest for improving of
functional properties of studied superconducted ceramics due
to the fact that the insertion of Ag nanoparticles to (Bi, Pb)-
2223 could improve vortex lattice pinning properties, improve
communication between grains, and rise Tc. The primary
factors for choosing the materials of devices for many
applications are ac-conductivity, conductance, capacitance,
dielectric loss, and dielectric constant. Using C and G
measurements of (Ag NPs)xBi; ;Pb, 3Sr,Ca,Cuz044,45 in the
test frequency (f) range of 50 Hz to 1 MHz, the dielectric
parameters (&, &, |tand| and 0,.) can be measured as follows:

The dielectric constant real part (&,), an indication of the
degree to which a material can be polarized can be calculated

by [19, 21]:
& =Cd/A¢g, ey

where d is the thickness of the pellet (m), A is the area of the
electrode (m%), &, is the permittivity of free space
(8.85x10712 F.m™1), and C is the capacitance (F).

The dielectric constant imaginary part (&;) signifies the
dielectric loss in the medium (damping factor). Equation (2)
can be used to get the material's imaginary portion from the
conductance (G):

& =Gd/wAg, )

where w = 2 f, with f being the frequency of the applied ac-
field.

The following relation can be used to calculate the
dielectric loss (tan o):

tané = g;/¢, 3)

AC conductivity, g,., is a measure of a material's ability to
transport an alternating electrical current:

Oge = WEye/tan§ (C))
II. MATERIALS AND METHODS

The polycrystalline bulk Bi; ,Pby3Sr,Ca,Cuz04045
ceramic samples with and without the addition of Ag
nanoparticles were synthesized by the solid-state reaction

method using high purity powders (99.999%) of Bi,0;, Pb;O,,
Sr(NO3),, CaO, and CuO proportional to their molecular
weights which were used as starting compounds. Ag
nanoparticles of 20-30 nm were added by weight percentages
x = 0.0, 0.35, 0.6, 0.95 and 1.2 wt%. These compounds were
mixed in appropriate ratios by employing a mill machine
(SPEX Industries Inc., USA) for 10 min and then manually
grinding the powder for another 10 min with an agate mortar
and pestle. The mixture was homogenized by adding enough 2-
propanol to create a paste while grinding for around 30 min.
The mixtures were then calcined in air using a tube furnace set
at 810 °C for 24 h at a rate of 3 “C/min. The mixture was then
compressed using a hydraulic press of the SPECAC type at a
pressure of 0.7 GPa to form pellets with a diameter of 13 mm
and a thickness of 2-3 mm. The pellets were sintered for 144 h
at 835 °C in a tube furnace. X-Ray Diffraction (XRD) was used
to analyze each sample. The dielectric constant was calculated
by measuring the capacitance (C) with the aid of an LCR meter
analyzer type (GW INSTEK, LCR-8105G) for frequency range
(50 Hz- 1 MHz), at Room Temperature (RT).

III. STRUCTURAL PROPERTIES

Figure 1 shows the XRD patterns of the samples with and
without the inclusion of Ag nanoparticles.
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Fig. 1. XRD patterns of (Bi,Pb)-2223  superconducting samples

supplemented with Ag nanoparticles.

The XRD pattern deviation results show that all samples
have an orthorhombic structure with both phases present (HTS
phase Bi-2223 and LTS phase Bi-2212, with HTS being the
dominant phase). After adding the Ag nanoparticles, some
samples showed weak impurity phases of Ca,Pb0, peak at 20
= 17.34° and impurity phase peak at 20 = 50.58°. Similar
results were obtained in [19, 22]. As a result of the increased
concentration of Ag nanopricles, the intensity of several peaks
for the Bi-2223 phase increased, starting from (002) at 20
=6.18"F0.4" to (2012) at 20 = 44.54° F 0.3" for Bi-2223. This
indicates that nano-Ag particles have an effect on grain
crystallization and systematic growth under the degree of
molecular melting. Moreover, they are linked to the broadening
of some peaks as a result of the 2223-phase overlapping with
the 2212-phase, as shown in the 0.6 and 1.2 wt% cases. Similar
results were obtained in [19, 22] for different compounds.
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The calcinations or/and sintering temperature, which are
related to the melting temperature, can cause a significant
decomposition in oxygen to re-form the Bi-2223 phase, which
contains more (Bi,Pb)-rich phases, and cause the peak of
Ca,Pb0O, and impurity phases to emerge from secondary
peaks. As seen at 0.6 and 1.2 wt% graphs, these impurity
phases have an influence on the volume fraction as well as the

