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Abstract

Vortex dynamics in NiFe;O4 nanoparticles added (CugpsTlys) BapCayCuzOyos (CuTl-1223)
superconductor [(NiFe;Oy),/(CuTl-1223); x = 0, 0.25 and 0.50 wt. %) have been studied by using
magnetic field (0 to 6 T) dependent resistivity versus temperature (p-T) measurements. The NiFe;O4
nanoparticles and bulk CuTl-based superconducting matrix were synthesized separately by sol-gel
method and solid-state reaction method, respectively. Initial structural characterization was done by
using X-ray diffraction (XRD). XRD analyses confirmed the spinel ferrite structure and tetragonal
structure of NiFe;O4 nanoparticles and bulk CuTl-1223 superconducting matrix, respectively. There
were no significant changes were observed in the lattice parameters of bulk CuTi-1223
superconducting matrix with the addition of these nanoparticles. Scanning electron microscopy
revealed the granular structure of bulk CuTl-1223 superconductor. The zero resistivity critical
temperature (T¢ (), critical transition temperature onset (T (omer)) and glass transition temperature
(Ty) were decreased with the increase in applied magnetic field from 0 to 6 T. The normal state
resistivity (psoo (K)) was enhanced with addition of nanoparticle. The double transitions for all
concentration of NiFe;O, nanoparticles have indicated the existence of vortex-glass phase. The
resistive broadening AT has been observed with the increase in applied magnetic field. The
activation energy (U,) as determined from the Arrhenius plot of the p-T follow a power-law decrease
(U, o« H™) with magnetic field. The overall decreasing rate in activation energy could be due to
diffusion of nanoparticles across the grain-boundaries.
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Chapter 1

INTRODUCTION

1.1 Discovery and Evolution of Superconductors

Superconductivity has been known for about a century, the concern in superconducting
materials and the mechanism behind such a remarkable phenomenon is still enormous.
Superconductivity is one of the most interesting field for research because of its special properties
like resistivity, conductivity etc. This phenomenon was first discovered in 1911 by a Dutch physicist
Kamerlingh Onnes [1]. He observed it first in mercury which is a low temperature superconductor.
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Fig. 1.1: Types of superconductors and advancement in T, verses years [2).
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Superconductors have zero electrical resistance and they can transport current without power
losses, so they have a lot of potential applications, for example magnetic suspending trains, magnetic
resonance imaging, magnetic levitation devices etc. At low temperatures most of the elements in the
periodic table get to be superconducting, while some of them achieve superconductivity at high
temperature as shown in Fig. 1.1, The most prestigious property of superconductors is the absence of
electrical resistance below critical temperature T as shown in Fig. 1.2.

Fig. 1.2 : The phase transition between the normal conductor phase and superconductor phase [3),

Zero resistivity means infinite conductivity. In superconductor, current flows without any
resistance because of the pair of electrons named “Cooper pair”. But if current density (J;) becomes
smaller than the value of current passes through the conductor, superconductivity vanishes. This
phenomenon cannot be described by the conventional Maxwell's equations for electromagnetism,
they should rather be modified to incorporate superconductivity. The electromagnetic behavior of 2
superconductor is not properly defined by the property of zero resistivity. In 1933 W, Meissner and
R. Ochsenfeld observed that at temperatures below T, the magnetic field was equivalent to zero
inside a superconductor and above T. the superconductor have non-zero field inside it and after it
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cooled below T, [4]. The removal of the magnetic flux in a superconductor, is known as the
Meissner effect. A well-known experiment demonstrating the Meissner effect is to put a standard
magnet on a superconductor at room temperature and afterward cool it below T.. Above T,, the
magnetic flux from the magnet penetrates the superconductor but when T, approaches, all the
magnetic flux is forced out of the superconductor as shown in Fig. 1.3, which then lifts the magnet
from the superconductor, making it drift above it.

Fig. 1.%: A superconductor expels the magnetic flux in the presence of an external field (T < T.) when cooled below T,
while the flux would remain the same in a perfect conductor [5].

It had been considered that the field of superconductivity was almost completely understood,
However, later on the high-temperature superconductors (HTSCs) have been discovered by
Bednoorz and Miller, this field was opened once again [6]. One of the most exciting advancements
in this renewed field is the disclosure of new vortex phases, resulting in a rich phase diagram of the
vortex matter. Over the years superconductivity has attracted a large attention. In fact several Nobel
prizes have been awarded for discoveries within this research area, the most recent in 2003 to A. A,
Abrikosov and V. L. Ginzburg for phenomenological theory on HTSCs. In 1987 J. G. Bednorz and
K. A. Mitller received their Nobel Prize for the discovery cuprates HTSCs. Since then, an impressive
amount of work has been done to understand the properties of HTSCs superconductors.




Chapter no. 1 Introduction

1.2 Critical Parameters of Superconductivity

1.21 Critical Temperature (T.)

This is the most prominent temperature at which superconductivity takes place in a
superconductor. Below this transition temperature T, the resistivity of the material is equal to zero
as shown in Fig. 1.4 [7].

Fig. 1.4: Critical temperature verses resistivity [8].

122 Critical Magnetic Field (H,)

The superconductivity of the material will be demolished and the normal resistance can be
rebuilding up from the diligence of magnetic field. The applied field at which superconductivity
vanishes is recognized as “Critical Magnetic Field”, This is denoted by H.. Silsbee give the
comparison among H, vs. T as shown in Fig. 1.5 [9, 10].
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‘\g
Fig, 1.5: Applied magnetic field verses temperature [9).
123 Critical Current Density (J;)
< The superconductor loses its superconductivity with the increase in current (I) at certain
' point, That point is called critical current and is denoted by J... It has encouraging applications in the
field of wire technology [11].
o

Fig. 1.6: Superconductor I-¥ curve [11].
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1.3 Type-1 and Type-II Superconductors

Superconductors discovered first are named as type-l superconductors. They have a simple
phase diagram as shown in Fig. 1.7. For type-l superconductors, the material is always in the
Meissner effect state and expels magnetic field below H(T) ¢.g. tin, mercury ¢tc. They illustrate
perfect diamagnetic behavior due to which they expel magnetic fields. There is only one point in the
phase diagram where such statement goes wrong is zero applied magnetic field. The induced applied
magnetic field cancels due to rapid change in superconducting state to normal state,

Fig, 1.7: Type-l superconducior phase diagram [12].

