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Abstract

Manganese fernite (MnFe;04) nanoparticles and CugpsTlsBa:CaxCuzOips (CuTl-1223)
superconductor were synthesized by sol-gel and solid-state reaction, respectively. Appropriate
amount of MnFe;O4 nanoparticles were added to CuTl-1223 superconducting phase to obtain
{(MnFe204)x/CuTI-1223}; (x = 0~2 wt.%) nanoparticles-superconductor composites. These
composites were characterized by X-ray diffraction (XRD), Scanning electron microscopy (SEM),
Fourier transform infrared (FTIR) absorption spectroscopy and (R-T) ineasurements. The
tetragonal and spinal structure of CuTI1-1223 superconducting phase and MnFe;O4 nanoparticles
were verified by XRD analysis. The result of XRD analysis revealed that inclusion of MnFe Q4
nanoparticles doesn’t disturb the crystal structure and stoichiometry of host CuTi-1223
superconducting phase. SEM images indicated that inter-gain weak-links of CuTI-1223 phase have
been improved after addition of MnFexO4 nanoparticles due to which density of voids and pores
has been reduced. FTIR study revealed that MnFe,O4 nanoparticles do not substitute any
constituent atoins of unit cell of host matrix and occupy the available inter-granular spaces. In
resistivity versus temperature measurements decrease in T.”' (K} may be attributed to spin-
charge reflection and trapping of charge carrier’s due to the presence of MnFe Q4 nanoparticles at

the grain-boundaries of CuTI-1223 superconducting phase.
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CHAPTER 1 INTRODUCTION

Chapter 1: Introduction

1.1 Superconductivity

The phenomena of superconductivity deals with complete disappearance of material
resistivity below a specific low temperature. This specific temperature conventionally termed as
critical temperature and labelled as Tc. All those elements and compounds, which exhibits the
phenomena of superconductivity at their specific critical temperarures, are called superconductors
[1]. The materials like Pb, Nb, V3Si, NbiGe, YBa:Cu3O7 and TISrBaCuO etc., are the few

examples of superconducting matenals.
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Fig 1.1: The superconductivity in Hg at 4.2 K as discovered by H. K. Onnes[2].
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1.2 Superconductivity Historical Review

Phenomena of superconductivity was discovered by the H. Kamerlingh Onnes the Dutch
Physicist in 1911, when he noticed the abrupt disappearance of the mercury electrical resistance
at -269°C or 4K [3]). The Meissner and Robert Ochsenfeld were discovered the diamagnetic
behavior of superconductors’ materials. In their observation they observed that, the magnetic field
lines are excluded by the superconducting material below a specific critical temperature T, and on
the bases of their observation they describe the relationship between the superconductivity and
magnetic field and this phenomenon is known as Meissner effect or perfect diamagnetism [4].
While to explaimng the perfect diamagnetic behavior of superconducting material, the famous
novel London theory was put forward by F. London and H. London [5]. According to this theory,
for a temperature below critical temperature of a superconducting material the exclusion of
magnetic field take place because of decreased in electromagnetic energy which, carried by

superconducting currents.

In 1957 J. Barden, L. Coopers and R. Schrieffer presented there famous BCS theory in
field of superconductivity [6,7]. This theory was found to be very helpful in explaining the unique
behavior of superconductors, With the continuous progress made in research on superconductivity,
(LBCQ) superconductive behavior at 30 K was found in 1986 by Bednorz and Muller [8)]. Then
YBaCuO superconductors were introduced m 1987 with the critical temperature of 90 K [9]. The
(BSCCO) family of superconductor with critical temperature of 110 K was introduced in 1988
[10]. As compared to all type of superconductors, the Cu.xTlxBa:CaxCuz010.5 (CuTi-1223) phase
drew the great attention of scientific community toward itself due to its higher value of critical
temperature and other batter superconducting parameters [11]. The Fig 1.2 demonstrate the
development made with passage of time in discovery of new superconductors with higher critical

temperatures.
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1.5 Critical parameters of superconductors

The three essential parameters in phenomena of superconductivity are T, J. and H:
respectively. Moreover, we can explain phenomena of superconductivity based on these
parameters.

1.5.1 Critical temperature (T¢)

For any superconducting material, the minimum temperature below which material

resistivity completely disappear or vanish, referred as critical temperature of that matenial [15].

ﬁ
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Fig 1.6: Superconductors critical temperature T.
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1.5.2 Critical Magnetic field (Hc)

The uppermost value of magnetic field below which material sustain its superconducting

state and above which it acts like normal matenial. Different states of superconducting materials

can be represented by the correlation between T and H. .

H

Normal state

Superconducting
state *‘

Type-1

T.

T

Type-I1

i No
h’ljxed state . mal state

or t
Vortex state

Superconducting N\

state \:

T. T

Fig 1.7: The magnetic field vs temperature.

1.5.3 Critical current density (¥.)

From practical point of view, an important parameter that decide suitability of a

superconductor for practical application defined by its critical current density (J¢) [16]. It could be

described as the maximum current which a superconductor can pass though it self in

superconducting state.
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Fig 1.8: The characteristic I-V curve of superconductors.
1.5.4 Correlation of three critical parameters

All the critical parameters of a superconducting matenal correlated to each other as shown
in Fig 1.8. The imaginary surface, which enclosed by these parameter exhibits the superconducting
state of the material. It was found that, all critical parameters directly dependent on each other’s
and alteration or change in one may destroyed the superconducting state of the superconducting

material [17].
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Magnetic Field

Current Density Temperature

Fig 1.9: Critical phase diagram formed by the correlation of J., Hc and T, [18].
1.6 BCS Theory

The well-known BCS theory was proposed in 1957 by three American physicists Johns
Bardeen, John Robert Schreffer and Leon Cooper [19]. This theory well explained the
charactenistics of type-I superconductors, but unable to describe the superconductivity phenomena
in case of high temperature superconductors (HTSCs) and exotic superconductors. The mechanism
of superconductivity is well explained in terms of electron pairs. These pairs are also known as

cooper pairs and shown in Fig. 1.9.
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Fig 1.10: Schematic representation of cooper pair model.