lattice properties, particularly the c-axis. In order to enhance
the structural characteristics of all prepared samples, the c-axis
increased (Table I) [4, 5, 24]. The insertion of Ag
nanoparticles to (Bi,Pb)-2223 may serve as pinning centers to
fix vortices and to improve communication between the
grains, potentially raising T.

TABLE L. PARAMETERS OF CHARACTERISTIC PHASES OF Agx/(Bi,Pb)-2223 SAMPLES
Ag NP a b ¢ \" c Volume Fraction
wiro | © 0 0 03 @ | mom | HIC | LTC
’ A A A A % %
0.0 54124 | 54290 | 37.0619 | 1089.04 | 6.849 1.561 58.61 41.39
0.35 54136 | 5.3674 | 37.0723 | 1077.21 | 6.848 1.578 65.52 3448
0.6 5.4068 | 5.3345 | 37.1189 | 1070.61 | 6.865 1.587 62.28 37.72
0.95 52206 | 5.9500 | 36.9260 | 1147.02 | 7.073 1.482 68.64 31.36
1.2 54595 | 5.4002 | 37.2047 1096.88 | 6.815 1.549 75.82 24.18
The improvement of weak linkages between the

IV. ELECTRICAL RESISTIVITY

The variation of the critical temperature (T, ), i.e. the
temperature at which the electrical resistivity of a metal falls to
zero, with Ag nanoparticle concentration is shown in Figure2.
A metal-like normal condition was revealed by the electrical
resistance curves. Figure 2 displays the dc resistivity p (Q cm)
against temperature 7 (K) range 7, < T < 300 K as well as
measurements of the nominal composition samples
Bi, 7Pbg 3S1,Ca,Cu; 04, sWithout and with nano-Ag addition.

When resistivity against temperature was measured at high
temperatures prior to the superconducting transition, all the
samples showed metallic behaviors. Interestingly, all the
samples with Ag nanoparticles added had higher T, values than
the (Bi,Pb)-2223 (nano-Ag 0.0 0 wt%) sample, with the
exception of the (0.6 wt%) sample, probalby due to the
infleunce of oxygen content, as is shown in Table II.

The difference between T, and T, is the superconducting
transition width (AT). A small value of AT is considered a
measure of the sample's quality or purity since it indicates the
presence of percolating pathways that short out the current by
first becoming superconducting. By increasing the contact area
between the superconducting grains, the widening behavior
may be reduced, as in the 0.6 wt% case [19].

0.1 4 —— 0.0wt%
—=— 0.35wt%
0.08 - 0.6 wt%
3 —— 0.95 wt%
é 006 4 _, 1.2 wt% M
< 0.04 peniees
0.02 4
0 T )
50 100 150 200 250 300
T (K)
Fig. 2. p-T plots for samples of pure and Ag nanoparticle added

Bil_7Pb0_3Sr2Ca2Cu30m.

superconducting grains by the healing of a greater void and
pore or superconducting volume fraction with Ag nanoparticles
raises T, . In this instance, Ag-nano samples exhibit T, and
T(c r=0) values that rise and then fall at 0.6 wt% addition due to
the weak coupling that will result from the random orientation
of superconducting crystals and the coexistence of
nonsuperconducting impurities, like Ag and Pb ions, at the
grain boundaries. This will lower the zero-resistance
temperature and broaden the T, [5, 19]. Thus, the ideal carrier
concentration and elevated superconducting volume fraction of
the samples as a result of impact oxygen post-sintering are the
most likely causing of the improvement in superconductivity
(as in 0.35 and 1.2 weight percent parameters) [23, 25]. As
demonstrated by the findings derived from the XRD data.