In 1930, type-II superconductors were discovered and in 1957 Abrikosov explained it
theoretically. Type-II superconductors have a slightly more complex phase diagram as shown in Fig.
1.8. They do not change rapidly from superconducting state to normal state. [13]. They have two
thermodynamic critical fields, He; and Hep. Below H,; type-I1 superconductors have zero resistivity,
they expel magnetic field and their normal state is above H;. Type-II superconductors are different
from type-I because of two critical fields. For Hey < H < Hez, magnetic-flux will penetrates into the
vortices of superconductor with a quantized quantity of magnetic flux. The electrons inside the cores
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of these vortices are in the normal state, whereas the electrons outside the cores are in the
superconducting state.

Fig. 1.8: Type 1 superconductor phase diagram [13],

When vortices come in a superconductor, it is called the vortex state or mixed state. When a
current is applied, the vortices move because of the Lorentz force and the electrons in the vortex
cores can dissipate energy. Hence there is zero resistance and non-superconducting mixed state.

1.4 Vortex Glass Transition

In 1985, the highest T, of superconductor was 23 K. In 1986 a new type was discovered with
T. =35 K and soon a new materials with T, = 92 K discovered. These new materials gave rise to re-
testing of all faces of superconductivity and are named HTSCs. Fisher, Fisher and Huse (FFH)
predicted the bepginning of a new phase in superconductors called the vortex-giass phase [14-15].
FFH predicted that dissipation caused in the mixed state of type-II superconductors is due to
vortices. At low temperatures the vortices should become pinned thus allowing a passage to a
superconducting state is called the vortex glass phase transition as shown in Fig. 1.9.
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Fig, 1.9; Voriex-glass to liquid phase transition in Type-II superconductors [15].

The increase in temperature will permit the vortices to start their motion and dissipate energy,
thus He; is no more a phase transition but a2 wide, continuous crossover to the normal state. Thus, the
normal-superconducting transition is required as the vortices suspend at Hy(T). Since the vortices are
not expelled of the superconductor and there is no energy cost to slow the dynamics of the vortices,
the vortex glass phase transition is required to be second-order.

1.5 BCS Theory and Cooper pair

In classical physics the metals have resistance which is due to Iattice’s vibrations (phonons)
and collision of free electrons. The scattering of electrons from the defects or impurities is also
responsible for the resistance inside the conductor, The macroscopic theory of superconductivity was
discovered in 1957 by J. Bardeen, L. Cooper and J. R. Schrieffer called BCS Theory [16]. The
fundamental characteristic of this theory is about two electrons in the superconducting material
which are capable to make bound-pairs named Cooper-pairs. This theory appears unreasonable
because electrons generally repel each other due to same charges. When electron goes on the lattice
and the positive subatomic particles tries to attract it, inducing a deformation from their normal

places.
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»
Fig. 1.10: Motion of cooper pairs at extremely low temperatures [16].
=
The second Cooper pair partner appears and is pulled by the moved subatomic particles, this
second electron can simply be pulled to the lattice deformation if they have enough ions to bring
back to its equilibrium places. The entire linear momentum of 2 Cooper pair should be zero. This
intends them to move in reverse ways as shown in Fig. 1.10.
.3 Fig. 1.11: Phonon interaction and Jattice spacing between Cooper pairs of electrons {17].
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In case of minimal energy site no collisions occurs within the lattice. A small energy is
required to demolish the superconducting phase and come through normal which is called the
energy-gap as shown in Fig. 1.11 [17).

1.6 Ginsburg Landau (GL) Theory

In 1950, Ginzburg and Landau applied Landaw’s genmeral theory of phase transitions to
superconductors. They introduced a complex superconducting order parameter y and expressed the
free-<energy function in terms of a series expansion of this order parameter and applied fields. This
phenomenological theory which does not explain the microscopic origin of superconductivity,
because it is mathematically much easier than the microscopic theory. Since the frec-energy
functional is a series expansion in y it is strictly valid only in the vicinity of the superconducting
transition, that is T, — T < .. Imagine the slimness of |y{ in terms of its gradient, equation which
can represent all the parameters can be showed as

- Fyvabf + it s cno -2y + 2L
FoFvalyf + Tl 45 lomv -2etyf+ 7 S B

Where o and § were handled as parameters, F, is normal phase Gibbs free energy, e is charge
of an electron, m is the effective mass, A is magnetic flux. Vector potential and B is magnetic field.
Considering the derivative of the free energy to determine the result we can acquire GL equations as,

Areg 1 2
aly|+= ] +e=—(=thV —=2edy'y =0
I l 2 IWI 2m O e, (1.2)

J =2 Re{y" 0V - 204}

Where J is the current density without any logs and re-expresses the real part, although Eq. 1.3
demonstrating the rate of magnetic field applied [18].

10
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1.7 Coherence length (£) and Penetration Depth ()

From the GL theory the outcomes were the coherence length (£) and penetration depth (). It
comparison is shown in Fig, 12,

The coherence length,

£ [#
\2mo] OO )

The penetration depth of the superconducting phase can be written as

A= , i
2
oo e (15)

In the absence of applied magnetic field the equilibrium is presented by (y,) which shows
that the external applied magnetic field passes to the surface of the superconductor {19). The ratio

among (K = i;-) represents the GL parameters.

For Type-1 superconductors, 0<K> 715
For Type-Il superconductors, K> 715

Fig. 1.12: Coherence length and penetration depth comparison for Type-I and Type-TI superconductors [201.

11
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1.8 Structure of Cuprate High Temperature Superconductors

The general structure of cuprate HT'SCs superconductor single unit cell is shown in Fig. 1.13
[21], which demonstrates the superconducting blocks and the charge blocks in HTSCs, The
superconducting blocks generally combined with two charge blocks. This block provides path to
conducting electrons as charge block act as charge source. The HTSCs comprise of CuQ» layers and
these layers are located on one another on Ca layers [22]. The excess of CuO; layers is responsible
for high T; and this fitting gets significant for high anisotropy in steady conducting and
superconducting properties. The conduction is a lot anisotropic parallel 1o CuQ» plane. The HTSCs
comprise of CuO; layers and these layers are located on one another on Ca layers [22]). The excess of
CuO; layers is responsible for high T, and this fitting gets significant for high anisotropy in steady
conducting and superconducting properties. The conduction is a lot anisotropic parallel to CuO,
plane. The ceramic compounds are not uniform simply chain of connected grains which disturb the
rate of flow of current. Throughout the shaping of the crystal, it is assured that all impurities are
gathered at grains limit which block the current. The angle among grains too blocks the flow of
super current [23-24].