The BCS theory explained the mechanism of pair formation and according to this theory when the
interaction between electrons take place then it gives rise to coulomb attraction between them and
then as a result they coupled together to formed a cooper pair. It was observed that, when total spin
off a cooper pair is calculated then results shows zero spin. As we know that boson particles have
Zero spin, so we can assume the cooper pair as a simple boson particle. The observation shows that
in a system having temperature less than critical temperature all these particles share the same
lowest energy level and it is referred as bose condensation. And as a result of this condensation all
particles showing same wave function.

1.7 Nanoscience and nanotechnology

Nanoscience deals with the brief study of materials at nanometer scale. The materials
having at least one dimension in range of (1-100nm) are termed as nanomaterials. Nanoscience
almost involved in all fields of applied sciences, where the basic aim is to organize the concerned
material at nanoscale according to its practical application requirement. The observations show
that most properties of nanomaterials are very different from its bulk counterpart. The most
reasonable explanation of this prominent change in properties could be related to the increased in
volume fraction as well as the quantum effects occurs as result of reduction in specimen size.
Observations shows that as the size of bulk materials decreased, the proportion of atoms increased
on the surface as compared to internal core of the material. The nanotechnology mostly deals with

the synthesis and characterization of physical properties of nanomaterials and fabrication of nano-

11
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scale devices through these materials. The correlation between different fields of science and

nanoscience could be related to each other’s as shown in Fig 1.11.

Information
Technology

NANO
TECH
NOLOGY

Household

Industry

Mt

Fig 1.11: Nanoscience with other discipline of science.

As the degrees of surface reactivity of these nanomatenal 1s very high which most probably due
to large surface to volume ratios, so consequently the nanotechnology also deals with the more
challenging devices fabrication for various numbers of practical applications. In any technological
application based on nanoparticles use, required to synthesize the nanoparticle with uniform

chemical composition as well as mono-dispersion i.e. with no agglomeration.
1.8 Nanoparticles

Conventionally the particles having average diameter in range of (1-100 nm)} are called
nanopartictes. Unlike the bulk counterpart, the nanoparticles exhibit unusual characteristics at the
scale of nanometer. For example, the ferroelectric and ferromagnetic material alters their bulk state

properties when size of these materials brings down to nanometer range. Similarly, those materials

12
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exhibit the semiconducting propeniies in the bulk form showing non-conducting properties as the
size reduced up to nanometers range. Gold nanoparticles unveil the catalytic characteristic in
dimension of nanometer. Decrease of imperfection, increase in surface to volume ratio, high
surface energy as well as quantum or spatial confinement are the few well know reasons for

alteration in properties cansed by the reduction in specimen size [20-21].
1.9 Ferrites

The origin of word “Ferrite™ 1s from Latin word used for iron. All those metal oxides having
the iron as compulsory constituent are known as ferrites. Ferrites nanoparticles are basically
showing magnetic nature and we placed them in the category of ceramic compounds. From the
dielectric characteristics of ferrites, we can conclude that they allow the EM waves to pass through
them. Ferrites have spinal structure. The MOFe2O: is the most common general form
conventionally used to represent ferrites and sometime also ¢an be written as MFexOq, where M is
any divalent element like zinc, magnesium, manganese, nicke] etc. Some unique properties make
them more suitable for numerous applications based on them. These properties include dielectric,
magnetic, electric properties, which were utilized in number of ways for practical applications
[22]. It is also observed that, at ordinary room temperature the normal state resistivity depends on
chemical composition and the methods which were used during synthesis of ferrites [23]. Ferrites
are further classified into two broad categories based on magnitude of demagnetization force

required to demagnetize the given ferrite materials and they are given as follows;

1. Soft ferrites
2. Hard ferrites

1.9.1 Soft ferrites

The type of ferrites material having least value of coercivity as well as having narrow M-
H loop are known as soft ferrites [24]. The lower coercivity of these materials implies that, we can
demagnetize the material with the help of very small demagnetization force against its remanence.
Mostly all those ferrites having coercivity in range of 1KA/m may also termed as soft ferrites. The
main well known applications of soft ferrites include its use in transformer and the
electromagnetics [25]. The Nickel-zinc ferrites and Magnesium-Zinc ferrite are the two example

of soft ferrites. The existence of Zn influenced the magnetic properties of these mixed ferrites. .

13
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1.9.2 Hard ferrites

The hard ferrites were discovered in 1950. As compared to soft ferrites, to demagnetize the
given hard fermte material we need large demagnetization force against its remanence. So it means
that, these material exhibits larger coercivity than soft ferrites [26-28]. The permanent magnetic is
one of the best example made up of such materials. Mostly for this type of materials, the value of
coercivity is greater than 10KA/m. Some well know examples of ferrites include strontium ferrites,
bartum-ferrite, barium-strontium mixed ferrites, cobalt ferrite and alloys of cobalt etc. These
matertals are mostly used for fabrication of communication systems, tuning devices and phase
shifter etc. Also the low-cost of fermites make them more suitable in refrigerator sealing like

applications.
1.10 Types of ferrites
The ferrites could be divided into three major types accordingly to their structure as fallows;

1. Spinal ferrites
2. Hexagonal ferrites

3. Garnets

1.10.1 Spinal ferrites

In 1951, Nishikaw and Bragg first investigated the structure of spinel group [29-31]. The
spinal ferrites are mostly designated by the formula MFe;O4, Where M is representing the divalent
metal jon like (Fe'?, Zn*?, Ni*2, Co™, Mg*? and Cd"?) etc. Spinal ferrites are also known as by
name of cubic ferrites. To understand the crystal structure of spinal ferrites we can divide its unit
cell in to eight octants. The FCC lattice made by the combination of 32 oxygen ions and have two
interstitial sites of different types and these sites are named as tetrahedral sites and octahedral sites
respectively. The three dimensional arrangement of these two cubic structure formed the resultant

spinal structure. The schematic representation of spinal structure is shown in Fig 1,12.