TABLE II. Tc AND AT FOR Agx/(Bi,Pb)-2223 SAMPLES
Ag NPs Tr Tc (R=0) ATC 5
wt. % (K) (K) (K)
0.0 110 103 7 0.0437
0.35 113 101 12 0.0689
0.6 108 98 10 0.0575
0.95 110 97 13 0.0477
1.2 113 96 17 0.108
80 3 0.12
L 4
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Fig. 3. Relation between T, and (a) volume fraction, (b) &.
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Figure 3 shows the relation between T, and oxygen content
(®) and Volume Fraction of (Bi,Pb)-2223 samples. The
optimum nano-Ag concentration for maximum T, value is seen
in the 0.35 and 1.2 wt% samples, the latter also showing
maximum oxygen contents (5) for the samples as shown in
Table II.

V. DIELECTIC PROPERTIES

The fluctuations in the dielectric properties of
Bi; ,Pb, 3Sr,Ca,Cuz 044,45 for samples supplemented with Ag
nanoparticles were studied as functions of the applied
frequency (50 Hz — 1 MHz). The dielectric constants (¢, and
&;), loss (tand) and ac- conductivity (g,.) were calculated for
each sample with (1)-(4). The amount of energy stored in a
material when it is exposed to an electric field is represented by
& as a function of frequency for different amounts of added Ag
nanoparticles, using (1), as can be seen in Figure 4(a). The
intra-granular sites represent the most likely location for this
energy to be stored in the material. Generally, the samples
demonstrated distinct behaviors at different addition
percentages of Ag nanoparticles, and the values of &, ranged
between 2.584 and 2.189 at the low frequency of 4.77 Hz
(Table III). These &' values are attributed to the interfacial
polarization that occurs mainly in the low frequency range.
Because the free negative charge carriers (electrons) move
from the ceramic sample toward the metal electrodes, the
material's composition inside the conducting planes has to be
changed, having the carriers there. Electrons can migrate from
ceramics to metal surfaces because their Fermi level is greater
than that of metals. Moreover, ceramics have fewer filled states
than metals, which are most likely causing the shift behavior
between before and after the addition. The monitored behavior
is in agreement with the results obtained in [19, 21, 25].

The dielectric constant imaginary part ¢; indicates how
much energy is absorbed and attenuated across interfaces when
an external electric field is applied. Grain boundaries, localized
defects, and localized charge concentrations at the defect sites
are examples of interfaces. Figure 4(b) shows the change in
g;versus logf at different additions from Ag nanoparticles of
(Bi,Pb)-2223 samples, as listed in Table III. It has been
observed that the decreasing in energy attenuation after the
addition can be attributed to the increase of oxygen content in
the Bi; ,Pbg;Sr,Ca,Cusz0,4,5 charger reservoir layer.
Additionally, since the charge reservoir layer contains localized
charges at the Bit3, Cu™?, and Ag*? sites, the separation of
charges between the Bi,Sr,05_5 charge reservoir layer and
mobile carriers in the conducting CuO, planes is most likely
causing the polarization. Dielectric constant decrease and ¢;
increase can be caused by an applied electric field. Similar
behavior has been reported in [3, 10, 19].

An explanation for the variation between &, and ¢; could be
that the double Bi-layer compound has a thicker Bi,S1,05_s
charge reservoir layer, which means that when the number of
mobile carriers available for dipolar polarization is decreased,
the dielectric constant increases the density of carriers in the
CuO0, planes. Since Cu atoms are present, the compound of the
(Bi,Pb)-2223 superconductor with the impurity of Pb and Ag
nanoparticle additions has partially insulating or conducting

Vol. 15, No. 2, 2025, 21055-21060 21058
characteristics, which probably increase their doping
efficiency, as indicated in [17, 19, 21].

10 ——x=0.0 Ag
=== X=0.35 Ag
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Fig. 4. (a) Dielectric constant real part (&,.) and (b) Imaginary part of
dielectric (g;), versus Log f of the external field applied at room temperature
on Bi, ;Pby3S1r,Ca,Cu;0,,,s superconductors with various Ag nanoparticles
addition.

The dielectric loss factor (Jtand|) is determined by the ratio
of the energy stored in the material to the dissipated energy. All
absolute values of samples' of [tand| versus Log f are plotted in
Figure 5(a). Dielectric loss was considered to determine the
mechanism of ac-conduction and dielectric relaxation that may
be in the form of leakage currents. Clearly, the presence of Ag
nanoparticles boosted these currents, where the value of [tand]|
systematically decreases with decreasing addition of Ag
nanoparticles, as shown in Table III.