Fig. 1.13: Structure of a single unit cell of HTSC YBCO [21].

12
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1.9 Vortex dynamics

The vortices are not randomly spaced in a clean sample. The vortex dynamics depends on
several different forces. One is the Lorentz force, which tries to move the vortices, second is the
pinning force which mission is to lock the vortices in normal conducting defects in the
superconductor, and third is the elastic energy of the vortex lattice due to vortex-vortex interactions.
There are also thermal energies, and at high enough temperatures (high thermal energies) the pinning
barriers become very small compared to the thermal energies and that region is called the flux flow
region. All these energies together form the phase diagram for high temperature superconductors. At
a certain temperature, the vortex lattice melts into a so called vortex liquid, below this temperature
there is a so called vortex solid.

The super current circulating every vortex creates a repulsive force keeping them as far as
possible from each other, even pushing them out of the superconductor. But above H,; the lowest
energy is with vortices, so there is a force trying to maintain a constant flux density in the
superconductor and prevent vortices from leaving the sample. The balance between these two forces
creates equilibrium where the vortices are held in a triangular laitice. The movement of vortices
creates an electric fickd parallel to the current J, this electric field causes the superconductor to be
resistive as shown in Fig. 1.14. From this it can be concluded that there must exist a force,

preventing the vortices from moving around otherwise type-II superconductors would not exist.

This force comes from the defects in the material and the phenomenon is known as vortex
pinning. Pinning is most effective at low temperatures, when the thermal fluctuations are low,
because at higher temperatures the flux lines can move, even though the current density is less than
Jc. When the current density is larger than J, the viscous force is the only force counteracting vortex

movement. A measure of this is called the flux flow resistivity.

13
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Fig. 1.14: Vortex dynamics in Type-II superconductors {23].

At high temperature, the thermal energy can be high enough to make flux lines to jump from
one pinning-center to another. This phenomenon is called flux creep [25-26], and the jump rate is
given from activation energy of the pinning barrier. The probability of a jump in one direction is the
same as in all directions if there is no current applied. But when a current is applied a flux density
gradient is introduced, which favors jumps in the direction given by the Lorentz like force on the
vortices [27-28].

1.10 Thermally assisted flux motion

The Type-II superconducting materials show Ohmic behavior at low temperature in magnetic
field. In that case the pinning-barriers are very prominent as compared to the thermally energy but
still finite. The Thermal Assisted Flux Flow (TAFF) model describes the physics in this state. This
mode! was introduced in 1989, three years afier the discovery of HTSCs in 1986 [29]. It is possible
to express the resistivity p, and pinning energy U, are flux and temperature dependent. It is seen that

14
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the logarithm of the resistivity is roughly proportional to the inverse of the temperature. The graph of
Inp as a purpose of 1/T is known as an Arrhenius plot and the linear low resistance part is called the
TAFF region [30].

1.11 Nano science and Nanotechnology

“Nano” is the Greek word which means dwarf. Nowadays “Nano” is a prefix which means
magnitude 10 and then nanomaterial are determined as a material having dimension below the
range of 100 nm. Big attempts have been made to realize and contro] these materials. Nanoscience is
the area whose research is centered on the study nanoscopic systems of physics, chemistry, biology,
etc. as shown in Fig. 1.15 [31]. Nanostructures have unfike properties when comparison with the
butk materials.

~ Dlametér of Human Hair
Rgd Blosd Cell

 Milliécer
10%m

Fig, 1.15: Comparison of the nanoscale [29).

1.12 Surface to Volume Ratio

When size of a material is decreases the ratic among the surface and the volume enhance. The
increase of the surface area contributes in an increase of superficial atoms, which are more
responsive because their interphase comprising free atomic orbitals [32]. The surface to volume ratio
is associated with the surface tension, which is higher for nanoparticles as shown in Fig. 1.16. This
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uncomfortable energetic state makes the collection and concretion of the nanostructured materials to
reduce the superficial energy.

sides =3 sides = 2 sides =1

surface = 32x 6 = 54 surface = 22 6 = 24 surface = 12x6 = 6
olume = 3 =27 volume = 23 = 3 volume £ 13 =1
surface/voluime % suiface/volume % surface/volume :

Fig. 1.16: Surface to volume ratios [33],

To avoid collection and keep their nano size, some physico-chemical methods are used to stabilize
the nanoparticles [34].

1.13 Ferrite Magnetic Nanoparticles

Ferrite nanostructures are a subclass of magnetic nanoparticles based on an iron oxide
structure, the magnetite. Magnetite is an iron and iron oxide (Fe;04), and by substituting the iron by
another divalent cation, a new family of compounds is introduced the ferrites (MFexO4). These
compounds have been structurally and magnetically studied for ages due to their magnetic
applications, and nowadays, new future perspectives to use these compounds in a nanoscale size are
being developed [35).
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1.14 Spinel Structure

Spinel structure at bulk scale presents a ferri-magmetic behavior, where the orientations of the
magnetic spin of the cations situated in the octahedral sites are antiparallel with which ones of the
tetrahedral (Td). The spin magnetic moment is in the diagonal direction of the crystallographic cube
(direction [1 1 1]). Global net magnetism can be determined by the difference in the contribution of
the Oh and Td sites [36]. This modifiable parameter comes from the electronic configuration of each
atom, because it gives different magmetic properties depending on their electronic configuration.
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Fig. 1.17: Partial representation of the magnetic unit cell of the spinel structure [38].