14
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/ \ () Cation

. Anions

Fig 1.13: llustration of Tetrahedral sites [34].

1.10.3 Octahedral sites

The octahedral sites are the combination of six anions and one trivalent cation or iron
respectively [35]. The octahedral arrangement of these anions and cation is shown in Fig.1.14. The
six oxygen anions surround the cation or interstitial atom in such a way that in octahedral
arrangement the four atoms sharing the same while on other hand one is located above and one is
located below to this plane. In a single unit cell of spinal structure have 32 available octahedral

sites out of which 16 are occupied by cations.

® () Cation
. Anions

Fig 1.14: Illustration of octahedral sites [36].
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1.11 classification of spinal ferrites

The classification of spinal fermtes is strongly based on the cations distribution between A
site or B site, 1.e. tetrahedral site and octahedral site respectively. The three well know

classification of spinal ferrites are as follow;

1. Normal spinal ferrites
2. Inverse spinal ferrites

3. Mixed spinal ferrites
1.11.1 Normal spinal ferrites

The chemical composition of normal spinal ferrites can be written as [T2"]a[R**]p04. In
this type of ferrite, the divalent cation is strictly bound to reside on tetrahedral site and trivalent
cation is strictly bound to reside on octahedral site only. The ZnFe:O4 is an excellent example
where the Fe** cations occupy octahedral site and Zn?* cation occupy the tetrahedral site only. The

eight tetrahedral and sixteen octahedral site of a unit cell are all filled [37].
1.11.2 Inverse spinal ferrites

The [R*]a[T>*R*"]p04 is the chemical composition of invers spinal ferrites. The trivalent
cations equally reside on both tetrahedral and octahedral sites. The NiFe2Oy4 is an example of such
ferrites where almost 50% of trivalent cation reside on tetrahedral site or A and rest of 50% reside
on the octahedral site or B. So the chemical composition of final compound can also be written as

[Fe** a[Ni**Fe**]504 [38].
1.11.3 Mixed spinal ferrites

This type of spinal ferrites has the hybrid structure of previous two types i.e. the structure
is in between the normal and invers spinal ferrites. The [T?*sR**15)a[T%"15 R¥*5]a04. Where 8 is
termed as inversion parameter and in case of hybnd ferrites it 1s very useful in determining the
structure of given hybrid ferrites. If 8 is equal to one then the structure of given, hybrid ferrite is
normal spinal ferrite and for & equal to zero the structure is invers spinal ferrite. So it means that,
inversion parameter values vary from 0-1. Therefor it mneans that, in these type of ferrites

distribution of divalent and trivalent cations at A and B sites is not uniform or unequal [39].
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Chapter 2: Literature review

2.1. Literature review of superconducting composites

The vanation in superconducting properties of (CuosTlo2sPbg2s)-1223 superconductor
composites after the addition of ZnO nanoparicles were investigated [1]. Properties which show
variations are critical temperature (T.), critical current density (J.) and phase volume fraction. It
was observed that these properties showed much improvement after the addition of these
nanoparticles up to a certain optimum level or (0.08 wt. %). Moreover, it was observed that at high
concentration of these nanoparticles(y> 0.8 wt. %), the grain boundaries become more resistive
and as a result increase in secondary phase was observed. On the other hand, at low concentration
of these nanoparticles the resistance of these grain boundaries decreases so as ouicome the
increased in phase volume fraction was observed. As compared to CuTIl-1223 superconductor, the

presence of Pb results in decrease of critical temperature.

The GdBazCu307.5 superconducting properties after the addition of ZnFe20O4 nanoparticles
were investigated [2]. From XRD analysis data, it was observed that after the addition of ZnFe:Os4
nanoparticles up to (0.06 wt. %) the volume fraction of Gd-123 increased. Slight retardation was
also observed with further increase of zinc ferrite concentration. SEM images shows the reduction
of inter-grain voids after the addition of nanopariicles up to optimum level. For determination of
superconducting transition temperature electric resistivity and ac magnetic susceptibility
measurements were used and it was found that when concentration of zinc fermte increased up to
(0.06 wt. %). then Tcs got higher and with further increased it got decreased. As compared to free
sample at 77K, the magnitude of critical current density J. increased by 1.6 orders with
concentration of nanoparticles up to (0.06 wt. %). It was also observed that, after the addition of
ZnFe»04 nanoparticles, phase micro-hardness improved. Moreover, Hays—Kendall. Meyer’s law,
PSR model and elastic/plastic deformation model are the different models which were used for
study of micro-hardness results

The influence of Cr203 addition on electrical transport and superconducting properties of
(Bi,Pb)-Sr—Ca—Cu—O system were investigated in detail [3]. For samnples synthesis two steps sclid
state reaction method was used. The Cr2Os added in host material in 0, 0.3, 0.5, 0.7 and 1.0 wt. %
ratios. Afier the addition, the maximwmn value of superconducting transition temperature T. and

current density Jc were observed for sample having 0.5 wt. % ratio of Cr20s. The highest {(82.25%)
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increased in volume fraction of 2223 phase was also observed up to optimal level. From
observations, 1t was concluded that superconducting and transport properties of Bi-based samples
were improved when Cr:03 added in appropriate ratio. Also in over-doped samples with Cr20s
contents, the inter-granular coupling decreased and on other hand the ratio of inter-grain weak
links increased and as result these samples had minimuin value of critical temperature. The critical
current density J. enhanced to 145.6 A/cm? for sample with 0.5 wt % of Cr.0s contents. While
overall decreased in J; shows decreasing trend.

