Autumn 2021. Vol 12. Issue 45

Research Paper

AC Magnetic Susceptibility Measurement of High
Temperature YBCO Superconductor Doped by Silver

Nanoparticles

Mehrdad Ebrahimnezhad?! and Gholamabbas Shams?*

1. Department of Physics, Shiraz Branch, Islamic Azad University, Shiraz, Iran.
2. Department of Physics, Shiraz Branch, Islamic Azad University, Shiraz, Iran.

Received: 2021/12/22
Revised: 2022/02/08
Accepted: 2022/02/25

Use your device to scan and read the
article online

DOLI:
10.30495/jnm.2022.29619.1949

Keywords:

YBCO, High Temperature
Superconductors, Magnetic
Susceptibility, Silver
Nanoparticles

Abstract

In this study, the effect of of silver nanoparticles (Ag-NPs) inclusion on the AC
magnetic susceptibility of high temperature YBa2Cu307-8 (Y123) + x wt%
Ag (x=0.00, 0.06, 0.10 and 0.30) polycrystalline superconductors was
investigated. The high temperature superconductors (Y123 + x wt% Ag) were
fabricated by the solid state reaction method. XRD analysis of the samples
showed superconducting orthorhombic phase with symmetry of Pmmm
space group. Analysis of scanning electron microscopy (SEM) images related
to the surface morphology of the samples showed that increasing silver
nanoparticles dopant causes a decrease in granule size of the compounds.
Real magnetic susceptibility exhibited intrinsic diamagnetic behavior and
grain boundary connections and imaginary components of magnetic
susceptibility showed energy loss due to flux penetration and vortex
movement at the grain boundary. The critical temperature of 92 K was
obtained for pure Y123 by real component of magnetic susceptibility and
complete diamagnetism was observed in all samples (x=0.00, 0.06, 0.10 and
0.30). Silver decreased the critical temperature and increased the critical
current density. Based on the obtained values of maximum Josephson current
and Josephson intergranular energy coupling, it can be concluded that x=0.10
is the best weight percentage for Ag among the Y123 doped samples. Indeed,
the greater inter-granular Josephson coupling energy causes, the superior of
the trapping force and consequently produces the better critical current
density.
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Extended Abstract

Introduction

High temperature YBa;Cu3O75 (Y123)
superconductor was discovered in 1986 in
Houston and in collaboration with the Wu
Group of the University of Alabama. Since
then for furthere study of superconducting
properties of these compounds, extensive
investigations have been made on them
with different doping such as Au, Al, and Ag.
Doping superconductors with some nano-
size particles is an easily controlled and
non-destructive technique which might lead
to improve the properties of these
compounds. A certain doping such as silver
develops the inter-granular couplings of
Y123 within grain alignment, grain
boundary inclusion, and reduction of grain
boundary area. Ag nanoparticle insertion
decreases the grain size and upsurges the
strength and rigidity of the parent
compound. Silver enhances not only the
magnetic-flux trapping but also the critical
current density.

This investigation denotes to the study of
structural analysis of YBa;Cu307.s samples
involving pure and specimens doped with
different amounts of Ag nanoparticles (x =
0.00 wt.%, 0.06 wt.%, 0.10 wt.% and 0.30
wt.%) with 50-nm size. The samples are
fabricated by conventional solid-state
reaction method. Analysing the behaviour
of the AC magnetic susceptibility, electrical
resistivity and also determination of some
variations in pure and added compounds
have been obtained.