Magnetic properties of spinel ferrite have been studied to control, adapt and apply their behavior
to new systems in different scientific and technical fields. Nowadays, the development of new
nanostructured systems generates a new vision of applications, because ferrites present a super-
paramagnetic behavior. Interest in these nanostructured magnets have been increase exponentially
last years due to the new generation techniques and applications [37-38].
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1.15 Nanoparticles/Superconductor Composites

Different types of nanoparticles were added in different families superconducting matrix. Each
type of nanoparticles have different effect on the superconducting properties of the superconductor.
One of the promising cuprates HTSCs series, (CupsTlgsBa;Cay. i CunO2n445)(CuTl-12(n-1)n); (=2,
3, 4,.....,) this high T, cuprates family can be easily synthesized at ambient pressure [39]).
{Cug s Tlp5)Ba;Ca;CusO; 05 (CuT1-1223) phase have the highest values of almost all superconducting
parameters as compared to other phases of this family., So, this CuTl-1223 is one of the most
encouraging contender for advance investigation and innovative applications. Its general bulk
structure is grainy and porous in nature. Many research groups are working in this field to increase
the superconducting properties by reducing these imperfections and enhancing the superconducting
volume fraction [40). The magnetic nanoparticles act as effective pinning centers in the bulk
superconductors. The superconducting properties are enhanced by using different oxide
nanoparticles and from the addition of InyO; and SnO; nanoparticles in bulk CuTl-1223 volume
fraction was increased [41-42). From the addition of Fe,O; nanoparticles the superconducting
properties of CuT1-1223 was improved [43]. To continue the series of our project we added magnetic
NiFe;O; nanoparticles in the bulk CuTl-1223 superconducting matrix and we have found the
decrease in T g, activation energy and glass transition temperature T,
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Mohammad ef al [1] studied the CuTI-1223 superconductor’s transport properties with the
addition of nanoparticles of SnO, They use ceramic method for the synthesis of CuTl-1223
superconducting matrix. After the increase in nanoparticles concentration, the samples are analyzed
by some different techniques. To study the crystal structures and phase changes XRD is used. EDS
analysis is used to examine the absence of nanoparticles of SnO; in phase structure. They observed
that with the increase of nanosized SnO; bettered the stiffiess at micro level.

Elokret e @l [2] examined the nanoparticles of zinc oxide, synthesized by using co-
precipitation technique, they determined that the increase of these ZnO nanoparticles in CuTl-1223
superconductor was inserted because the betterment in the attributes of superconductor with the
increase in concentration of ZnO nanoparticles. Enhancement in resistance at grain boundaries and
superconductors secondary phase is increased with the increase in nanoparticles concentration.
While the decrease in resistance of the grain boundaries and increase in secondary phase was noticed
with the addition in ZnO nanoparticles concentration.

Nadeem e al. [3] studied the (Ni/NiO)/CuTI1-1223 nanoparticles/superconductor composites.
They use ceramic method for the synthesis of superconductor and sol-gel method for the synthesis of
nanoparticles. Throughout their analysis they determined that the critical temperature (T.) of the
superconducting composite matrix was decreased by increasing Ni/NiO nanostructures, which is due
to pinning of mobile free carriers and cooper-pair breaking.

Ghorbani et al. {4] studied the vortex-liquid to vortex-glass transition in Bag 2Ko2:FerAs;,

BaggCop FesAsz, and Ba(FeoqsNipos)As; single crystals with T, = 31.7, 173, and 18 K,
respectively, by magneto resistance measures. They observed that by doping K results in a high glass
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transition boundary near H;;, when magnetic Ni and Co doping cause a low glass line which is far
away from the Hc.. Their results suggest that magnetization free caused disorder is more prospercus
for enhancement of pinning force equated to magnetized caused disorder. Their results show that
pinning is responsible for the deviation in the glass states.

Sharma et al. [5] analyzed the temperature dependency on resistivity under applied field of
Bi»Sr:CaCu,0s:5 samples synthesized by sol-gel method. They noticed that T.o of the
representative composites samples is enhanced from 32-82 K by raising sintering temperature, The
increases resistive transition broadening was observed when the sintering temperature was reduced,
since Tegnser) is not changed much. They observed superconducting transition under applied magnetic
field under T, was talked about on the basis of TAFF model. The TAFF activation energy U, has
been estimated by using the Arthenius plots under applied magnetic ficld. They conceive that the
forming temperature and the function of grains are the key factors to be treated for copper based
superconductors.

Waqee-ur-Rehman ez al. {6] studied the infield response of Al;0; nanoparticles on the bulk
CuTI-1223 superconductor. They analyzed that the increase of Al;Oy nanoparticles concentration in
the CuTI-1223 superconductor will not affect the crystal structure, which shows the presence of
nanostructures on the grain-boundaries. The dc-resistivity was noticed with externally field from 0-7
T. The behavior of dc-resistivity and activation energy U, was expressed by TAFF model. They
observed that with the increase in Al;Os nanoparticles concentration activation energy have been
decreased due to reduction in flux pinning strength.

Wagqee-ur-Rehman e al, [7] synthesized the nanoparticles/superconductor composites
samples with different concentration of CoFe>0; nanoparticles. They synthesized nanoparticles by
using sol-gel method and bulk superconductor by using solid-state reaction technique. According to
the infield measurements of the composites samples T have been decreased to the lower value
with the increase in external field. With the Increase in CoFe;0, nanoparticles concentration the
fluxoid motion have been reduced in the CuT1-1223 superconducting matrix. Activation energy Us
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was estimated from Arrhenius plots, the enhance in the activation energy U, have been noticed with
the increase in CoFe;O4 nanoparticles concentration up-to x = 1.5 wt. % in bulk CuTI-1223
superconductor.

Sun ef al. [8] synthesized the Iron-based superconductor NdFeAsOg ggFg 12 by two steps
solid-state reaction method and temperature dependent resistivity was evaluated at different fields 0-
9 T. Arrhenius plot expresses the tail effect which consists of two resistivity drop phases, normal
superconducting transition the weak-links among the grains. The resistivity drops due to weak-link
behavior which is based on the Josephson junctions made by the impurity in the grains. These
junctions can be cracked by the applied fields, contributing to the unnatural resistivity tails in
polycrystalline Iron-based superconducting matrix.

Vinod et al. [9] investigated the infield response of doped Ba(Fe,Co):As; single crystals.
Activation energy U, can be found out by applying the TAFF model for Hijab and HJ|c planes. They
noticed the power law dependency of U, versus H for Hllab and Hlc planes, single flux pinning was
observed below 7 T for Hjjab and for field above 7 T collective pinning was observed for Hlic. They
also compared some U, for the Ba(Fe,Co);As, systems with another superconductors is introduced.

Lu Jun-Chao et ai. [10] studied the vortex phase transition in BaNiy.jFei 0As; single crystal
having T. = 19.40 K by using magneto-resistance measures. They evaluated resistivity curve under

applied fields range 0-13 T for H|jc and Hic. They determined the efficient pinning potential U,
from the varied vortex-glass theory model by applying the exponent s. They have also determined
the phase diagrams of vortex glass transition temperature T, for Hl|c and H.Lc, vortex-crossing over

temperature T and the upper-critical field He.