The superconducting properties of Cug sTlysBaxCa:Cuz0y95 {CuT1-1223) supercenducting
matrix were studied after the addition of magnetic NiFe:Q4 nanoparticles [4]. Sclid state reaction
was used for the synthesis of superconducting matrix while sole-gel method was used for
nanoparticles synthesis. For the characterization of the (Ni2Fex04)x/CuT11223 coimnposites XRD,
SEM, FTIR & RT measureinents were used. The XRD pattern of (NiFe204)/CuTl-1223
composites show that the superconducting matrix remains unaltered after addition of NizFe;O4
nanoparticles. The increase in normal state resistivity (pzoox) and decrease in Tc (0) was observed
with the increase in nanoparticles concentration. The change in T. (0) and (psoo k) was most
probably due to pair-breaking and localization of these charges across the magnetic nanoparticles.
After the inclusion of NiFe2Os nanoparticles, the suppression in superconducting properties were
observed which most probably due to the scattering and localization of mobile free carriers across
nanoparticles at grain-boundaries.

The superconductive and diclectric properties of CupasTlo7sBa2Ca;CusO12-5 composite
after the addition of MgQO nano-oxide were investigated [5]. The concentration of nanoparticies
contents varied from x = 0.0 wt. % to x = 1.0 wt. % respectively. From XRD spectra it was clearly
observed that, the structure remains unaltered after the addition of nanoparticles in host. From
resistivity measurement it was observed that when the concentration of MgO nanoparticles
increased from 0.0 to 0.8 wt. % then superconducting transition temperature T. shown Increased
from 122 K to 136 K, while after reaching the optimal level further increased in particles
concentration caused the suppression of Tc up to 117 K for x = 1 wt. %. Dielectric properties of all
samples were also investigated at different values of temperatures varied from 113K to 300 K and
at different frequencies in the range from 100 Hz to 4 MHz. From results of dielectrics properties,
it was noted that for all values of x, the real part of dielectric constant is strongly dependent on the

applied values of both the temperature and frequency respectively. Its noticed that, by decreasing
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the temperature, dispersion m imaginary part of dielectric constant and loss factor were observed
and shifted towards lower frequencies.

The inclusion effects of CoFexO4 nanoparticles on the superconducting properties
including structural and normal state resistivity of YBaxCu3;07 (Y-123) and Y:BasCurOys (Y-358)
superconducting phases were investigated [6]. The CoFe;O4 concentration varied up to 2 wt. %.
A decrease in the lattice parameters a, b and ¢ was observed with increased in CoFe Q4
concentration and plus decreased in the orthorhombicity of both phases revealed by XRD analysis.
The lattice parameter ¢ of Y-358 phase exhibits more variation as compared to Y-123 phase. The
grain size reduced after the inclusion of nanoparticles of cobalt ferrite. It was observed that, the
samples electric behavior changed from metallic to insulating with CoFe;O4 nanoparticles addition
and this effect founded more promment in Y-358 structure as compared to Y-123.
Superconductivity highly suppressed after these CoFexOs mclusion and especially cntical
transition temperature of Y-358 phase. These outcomes may be attributed to the existence of higher
disorder, when Co and Fe substitute the large number of Cu sites in Y-358 as compared to Y-123.
In YBCO it was found that, higher degree of disordered in Cu sites decreased the critical transition

temperature of system.

The role of SnO; addition on superconducting properties of Bij ¢Pbo 4S12Ca2CuaO10+5 phase
were scrutinize [7]. The variant concentration of SnO; nanoparticles were used to study the
different superconducting properties of (Bi, Pb)-2223 phase. It was found that, for the SnO:
nanoparticles addition up to x = 0.4 wt % the (T J.) and volume fraction of (Bi, Pb)-2223 phase
increased. The transport current density J. improved by 58.00% when SnO- concentration varied
from 0.0 to 0.4 wt % of total mass and for same concentration of nanoparticles the T. improved by
12.00%. The effective pinning effect of SnO: nanoparticles could be an expected reason for
improvement in Jc. The superconducting parameters T, J. and phase formation of (Bi, Pb}-2223
phase decreased when SnQ; nanoparticles concentration exceed from 0.4 wt. % of total mass. The
connectivity of sup.erconducting grain reduced by the agglomeration effect caused by the high
concentration of SnO> nanoparticles between the grains and hence critical current density
deteriorated.

The (Ca02, BaO and Cu0), /CuTI-1223 superconducting composites were synthesized by
the novel solid state reaction method [8]. The intergranular weak links of the host superconductor

were found to be much improved with the increased of nanoparticles concentration as observed in
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surface morphological study or SEM analysis. The nanoparticles inclusion not only healed up the
micro-cracks but also increased the superconducting volume fraction. The frequency and
temperature were the two most important factors on which dielectric properties are strongly
dependent. The distinct properties like zero resistivity, dielectric properties and critical
temperature of the host CugsTlosBa:Ca:CuiOros superconductor exhibits opposite trend with

nanoparticles inclusion.

The varnation in microstructure and vortex pinning properties of Bi—Sr—Ca—Cu—O
superconductor after inclusion of (NiO2) nanoparticies has been investigated [9]. The 0.001, 0.002
and 0.005 were the various concentrations of NiQ: nanoparticles that was introduce in host
superconducting material. The critical temperature and lattice parameters almost rewnained
unaffected after these nanoparticles inclusion. A suppression in vortex pinning force was observed
for all added concentration of nanoparticles except the sample with x=0.002 concentration shows
the clear enhancement at 90 K, The monotonic behavior of vortex pinning force could be observed
up to the optimum level of concentration i.e. x=0.002 at temperatures above the depinning line and
higher than critical temperature of Bi-2212 phase. In phase, Bi-2223 phase volume fraction
reduced but pinning force remained unaffected. At the optimum level of NiO: nanoparticles
concentration, the increased in flux pinning is the clear evidence of increased in current density
and which of course because of improvement in inter-grain coupling.