Materials and Methods

Samples of pristine and silver
nanoparticles (Ag-NPs) added to Y123 were
manufactured by solid-state reaction
method. High purity powders of Y,0;, BaCO;
and CuO purchased from Merck (Germany)
were used to make the nominal
composition YBa,Cu30,.. The powders
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were balanced with respect to the
stoichiometric ratios and milled suitably in
an agate mortar to obtain equivalently
mixed powders. After pressing the blends
into pellets, the calcination process
performed at 930°C for 24 hours and re-
milled after cooling. Ultimately, x = 0.06, 0.1,
and 0.3 wt% of Ag-NPs (50 nm) were added
to the calcined precursor. These mixtures
were ground, pressed and sintered at 930°C
for 24 h. The prestine Y123 sample (x = 0.0
wt%) was also made under the same
condition as a reference. The X-rays
diffraction (XRD) patterns associated with
the specimens were obtained to analyse the
structure of synthesized samples by a
Bruker D8 Advance diffractometer with
CuKa radiation. The microstructures and
morphology of products were characterized
by scanning electron microscope (SEM)
using KYKY-EM3200 (Tungsten filaments).
The  electrical resistivity and ac
susceptibility were done using the standard
four-point probe method and Lock-in
amplifier technique respectively.

Result

According to the X-ray diffraction patterns
of samples for Y123 + x wt% Ag (x=0.00-
0.30) 19 diffraction peaks are detected at
20=22.909" to 87.580" due to the planes of
orthorhombic Y, Ba,Cu,0,_;. These results

designate that addition a small amount of
Ag to the compound has no noticeable effect
on the final product in X-ray pattern. Data
analysis is shown a single-phase perovskite
structure YBCO and small quantities of
secondary phases, such as BaCuO..
Obviously, there is no peak related to the
Ag-based compounds corresponding to X-
ray diffraction displays. Rietveld
refinements was used to determin the
lattice parameters a, b, and c for all samples.
The data associated with the lattice
parameters a, b, and c for the pristine
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sample are 3.8091, 3.8789, and 11.6435 (A)
correspondingly.

The ac-susceptibility X measurements were
examined in order to determine the
intergranular coupling characters for all
pure and Ag-NPs added to Y123. The real
X' and imaginary X'’ parts of X = X' 4+ iX"
have shown a wide step-like transition and
a single peak associated with the loss
respectively. The variations of single peaks
in X" versus temperature curves are
observed from 92.5 K to 82.5 K for 0.0 wt%
to 0.3 wt% Ag added sample. The Josephson
energy coupling differed from 0.079 eV to
0.067 eV aimed at 0.0 wt% to 0.3 wt% Ag
doped sample.

Discussion

Based on XRD patterns no impurity up to
x=0.3 wt% was detected to be attributed to
the reflections, except the Y123 phase being
considered. The data displays by increasing
the Ag nanoparticles, most of the peaks
raise and showing the better crystallization
of the grains. Rising of nanoparticle silver
doping affected reduction of oxygen
content. Superconductivity of Y123 is
correlated not only to the ordering of the
oxygen atoms but also to the oxygen
content and oxygen vacancies in the Cu-0
basal plane. Lattice conestants revealed,
although the lattice parameters a and c
increase the lattice parameter b remains
almost constant with rising of Ag doping up
to 0.3%. The tendency of variation in the
lattice parameters a and ¢ with cumulative
of Ag-doping is similar. These variations
may be discussed to the substitution of the
Cu?* ions which have a minor ionic radius
(0.058nm) by the longer Ag?* ions
(0.087nm). This large ionic radius reasons
an increase of the lattice parameter c and a
whereas the lattice parameters b remains
nearly constant.

The observed shifting of the real part of
susceptibility graphs (X') is related to the
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intergranular characteristic of the samples
and shows the efficient coupling of the
superconducting grains. The smaller
shifting reveals the better coupling of the
superconducting grains. The detected
shifting is discovered to be less in 0.1 wt%
compared to other samples, which indicates
the superior intergranular characters with
Ag-NPs addition. For the imaginary part of
susceptibility (X'') this effect indicates the
strengthening of flux pinning that notifies
ultimately enhancement on the coupling
force of the superconducting grains for 0.1
wt% added sample. This is a clear sign of a
better inter-granular links with 0.1 wt%
addition. The Josephson energy coupling
data related to 0.1 wt% added sample
proved that, the greater inter-granular
Josephson coupling energy causes the
superior of the trapping force and
consequently produces the better critical
current density.
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