Shahbazi et al. [11] investigated the critical current density J., fux pinning and magneto
resistance analysis of BaFex«NixAs, single crystal under fields 0-13 T and a temperature from 2-20
K. The magneto resistance behavior below T. expresses Arrhenius behavior, where U, is the
activation energy. BaFe; NiAs, shows high activation energy with a real imperfect field addiction.
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They observed high J; at zero ficld and low for 1 T. They also observed flux jumping in magnetic
induction loops at low temperature for prominent samples for high J. in the single crystal.

Eltsev et al [12} studied the vortex liquid phase transition for Pb-doped Bi-2223 single
crystal by utilizing the field and temperature of resistivity from 0-6 T. They observed the decrease in
temperature near onset resistivity which expresses the power law dependency on temperature
indicating approach to vortex-glass transition. They also introduce the magnetic phase plot to define
the part of non-zero critical current towards Pb-doped Bi-2223 single crystal.

Mumtaz et al. [13] analyzed the superconducting properties of carbon-nanotubes added
CuTl-1223 superconductor composites samples. They observed Te),Teonsety and Tg have been
decreased with the increase in carbon-nanotubes (CNTs) concentration in the host CuTl-1223
superconducting matrix. They also observed the double transitions for all the composites samples
which indicates the presence of vortex-glass phase, the decrease in ficld dependence of U, was
observed representing TAFF model and the resistive extending has been noticed with the increase in
applied field.

Vinu et al. [14] analyzed the dependency of resistive transition on temperature and field of
Bi; 6Pbo.sSt2.Fu,Cay 1 Cuz 1 Ogp superconducting matrix. They observed glassy conduct of resistivity
for high temperature and fiekls for Eu/doped specimens as compare to Ew/free specimens, the Tg,
U,(B) and U,(T) have been increased with the increase in dopant concentration which indicates the
efficient pinning of flux lines. This grading is very useful to understand the motion of vortices in
HTSCs.

Andersson et al. [15] proposed the model for the detailed analysis for vortex liquid state
transition, resistivity near a vortex liquid to glass transition-phasc. They have found the elaborated
numerical understanding among the model discussed and resistivity measurements about disordered,
partially-doped YBa,CusO, single crystal. Physically interpretations of the example and its relation
with other examples of vortex-liquid resistivity transition are also studied.
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Ansari ef al. [16] analyzed the dependency of temperature on resistivity of nano-diamond
doped MgB: superconducting matrix under applied fields 0-8 T. They observed that Irreversibility
was increased from the doping of nano-diamond. They find out the activation energy of TAFF
region from Arrhenius law. The field dependency of energy of activation of diamond nanostructures
doped in MgB; superconducting matrix was estimated from slope of running component of the
Arrhenius-plots and which shows rapid decreased with the increase in ficld. Hence, the current
density of this specimen will be increased for applied applications.

Nagib er al. [17] studied the quality of resistive transition for crystalline YBa;CusO74
superconducting thin-films under different fields along the c-direction throughout a broad rate of
doped-holes in the CuQO; planes. The temperature and field dependency of resistivity have been
studied from TAFF model, the flux flow activation energy U, has been evaluated from the analysis
of this model. The low-transition area of the resistivity data can be discussed from the activation
energy and H changes quickly due to which resistivity is changes. U, is related to the pinning
potential and superconductors condensing energy. They also observed that normal phase pseudo-gap
immediately involves superconductors condensing energy, a clear balance between H, and the P-
Gap energy scale was determined.

Dadras et al. [18) analyzed the response of CNTs on structure and superconductor transport
attributes of YBa; oCu; 075 composites specimens. This was synthesis by ceramic method. XRD
examination sustains the orthorhombic crystallization structure of the samples. No significant change
was observed in T with the increase in nanoparticles concentration and increasing the field. The
SEM images demonstrate the CNTs formation between the grains. Their observances propose that
the increase of CNTs to the Y-123 superconducting matrix improves the electrical association
among the grains of the superconductor to increase the J.

Vinu et al. {19] studied that the vortex liquid resistive transition is about the vortex glass
state in Ho doped Bi and Pb-2212 superconducting composite. A prominent extending in transition
was observed under applied field, which is the evidence of the thermal variation in the vortex matter,
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therefore the altered vortex glass to liquid transition hypothesis was used to estimate the activation
energy. They also demonstrate the voriex-glass behavior of dc-resistivity at high temperature. Their
outcomes also indicates the enhancement in Ty and U, which expresses that flux lines are
efficaciously trapped and in the vortices are in glass state.

Bhoi et al. [20] evaluated the temperature and field dependency on resistivity of the
polyerystalline PrFeAsOy oF; 12 samples in normal and superconducting states. The superconductor
transition Teensery decrease with the increase in applied field 0-14 T. Upper critical ficld Hex) is
calculated by utilizing the GL theory and the WHH equation above 100 T. They estimated the
resistivity under Tyq) which shows Arrhenius act due to TAFF of vortices. The activation energy U,
is specified from the Arrhenius plot of the resistivity which exhibits a power-law dependence on
applied field.
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For the synthesis of high temperature superconductors numerous techniques have been
infroduced. These techniques are employed to prepare fine crystalline structures, consuming
synthetic or actually existing crude materials,

3.1 Solid-State Reaction Technique

Ceramic method or solid-state reaction method is very frequently used method for the
preparation of polycrystalline materials or oxide materials. The choice of reactants relay upon the
conditions and nature of reaction and products respectively. As the surface area increases the rate of
reaction so, the refined material is used for the preparation of crystalline structures. Calculated
amount solid reactants are then mixed by using mortar and pestle. To make the mixture
homogeneous organic liquids are added which will be then evaporated during process of mixing.
The mixture after evaporation must be pelletized in order to increase the contact strength among
grains. After pelletlization the mixture is then placed in vessels made up of quartz for heat treatment.
The technique, Solid state reaction play vital role for preparing numerous cuprates. To get ceramic
materials with various solid material metal oxides, nitrates, carbonates and salts all are mixed and
then the mixture experience heat treatment till reaction completion [1]. THO; is one of the highly
toxic materials [2] that’s why caution safety must be pronounced in the preparation of thallcuprates.
While the Tl-based superconductors with high T, were studied by two scientists Sheng and Hermann
[34] by firing up precursor (Ba-Ca-Cu-Q) with (T1,03) powder for atleast 3 to 5 min at temperature
of ~ 880-910 °C following oxygen supply. In case of higher unpredictability of Tl-components, the
synthesis of the pure phase samples goes difficult. In order to prevent loss of Thallium from the
samples, it should be wrapped in silver or gold foils because they don’t react with the material.
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3.2 Nanoparticles synthesis

3.2.1 Top-down Approach

Top-down approach is also known as physical method. By using this method nanoparticles
are produced by reducing the size, subtracting or sub-division of the bulk materials. Some of the
most commonly used physical methods are ball milling, arch discharge and thermal methods [5].