The impact on mechanical properties of (CuosTlos)-1223 phase after SnO2 nanoparticles
addition was studied [ 10]. The addition of these nanoparticles up to 0.6 wt. % enhanced the volune
fraction of CuTl-1223 phase and it was observed that beyond this concentration its value
decreased. There were no peaks comresponds to Sn or SnO2 compounds observed in XRD spectra.
The Sn existence in bulk was conformed during EDS analysis and is the clear evidence that SnQO;
nanoparticles not entre m phase original structure. The SEM results confirmed that the density of
pores decreased and microstructure density increased with SnO:z nanoparticles inclusion. By
increasing the applied load ;.]p to 1.96 N, a decreasing trend in the micro-hardness of the studied
samples was observed and beyond this value, its shown slight decreased. While on other hand its
shown gradual increased in {CucsTlos)}-1223 phase with SnO; nanoparticles addition. Therefore,
it can be concluded that this addition effectively increased the phase micro-hardness.

The solid state synthesis route was used for synthesized the Bi; ¢Pbp4SrioCaz CusiOios

superconducting matrix [11]. The added Al-O; nanoparticles have the average size of 50 nm and
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their concentration varied from (0.0 to 1.0 wt. %). At 77 K temperature and (0.2 wt. %) of Al,O3
nanoparticles concentration the 30% increase in ~J.”” was found and this impraved “J.” bebavior
in existence of applied magnetic field either could be parallel or perpendicular surface of the
sample. However, complete pbase formation could not be achieved as the Al;O3 nanoparticles were
added 1n higher concentration which caused tbe decrease in )", So it has concluded from
observatton that, during the final processing of BPSCCO samples the Al,O3 nanoparticies addition
up to optimal level effectively enhanced its flux pinning capability and also shown some
disadvantages during (B1,Pb}-2223 formation procedure,

The vanation in J. of (BiisPbos4)SrCazCusOip superconductor after the addition of
NiFe204 nanoparticles were investigated [12]. It was found that transport critical current density
ol all the samples after the addition of NiFe;Q4 nanoparticles enhanced. It was observed that, the
samples with (0.01 wt. %) concentration of nickel ferrite nanoparticles exhtbited maximum flux
pinning properties. Therefore, it was concluded from these result that, the addition of
ferromagnetic nanoparticles effectively increased the critical current density J. of the Bi-2223
superconductor. The electric transport properties can be improved if methoed of preparation further
optimized. It was suggested that, enhancement in J. of the host (BiisPbo4)SraCa:CusOio
superconductor was due to the full vortex magnetic energy after the addition of NiFe204
nanoparticles.

The melt-texturing synthesis route was used for zirconate and calcium nanoparticles added
BSCCO superconducting samples [13]. The addition of these nanoparticles effectively improved
the various superconducting characteristics of Bi-2212 melt-textured comnposites. The critical
current density J. shows 40% increased for 1 wt. % calcium silicate nanoparticles addition. This
enhancement was found to be due to the improved connectivity between grains besides the new
pinning centers creation with calctum silicate addition. While in case of zirconate addition showed
only the creation of flux pinning centers.

The vanation in YBa>CuiOy.s (YBCO) superconducting and transport properties after
Fe3Oq4 inclusion were studied [14]. The FesO4 nanoparticles have average size of 28 nm and their
concentration in Y BayCu30;.5 superconductor varied from (0.01- 0.05 wt. %). The Four-probe
method used to find out Te. It was found that sample with 0.002 wt, % concentration exhibited the
highest T at 87 K temperature. Also at 77 K temperature the same sample bad highest J. value up
to 1683 mA/cm?’. It's indicated that in YBCO superconductor the FesO4 nanoparticles acts as

26



CHAPTER 2 LITERATURE REVIEW

effective source of flux pinning centers. It was observed up to optimal value of Fe3O4 nanoparticles
addition T. and J. of the sample increased while its excessive addition over all suppressed the
superconducting charactenistics. The thermally activated flux creep plays a major role in
suppression of J. with increased in temperature. The magnetic impurities also the cause of
suppressing the superconductivity of the samples. Therefore, 1t was proposed that, overall the

magnetic nanoparticles inclusion improved the J. of YBCO superconductor.

In absence of applied field, superconducting transport properties of (ZnFey04),/CuTl-1223
superconductor composites were investigated [15]. Solid state reaction and sole gel methods were
used for synthesis of superconducting matrix and ZnFe204 nanoparticles respectively. XRD, SEM,
FTIR and RT measurements were used to characterize the composites. Both FTIR and XRD results
showed no change in tetragonal structure of CuTl-1223 composites after the addition of ZnFe;04
nanoparticles. SEM images showed that the inclusion of ZnFe:O4 nanoparticles results in
improvement of grain size. Magnitude of diamagnetism and T. (0) decreased with the addition of
ZnFexO4 nanoparticles. The most possible reason of decrease in superconducting properties with
the induction of ZnFe;O4 nanoparticles in host {CugsTlgs)-1223 superconductor matrix was the
reflection of spin charge due to paramagnetic nature of zinc ferrite nanoparticles and the
confinement of mobile free carriers. Incorporation of Zn and Fe in lattice sites may cause decrease
of composites critical temperature T (0). The superconducting properties of these composites
exhibited non-monotonic alteration which was probably due to not uniform distribution of zinc

ferrite nanoparticles at inter grain boundaries of CuTl-1223 superconductor.