The ac-conductivity (g,.) of these samples is shown in
Figure 5(b). The maximum value of g,, at 0.0 wt% addition
was around 2.310 X 1077 and it decreased with increasing
addition of Ag nanoparticles as shown in Table III. This adding
enhances the efficiency to such an extent that it reaches
superconductivity at a very high concentration (1.2 wt %).
Moreover, the dielectric constant decreases with increasing
addition percentage, which enhanced the carrier concentration
in the Ag0,/Cu0, planes, whereas a decrease in capacitance,
&, &, tand and g, was also observed. The presence of Cu
atoms in the CuO, and Bi,CuO, charge reservoir layers in
(Bi,Pb)-2223  superconductors gives them a partially
insulating/conducting character, which probably improves the
mobile charge carriers. In other words, the electronegativity of
nano-Ag posses has the same effect with that of Cu, whose
dielectric is constant and is directly dependent on the
polarizibility of the dielectric material, which is directly related
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to the electronegativity of the constituent atoms [19, 21, 26].
Therefore, due to the need for smaller and more durable
devices, such as memory devices and capacitors, such materials
with high dielectric constants are becoming more and more
important in the race of microelectronics. Yet cuprates' high
conductivity, causes a substantial dissipation loss, which is the
primary barrier to their possible use as dielectrics [21].

1.4 - ——x=0.0 Ag
—=—x=0.35 Ag
e x=0.6 Ag
1 A ——x=0.95 Ag
508 - —o—x=1.2 Ag
o 0.
(a) =06 -
0.4
0.2
0 T T T T T T T

52 54 56 58 6
Logf (Hz)

44 46 4. 5

2.00E-06

1.50E-06 oo 00200 ety
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5.00E-07 - *—X=12Ag
0.00E+00 | S RR-mpRGaRRmRAnOTR:

47 49 51 53 55 57 59 6.
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Fig. 5. (a) Absolute value of dielectric loss |tand| and (b) ac-conductivity
(04c) versus Logf of the external field applied at room temperature on
Bi, 7Pby3S1,Ca,Cuz 00,5 superconductors for various Ag nanoparticle
addition percentages.

1

TABLE IIL. VARIATION OF ¢,., ¢;, TANS AND g, FOR (nano-
Ag)X/Bi1_7Pbg_3Sr2Ca2CU3010
f=50Hz- IMHz
Ag NPs £, & tano Oge X 1077
wt. % (@.m)~*
0.0 7.708 6.84 1.259 2.310
0.35 2.536 2.64 1.022 0.446
0.6 2.584 1.116 0.432 0.376
0.95 2.189 1.679 0.767 0.233
1.2 2.368 2.277 0.583 0.146

VI. CONCLUSIONS

The effects of Ag nanoparticles on the superconductivity
and dielectric properties of Bi; ;Pby3Sr,Ca,Cuz0;,
superconductor samples were studied in this worl. In the XRD
pattern of the (Bi,Pb)-2223 superconductors, it has been
observed that there are two weak phases of impurity after the
addition of nano-Ag. The weak phase influenced the volume
fraction as well as the lattice properties, particularly the c-axis.

The magnitude (R = 0) in the samples with added nano-
Ag/(Bi,Pb)-2223 is comparatively bigger and exhibits an
increase of 113 K at 0.35 and 1.2 wt%, due to the optimal
carrier concentration and increased superconducting volume
fraction of the samples due to the effect of oxygen post-
sintering. The dielectric constants (&, and ¢;), loss (tand) and
ac-conductivity (g,.) of the prepared samples are significantly
influenced by the frequency of the applied ac field, due to the
dipolarization caused by the displacement of the mobile
electronic charges in the conducting planes from the
equilibrium position with respect to the (Bi,Pb)-2223 charge
reservoir layer, which is responsible for the dielectric
dispersion and the negative capacitance effects. The addition of
Ag nanoparticles reduces the carrier density in the conducting
planes, with low superconductivity parameters. So, dielectric
constants can be applied in capacitors, and the sample with
high dielectric constants, (1.2 wt%) is of great importance in
electronic applications.
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