——S——-

forzpreparation-of nanoparticlesE

Fig. 0.1: Top-down and bottom-up approaches adopied for nanomaterials.
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3.2.2 Bottom-up Approach

Chemical method or bottom up approach is extremely significant for the synthesis of
nanoparticles. In this technique atoms and molecules are joined together to give the nanoparticles by
using different methods. The main advantage of this method is that the particle size will be
controlled and the particles with same size and chemical composition can be reproduced, Some of
the most commonly used chemical methods are sol-gel, CVD, self-assembly and positional

assembly.

3.3 Nanoparticles/superconductor composite

Solid-state reaction method is used to prepare bulk CuTI-1223 superconductor. Ba(NOs),,
Ca(NOs); and Cu(CN) are used as starting material. The reaction complete in three steps. In first step
fixed ratio of Ba(NO3),, Ca(NOs), and Cu(CN) were mixed and heated in quartz furnace at 860 °C as
shown in Fig. 3.2 . NiFe,0, nanoparticles are prepared by using sol-gel method a Fig. 3.3 are then
added in appropriate ratios in the precursor material and then it were finely grounded. The mixture is
then heated again at 860 °C [6]. In third step, precursor materials were again refined and finally
mixed with Th0O; (99%, Merck) for preparation of {(NiFe,04),/Cug sTlysBazCaCusOyo- 5, (x = 0,
0.25% and 0.5%) as composite material as shown in Fig, 3.4, After that the material was pelletized
under pressure level of 3.8 tons /cm® and then wrapped in a gold capsule in order to reduce Thallium
loss during forming at the temperature of 860°C for about 10 min came by blowing out at room

temperature [7].
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Firing in chamber furnace for 24 @

h at 860 C in quartz boat.

Repetition of firing process in ceramic
boat after intermediate grinding of 1 h.

Cu, Ba,Ca,Cu0,,,

Fig. 0.2: Preparation of Cuy sB2,Ca;Cu,0,, 5 precursor,
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Fig, 0.X: Flow chart for the synthesis of NiFe,O, nanoparticles by sol-gel method.
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) Pelletlzatiorl under
3.8 tons/cm

preheated chamber furnace

-
0
o Sintering at 860 ¢ for 10 min in
] Quenchlng to room tempelature

Fig. 0.4: Flow chart to synthesized (NiFe.0,),/CuT]-1223 nanoparticles /superconductor composites,
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3.4 Characterization Techniques

Bundle of characterization techniques are used for amalysis of nano-structures and nano-
composites. Crystal structure was recognized by using X-ray diffraction technique (XRD), infield
measurement dc-resistivity versus temperature and other superconducting parameters were measured
by using physical properties measuring system (PPMS). Scanning electron microscopy (SEM) is
also used to analyze the surface morphology.

3.4.1 X-ray Diffraction (XRD)

X.ray diffraction (XRD) is a useful technique to find out different characteristics of the
composites material like crystalline phase, grain sizing of structure, phase composition,
imperfections in materials etc. [8]. X-rays are the types of electromagnetic radiations of very small
wavelength (0.01-10 nm) their energy is more than the energy of early electromagnetic radiations
yielded from interior shell transition. They can penetrate easily into the material because of their
very small wavelength [9]. X-rays wavelength is ranging from 0.7 — 2.A matching to energies of 6 —
17keV.

Incident N\
Plane wave ;N\

7 Fa
b, . - ’ (0 Ll _: .,
e W e ] i - Bl ™

Fig. 0.5: X-may diffraction paitemn from the laitice planes [8].
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In this technique, atoms of the crystals made X-rays to diffract at different angles. 3D images
for the density of electron can be originated by evaluating the intensity levels and angels of the
diffracted beam. From electron density we can take the perspective of electron in the crystal. As it is
diffracted through the crystals of interatomic spacing and is reflect from the crystal plane [10]. After
the reflection, these rays obey Bragg’s Law. i.e,

2d(SImB)=nh....cooevcniiniiirciccr e (31)

In the above equation n is the positive integer which shows the order of diffraction, d is the
inter planner distance while 8 is the angle which represents the wave length A when rays are incident
to the plane, When electromagnetic beam interpose constructively, then we get peaks of XRD
pattern. XRD pattern from the crystal is shown in fig 3.5. The technique is also used to determine the
thickness of the thin films [11]. By using measured intensities the data concerning the atomic
placements in multilayer can be extracted.

Fig. 0.6: Experimental apparatus of XRD [9].
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3.4.2 Scanning Electron Microscope

Scanning electron microscope (SEM) is an encourage structure of microscope that use
electronic beam rather than light. High resolution ability provide SEM more useful technique. SEM
have a bundle of advantages like broader depth of field. In SEM electromagnets are used rather than
lenses for magnification [12].

Fig. 0.7: Schematic diagram of SEM [10].

It consists of electron gun through which electrons are ejected, two condenser lenses,
objective system and detection system. Electron gun is used o generate and accelerate the clectronic
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beams with energy 1-30 keV. Three levels of lens demagnetized the electron beam to
focus the beam on sampie having diameter of 1-10 nm which containing current 1-100 pA. As the
electron probes diameter increases current passing is also increase [13-15]. When the beam of
electron is passed off from the electron gun it interacts with the sample. This is responsible for the
emission of secondary electrons, back-scattered electron, auger electrons and photons, For the
collection of electrons x-rays, sensor are used. At last sensor converts signals into final image.

Fig. 0.8: Emission of clectrons and photons [15].

3.4.2.1 Secondary Electrons

The electron beam is comes from the electron gun is hits the sample and penetrates into the
surface and causing inelastic collision on atoms about the surface of the sample. In this process
electrons which are about surface escape from the surface and are called secondary electrons. These
are low energy electrons their energy is less than 50 eV. Secondary electrons have the range of 0.5-5
eV [16].