The various concentration of Co304 nanoparticles were added to (Bi, Pb)-2223 system and
as a results alteration in superconducting properties were studied [16]. The samples in which the
concentration of Co304 nanoparticles is 0.01 wt. % had higher T. value of 102 K as compared to
the pure sample which exhibited the Tc up to 100 K. The highest fraction of 2223 phase was
observed in sample. It was observed that, the flow of supercurrents obstructed due to mcrease in
Co contents. The results show that, the T. strongly dependent on size of Co304 nanoparticles. Even
though the samples superconductivity overall suppressed with addition of magnetic impurities but
with appropriate addition of these nanoparticles increased the various superconducting properties
of Bi-based samples. While, with excessive Co304 nanoparticles inclusion caused the degradation

in superconductivity of Bi-2223 phase.
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The superconducting properties of FeSeo sTeps showed significant enhancement after the
addition Sn nanoparticles [17]. These improvements in superconducting properties include
enhancement in T (K) and sharpness of transition width. The measured value of J; was 7x10°
A cm™ for the sample with Sn addition. While at 4.3 K, the same sample maintained or carry a
stable value of J; up to 3x10* A cm™ even beyond 60,000 Oe as compared to Sn nanoparticles free
samples. The morphological and phase compositional characterizations both conformed that, the
Sn addition affectively facilitate the superconducting phase formation while suppresses the Fe;Seg
impurity and amorphous phase formation. So consequently, J. improved.
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3.2 Experimental characterization techniques

The following techniques were used to characterize the resultant composites;

}. X-ray diffraction (XRD)
2. Scanning electron microscope (SEM)

3. R-T measurements
3.2.1 X-rays diffraction (XRD)

The matenals classification is based on the atoms arrangement in the crystal. In periodic
arrangement the atoms arranged their self in large numbers of series and form the parallel planes
to each other. These planes have specific distance between them and by calculating this distance,
we can find the various parameters of a unit cell, structure of the unit cell, crystal defects,

concentration of impurities in crystal etc., [2].

The very shorter wavelength of the X-rays allows them to penetrate deep into the materials
and also havimg property to diffraction from the atoms of these materials. The target material which
is normally used for X-ray generation is copper and the resultant X-rays which are produced have
wavelength about 1.54 A [3). The basic principle of X-ray diffraction based on the interaction of
X-ray of wave length A with material and the detection of diffracted X-rays from the material by

the detector [4]. Bragg’s Law is used for the explanation of diffraction pattern.
3.2.1.1 Basic principle

The X-ray beam when incident on the crystal interact with its atoms then it accelerates the
electron oscillations as shown in Fig. 3.6. Frequency of both incident beam and oscillating
electrons mostly identical. The distractive interference will be observed as result of out of phase
ray’s mteraction and contrary to this constructive interference take place in the direction of regular
and periodic arrangement of atoms and cause by in phase rays interactions. The Bragg's Law well
explained this phenomena of constructive interference [5]. The XRD basic working mechanism is

schematically as shown in Fig. 3.5.
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3.2.2.1 Different parts of SEM

The Electron Gun

The electron gun is positioned at very top or bottom of the column and its purpose is to
produced very instance electron beam. Conventionally two types of electron guns that normally

used are
Thermionic Gun

In this type of gun, the material use for filament fabrication s normally tungsten and it is
used because of its high melting point. When thermal energy supplied to filament, electrons

emitted from the filament in form of electron beam that later fall upon the specimen.
Field Emission Gun

In this type of electron gun, the electrons are ejected form atoms by applying the strong

field. As compared to thermionic gun, this electron gun has more advance features.
Lenses

The lenses used in SEM have the same function just like the lenses used in ordmary optical
microscope. However, the image formed by SEM lenses are more magnified and clear for detail
studies. The lenses used in SEM are made up of magnets that are also known as by the name of
condenser lenses. The unique capability of these condenser lenses to de-magnify the electron beam
for the purpose to focus it on the target specimen. The objective lens is another condenser lens use

for the purpose of control the electron beam size that later strike the surface of the target sample.
Scanning System

In this pan, the beam of electron scans the target sample in regular manner to form its
image for further studies purpose. The electron beam can be push or deflect with the help of

scanning coil.
Sample Chamber

In this chamber, we place our test subject or sample that need to be examine. The extremely

static position durning scanning process is compulsory to get clear image. So therefore the sample
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3.2.2.2 Energy dispersive X-rays analysis (EDX)

This technique widely used to identify the elemental composition of any compound very
accurately and commonly known by the name of (EDX} analysis [12]. The EDX is an integrated
feature of SEM apparatus. The basic principle of EDX analysis based on emission of characteristic
x-rays from a target sample or specimen when incident x-rays beam strikes it. This incident X-ray
beam consist of huge number of high-energy electrons. As we know that, usually the electron
inside an atom always occupy discrete energy levels. So therefore, when incident x-ray beams
excite electrons from any lower shell by creating a vacancy, which filed by the electrons from

some higher energy shell by releasing its excess energy in form the X-rays.
3.2.3 Four-probe method used for resistivity measurements

For resistivity measurements of any superconductor, mostly the four-probe method is used.
Through this method, we not only measure the resistivity but also can find its critical temperature
T.(R=0) of our specific material. The few very conventional reasons for resistivity of any
conducting material are atomic scale vibrations or simply atomic vibrations, irregular electron-

electron interaction produced by the presence of defects in crystal lattices [13-14].

For the practical use of four-probe, we attached all four probe to the surface of the rectangular bar

shape sample through low resistance contacts. Ohms law is very useful in resistivity measurements

|74

R== 3.2
i

In above equation V and I represent the applied voltage and current respectively. It was also found

that the resistance is strongly depend on the geometry of given sample i.e.

L
RO = e 33
A

Therefore, the resistance R is clearly directly proportional to length L and inversely proportional

to A area of the sample.

L
R—pz ................................ 3.4

42












CHAPTER 3 SYNTHESIS AND CHARACTERIZATION TECHNIQUES

References

[1] Cao, Guozhong, "Synthesis properties and applications” Imperal college press, London,
(2004).

[2] B. E. Warren, X-ray Diffraction. Dover Publications, (1969).
[3] H. P.Klug. and L. E. Alexander, “X-Ray diffraction procedures for polvcrystalline and
Amorphous materials™ Wiley, (1974).