3.4.2.2 Bachkscattered Electrons

Some of the incidental electrons are scattered back from the more mysterious levels of the
samples which make elastic collision and after the numbers of elastic collisions they escape from the
sample. These electrons are called back-scattered electrons. The energy rate of these electrons is

very high (50 eV) [17].
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3.42.3 Auger Electrons

Auger clectrons are produced as a result of Auger Effect. X-rays are emitted as a result in de-
excitation of the atoms towards the ground state. Whenever incident electron releases the electron
from first shell to any outer shell as a result hole is generated. This can be filled by electron from
outer shell leaving in emission of photon of x-ray spectrum, which is also used to release the electron
of higher shell. This released electron is called Auger Electron. These electrons are released from the
part close to the surface of the sample. The energy of auger electrons depends upon the structure of
the atoms [18].

3.4.3 Physical Property Measurement System (PPMS)

Resistivity measure is very easy technique to give interesting data about the electrical and
superconducting properties of the specimen. The measure of electrical resistance and resistivity as a
part of temperature gives data nearly to the several temperature dependent electronic phase
transitions. This system also gives the data about critical temperature and the quality of specimen. A
low resistance is suitable because of the little resistance of the specimen, The measure four-probe
technique is used for evaluating resistance of the samples as shown in Fig. 3.9 [19]. To measure the
resistivity using this technique, the samples were cut in a rectangular bar shape using a diamond saw.
This silver spread is used at the ends of the specimen for current (I) and voltage (V) contacts.
Because of low resistance, lean copper wires are linked with silver paint as shown in Fig. 3.9. Plus
the entirely gathering was place onto a sample distribution holder, where the wires were associated
with leads to the measuring system. This specimen holder is recognized as resistivity puck for
evaluating resistivity utilizing a Physical Property Measurement System (PPMS).
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Fig. 0.9: Four probe contacts of current and voltage supptics to the sample during the resistivity measurements [20].

The resistance is estimated utilizing the ohm’s law (V = IR), whereas I is the current passed
and V is the voltage applied. It is essential to hold the voltage probes among the current probes in a
one-dimensional way. The accurate resistivity (p) of the sample can be estimated applying the
relation, ‘

4
)

Where R is a resistance and A is a cross-sectional area of a specimen. The specimen was
cooled by applying liquidized He. The magneto resistive analysis of the specimen, resistance was
evaluated by applying the four probe method technique, by applying extemal magnetic feld in a
Physical Property Measurement System (PPMS) by Quantum Design as shown in Fig. 3.10. At a
fixed applied magnetic field, resistance was measured as an function of temperature from rcom
temperature up to ~ 5 K. Entirely the manganite specimens analyzed in the present work was
analyzed by applying this method. PPMS is a versatile and essential instrument used to measure a lot
of physical properties e.g d.c/a.c resistivity, specific heat, a.c/d.c magnetizations, thermo-power
analysis, halls effect, etc.
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Fig. 0.10: PPMS probe and sample chamber geometry [21].

The magneto resistance analyses of bulk specimen, magneto resistance versus temperature of
the specimens were expressed by applying the four probe technique in the presence of an external
magnetic field using PPMS [22]. The resistivity was evaluated at constant temperature with
dissimilar applied field from 1T to 9 T and MR vs. H isotherms having the range of 50-300 K.
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Results and Discussion

4.1 Crystal structure

X-rays diffraction is used to study the crystal structure of (NiFe,0,)/(CuTl-1223)
na.noparticl&s—superconduétor composites with x = 0, 0.25 and 0.50 wt, %. The X-rays tube was
operated at 40 kV and 25mA which employs Cu-Ka rays of wavelength 1.54 nm. Check cell was
used for indexing and computing the unit cell parameters. The XRD pattern of NiFe,0,
nanoparticles is shown in Fig. 4.1. Fig. 4.1 shows that all of the diffraction peaks represents pure
NiFe;04 spinel ferrite phase. Average crystallite size of the nanoparticles was calculated by using
Debye-Scherrer’s formula;

D= e, @.1)

Peost

where k is the shape constant and its value is 0.9, A is the wavelength of X-rays employed, P is the
full width at half maxima (FWHM) and 6z is the diffraction angle. The average crystallite size of the
nanoparticles is 35 nm. Fig. 4.2 shows the XRD pattern of (NiFe;0,)/(CuT1-1223); x=0, 0.25 and
0.5 wi%. composites. Majority of the XRD peaks are indexed well which represents the tetragonal
crystal structure of CuTl-1223 phase (P4/mmm space-group) and a very few low intensity un-
indexed diffraction peaks indicates the presence of some other superconducting phases as well as
some unknown impurities.
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Fig, 42: XRD patterns of (NiFe;0,), ACuTl-1223) superconductor composite samples with (A) x = 0, (B} x=0.25 (C) x

=0.5 wt. %.
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The computed cell parameters of our superconductor composites (NiFe;Og)x ACuTI-1223) are a=
4.01A,c=14.99 A forx=0, a=4.00A,c=1495 A forx=025and a=3.90 A, c= 14914 forx
= 0.5 wt.%, respectively. The addition of NiFesO, nanoparticles does not change the structural
symmetry of the bulk CuTIl-1223 superconductor which shows that NiFe,O, nanoparticles resides at
the inter-granular sites. However, a little decrement in the c-axis length occurs due to stresses
produced by the addition of namoparticles and variation of oxygen contents. These studies
demonstrate that these nanoparticles does not decompose or substitute any lattice site in the unit-cell
of CuT1-1223 but lies at the inter-granular sites i.e. grain boundaries.

4.2 Surface morphology

Scanning electron microscopy (SEM) is used to study the surface morphology of the
(NiFe;O,); /(CuTl-1223) superconductor composites. Fig. 4.3 shows the SEM images of
(NiFez0,)/(CuTI-1223) composite samples in powder form with x = 0.50 wt. % at 5 yum and 1 pm,
which shows the typical granular behavior of CuT1-1223 superconductor. The powder was pelletized
for the transport measurements and the nanoparticles reside on the compressed grains surfaces.
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Fig, 4.3: SEM images of superconductor composite powder with x = 0.50 wt. % at 5 pm and 1 pm scales.