[4] G. Gilli, "Fundamentals of Crystallography™ Oxford university press, UK. (2002).
[51 B.E. Warren, "X-ray Diffraction” Courier corporation, U.S.A. (1969).
[6] C. Kittel, "Introduction to solid state physics” 7th ed. Wiley, India (1995)

[7]1 H. P. Klug, and L. E. Alexander, "X-Ray diffraction procedures: for polycrystalline and

amorphous materials" 2™ ed. Wiley-interscience, New York (1974).

[8) B.Cheney, "Introduction to scanning electron microscopy" San Jose State University press

(1995).

[9] L. Reimer, Scanning electron microscopy, "Physics of image formation and microanalysis"
Springer, (1998).

[10] J. Cazaux, “Mechanisms of charging in electron spectroscopy” J. Elec. Spect. Rel. Phen.
105 (1999) 155.

[11] Tursunov, Obid, Jan Dobrowolski, Kazimierz Klima, Bogustawa Kordon, Janusz
Ryczkowski, Grzegorz Tylko, and Grzegorz Czerski, "The Influence of Laser Biotechnology on
Energetic Value and Chemical Parameters of Rose Multiflora Biomass and Role of Catalysts for
bio-energy production from Biomass: Case Study in Krakow-Poland." Werld J. Environ. Eng. 3

(2015) 58,

-+

[12] N.Unakar, J. Tsui, and C. Harding, "Scanning electron microscopy”. Ophthalinic research
press, U.S.A. (1981).

[13] F. Gomory, "Characterization of high-temperamure superconductors by AC susceptibility
measurements” Supercond. Sci. Technol. 10 (1997) 8.

[14] F. Gomory, “Superconductor science and technology™ 10 (1997) 523.

46



CHAPTER 3 SYNTHESIS AND CHARACTERIZATION TECHNIQUES

[15] T. G. M. Kleinpenning, "Theory of noise investigations on conductors with the four-probe
method," J. Appl. Phys. 48 (1977) 2946.

[16] P. R. Griffiths, and J. A. D. Haseth, “Fourier transform infrared spectrometry” J. Wiley &
Sons, (2007).

[17] J. R. Ferraro, and L. J. Basile, “Fourier transform infrared spectroscopy: applications to
chemical systems” Academic Press, (1982).

47



CHAPTER 4 RESULTS AND DISCUSSION

Chapter 4: Results and Discussion

4.1 X-Ray diffraction analysis

The XRD technique is most widely used for structure analysis of all materials [1].
Moreover, this technique also being used for calculating the average crystallite size of the given
sample. XRD spectrum of manganese ferrite (MnFe204) nanoparticles is shown in Fig. 4.1. The
peaks at 20 = 29.70°, 34.98°, 42.52°, 56.19°, 61.65° were indexed to (220}, (311), (400}, (511) and
(440) which confirms spinel structures of manganese ferrite nanoparticles by following the space
group Fd-3m with lattice parameter a = 4.89 A, To estimate and find out the crystallite size of

nanoparticle particles, we used Debye-Scherer’s foermula

kA

In above equation (4.1), the D, 6, A and K are corresponding to average crystallite size, Bragg's
angle, incident rays® wavelength and a dimension less constant quantity with value of 0.9. The

calculated average particle size of MnFe;O4 nanoparticles is "20° nm.
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Fig 4.1: XRD pattern of MnFe;Q4 nanoparticles.
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The structure analysis of all (MnFe204)x/CuTl-1223 composites was accomplished with
the help of X-ray diffraction method (XRD). The majority of indexed peaks conformed as the
tetragonal structure of CuTl-1223 phase through computerized check cell software according to
{(space group: P4/mmm). Afier analyzing all the acquired results, it was observed that the
{(MnFe»O4) nanoparticles inclusion in host CuTl-1223 superconductor have very minute effects on
its stmacture and stoichiometry. While some minor variation of both a and ¢, the cell parameters

can be related to stress and strain produced as a result of these nanoparticles inclusion with in the
host superconductor material.

In the (XRD) spectra of all composites, some shifting of well-indexed peaks towards higher
angles is observed which most probably due to nanoparticles inclusion in host material. The un-
indexed peaks are labeled with distinguishable sign to indicate the presence of some other
impurities presence in our composites [2-6]. These impurities include CuT}-1212 and CuTIl-1234

phases and some unknown impurities and labeled with different sing. The (XRD} spectra of all

composites with various concentration are shown in Fig 4.2,
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4.5 Resistivity measurements

The dc-resistivity versus temperature measurements of (MnFe;Os)/CuTl-1223
superconductor composites added with various concentration of MnFe>O4 nanoparticles varied as
(x =0, 0.5, 1.5 and 2.0 wt.%) are shown in Fig.4.6. As we know that in superconductors with
higher T, the resistive broademing is mainly due to critical temperatures of two types. One is
defined as Tc™ (K) at which formation of Cooper pair take place and second one is T, (0) at
which given material transfer into bulk superconducting state. The value of T, (K) depends on
material electronic properties while on other hand, value of T. (0) depends upon material micro-
structural properties and the density of carmiers in CuQ: planes. The material tends to have lower
T: (0) is most probably due presence of voids and weak inter-grain connectivity, as compared to
another material with packed and well connected grains in spite of their equal T.° (K) values

[10-15].
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Fig. 4.6: Resistivity vs temperature measurements of (MnFe>04),/CuTI-1223 superconductor
composite with x =0, 0.5, 1.5 and 2.0 wt. %. (a) variation in T, (K) verses x.
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The measured values of T, (K) for the samples with added nanoparticles concentration of (x =
0, 0.5, 1.5 and 2.0 wt.%) are around 94 K, 91 K, 90 K and 92 K respectively as shown Fig.4.6(a).
Here monotonically decreasing behavior of T.™" (K) is not surprising because these added
nanoparticles are magnetic in nature and have an ability to suppress the overall superconductivity.
Most vexing problem in these composites is the uniform and homogeneous distribution of
MnFe;O4 nanoparticles at inter-grain boundaries of host CuT1-1223 superconductor. Therefore,
the non-monotonic behavior or change in normal state resistivity of (MnFe204)/CuTl-1223
superconductor comnposites is most probably due to the inhomogeneous distribution of manganese

ferrite nanoparticles at the grain-boundarnes of the bulk materials.
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Conclusion

We have successfully synthesized (MnFe;QO4),/CuTi-1223 composites by adding
manganese ferrite nanoparticles in CuT1-1223 superconducting matrix in different concentrations
from x = 0 to x = 2 wt.%. XRD analysis of nanoparticles and superconductor matrix revealed the
spinal and tetragonal structures, respectively. The calculated average crystallite size of MnFe,Oq4
nanoparticles by using Debye-Scherer’s formula was found equal to 20 nm. Results obtained from
XRD and FTIR analysis both conformed that the inclusion of MnFe204 nanoparticles doesn’t
altered structure of our host CuT1l-1223 phase. Improvement in grain size and reduction in pores
and voids density were observed in SEM images, which shows the incorporation effects of
MnFe;04 nanoparticles between the grains of host CuTl-1223 phase. Overall decrease in T
(K) after inclusion of MnFe2O4 nanoparticles in CuTl-1223 phase is an expected evidence for
having same decrease in Tc (0) and magnitude of diamagnetism. This observed suppression in
superconducting enhanced properties is most likely due to enhanced scattering of cooper pairs
across magnetic (MnFezO4) nanoparticles. The non-monotonic variation in both, normal state
resistivity and superconducting properties of (MnFe;04),/CuTl-1223 composites is most probably
due to inhomogeneous distribution of (MnFe;Q4} nanoparticles at the grain-boundaries of

superconducting composites.

59



CHAPTER 4 RESULTS AND DISCUSSION

References

[1] C. Giacovazzo, "Fundamentals of crystallography” Oxford University Press, (2002}).

[2] A. Jabbar, I. Qasim, S. A. Khan, K. Nadeem, M. Wagee-ur-Rehman, M. Mumtaz, and I

Zeb, "Highly coercive cobalt ferrite nanoparticles-CuTI-1223 superconductor composites”

J. Magn. Magn. Mater. 377 (2015) 6.

(3] M. Mumtaz, S. Naeem, K. Nadeem, F. Naeem, A. Jabbar, Y. R. Zheng, Nawazish A. Khan,
and M. Imran, "Study of nano-sized (ZnFe»Q4)y particles/CuTl-1223 superconductor
composites” Solid State Sci. 22 (2013) 21.

[4] Nawazish A, Khan, A, Saleem, and S. T. Hussain, "Enhanced inter-grain connectivity in
nano-particles doped (CugsTly.s)Ba;Ca2Cua0o-s superconductors” J. Supercond. Nov.

Magn. 25 (2012) 1725.

[5] G. Hussain, A. Jabbar, I. Qasim, M, Mumtaz, K. Nadeem, M. Zubair, S. Q. Abbas, and A A,
Khurram, "Activation energy and excess conductivity analysis of (Agh/CuTl-1223
nanosuperconductor composites” J. Appl. Phys. 116 (2014) 103911.

[6] K. Nadeem, G. Hussain, M. Mumtaz, A. Haider, and S. Ahmed, "Role of magnetic NiFe;O4
nanoparticles in CuTI-1223 superconductor.”" Ceram. Int. 10 (2015) 15041.

[7] B. A. Albiss, I. M. Obaidat, M, Gharaibeh, H. Ghamlouche, and S. M. Obeidat, “Impact of
addition of magnetic nanoparticles on vortex pinning and microstructure properties of Bi-Sr-Ca-
Cu-O superconductor” Solid State Commun. 105 (2010) 1542.

[8]C. Y. Huang, H. H. Tai, and M. K. Wu, "HIGH-FIELD AND MICROSTRUCTURE STUDIES
OF SUPERCONDUCTING n YBa>Cu3Oy: AgO COMPOSITES." Mod. Phys. Lett. B 06 (1989)
525,

[9] A. Jabbar, 1. Qasim, K. M. Khan, Z. Ali, K. Nadeem, and M. Mumtaz, "Synthesis and
superconducting properties of (Au)/CuTIl-1223 composites” J. Alloys Compd. 618 (2015) 110.
[10] N. Novosel, D. Pajic, Z. Skoko, M. Mustapic, E. Babic, K. Zadro, and J. Horvat, "The
Influence of CuFe204 Nanoparticles on Superconductivity of MgB:" Phys. Procedia. 36 (2012)
1498.

[11]C. Ke, C. H. Cheng, Y. Yang, Y. Zhang, W. T. Wang, and Y. Zha, "Flux pinning behavior
of MgB: doped with Fe and Fe2O3 nanowires” Phys. Procedia. 27 (2012) 40.

60



CHAPTER 4 RESULTS AND DISCUSSION

[12] N. Novosel, and E. Babic, "Influence of magnetic nanoparticles on superconductivity of
MgB," Physica C 493 (2013) 119.

[13] N. H. Mohammed, A. I. Abou Aly, R. Awad, I. H. Ibrahim, M. Roumie, and M. Rekaby,
"Mechanical and electrical properties of (Cuo.5Tly.5)-1223 phase added with nano-Fe203"

J. Low. Temp. Phys. 172 (2013) 234.

[14]1.C. Zhang, F.Q. Liu, G.S. Cheng, J.X. Shang, J.Z. Liu, $.X. Cao, Z.X. Liu, Phys. Lett. A
201 (1995) 70.

[15] P.F. Miceli, J.M. Tarascon, L.H. Greene, H.P. Barbou, F.J. Rotella, J.D. Jorgensen, Phys.
Rev. B 37 (1988) 5932.

61