4.3 Resistive transition

Physical property measurement system (PPMS) was used to measure the transport properties
of (NiFe204)/(CuTI-1223) superconductor composites samples. The dec-resistivity dependence on
temperature of (NiFe,O4)/(CuTl-1223) superconductor composites samples with x = 0 and 0.5 wt.
% under different applied magnetic fields ranging from 0 — 6 T was studied and shown in Fig. 4.4
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(a, b, c). As the applied field increases, the T; uny, Was not changed much but T, ) shifted towards
the low temperature. This decrease in T, (o) shows that grain boundaries are involved more in
superconductivity than the grains. The Te ) decreases from 103.8 to 79.6 K, 95.36 to 70.99 K and
77.06 to 58.54 K for (NiFeyOu)/(CuTI-1223); x = 0, 0.25 and 0.50 wt% superconductor composites
st applied fields from 0 to 6 T, respectively.
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Fig. 44: Infield temperature dependence of de-resistivity of (NiFe,04)/(CuT1-1223); (8) x = 0, and (b) x =023 wt.% (c)
X = 0.50 wt.% nanoparticles superconductor composites.
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T (ury peaks were observed from the derivatives of infield R-T measurements of (NiFe;Qg4)x /(CuTl-
1223) superconductor composites, which may be due to two-step transition in HTSCs. The first step
transition occurs at high temperatures when grains become superconducting, and then intra-grain
superconductivity starts while the places among grains remain non-superconducting. The second
step transition occurred at relatively low temperatures where inter-grains week-link behaves like a
Josephison and lock-in phase and get to be superconducting [1-2]. The tailing region in these samples
is non-linear due to inhomogeneity and quantum tunneling. It is considered that in the T, yregion of
HTSCs is governed by the excitation in the weak-link network. The resistivity broadening was
observed in the superconducting states of the composites samples which is due to the thermally
activated motion of the vortices. With the increase in applied field, the superconducting transition
width was increased, which shows that degree of broadening is sensitive to applied field, this can be
analyzed on the basis of thermally activated flux flow (TAFF) mode! [3]. The superconducting
broadening is due to energy dissipation induced by movement of vortices. Hence, this significant
resistive broadening in the transition width is the consequence of thermal fluctuations in vortex
matter. For all samples, the decrease in Ty and Te onsery (K) to the lower value was observed by
increasing concentration of NiFe;04 nanoparticles and applying external applied field due to TAFF
of magnetized vortices.

4.4 Activation Energy

The activation energy Uy(H, T) was determined from the slope of the linear region of low
resistivity data which represents the TAFF region in Arrhenius plots as shown in Fig. 4.5 and acts as
potential barriers to hold the magmetic-flux in pinning centers. In TAFF, the vortices start hopping
from one pinning center to adjacent pinning centers, this gives rise resistance in TAFF region [4-5]

and can be written as,

AT E) =0 (T H) € g e (82)

where kg is the Boltzmann constant, p, normal state resistivity at temperature just above T (onset) (K),
and U, is the activation energy [6-9]. The Arrhenius plots of the Inp (Q-m) versus I/T (K™) for
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(NiFe204)./(CuT1-1223) superconductor composites with x = 0, 0.25 and 0.5 wt.% are shown in Fig.
4,5 (a,bc).

e

U0 OMD 0K 06D GAE 040 00
K

Fig. 4.5: Arrhenius plots of (NiFe;0,),/(CuTI-1223); {a) x = 0, and (b) x = 0.25 wt.% (c) x = 0.50 wt.% nanoparticies-
superconductor composites,
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It was observed that activation energy of CuTl-1223 superconductor composite has been decreased
with the addition of NiFe;O4 nanoparticles due to nanoparticles dispersion over the grain-boundaries,
which suppressed the inter-grain weak links. The power law dependency of activation energy in
magnetic field has already been noticed in different HTSCs families [10-12]. The infield dependency
of the U, for the composites samples is shown in Fig. 4.6, which have been fitted by using power
law (U, = CH™). The measure of a for representative composites with x = 0, 0.25 and 0.5 wt.% were
found to be 0.76299, 0.56884 and 0.31539, respectively. These measurements express the falling
rate of activation energy with the increase in NiFe,O, nanoparticles concentration in bulk CuTI-1223
superconductor composite [13]. So the flux pinning ability of the CuTl-1223 superconductor
composites have been reduced with the increase of magnetic NiFe,O4 nanoparticles.

TABLE 4. 1: Ficld dependent activation energy (Us)

H) X=0.00wt. % =025 wi. %
) 055431 0.33881
05 0.365%5 014611 I
2 bidsorz 0.04363 0.03161,
4 05006 0.03083 062346,
- .6 . __ 004386 . _ .. _ _ 003818 . . _ p0286R_ _ _

Some important conditions for effective flux pinning are (i) the pinning centers should be nearly
equal to the coherence length and (i) the vortex and the lattice of pinning centers period must
correspond with each other [14]. The noticed non-fitted activation energies versus applied magnetic
field H(T) is presented in Fig 4.6.
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Fig. 4.6: Activation energy (U,) dependence on magnetic field for (NiFe;04)(CuT1-1223); x = 0, 0.25 and 0.50 wt. %
nanoparticles-superconductor composite samples. Dotied line shows the thepretical fit of equetion U= CH™®,
Fig. 4.7 shows the transition width [4T = T one) — T: @] versus ‘A , This plot of ‘4T
versus ‘K was fitted using TAFF mode] as shown below in Eq. 4.3,

AT =AT, + CH.............. tisisbrerreserarssnrerirese «{4.3)

where AT, is the transition width without magnetic field (5 = 0), and C is the coefficient which
depends upon critical current without magnetic field. The measures of n for (NiFez04),/(CuT1-1223);
x =0, 0.25 and 0.5 wt.% superconductor composites were determined to be 0.4614, 0.7740 and
0.9695, respectively. The value for n is generally 2/3 = 0.66, which depends upon the type of
material {15]. Fig.4.7 shows the increase in AT with the addition of NiFe,Q; nanoparticles
concentration in CuTi-1223 superconductors composites, this indicates the decrease in pinning
potential.
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Fig. 4.7: AT verses applied magnetic field H for (NiFe20,),/(CuTl-1223); x =0, 0.25 and 0.50 wt. % nanoparticles-
superconductor composites.
A substantial superconducting transition broadening was noticed, which shows the dissipation
process and flux creeping in these composite samples. Nearly regular increase in ‘47° indicates that
magnetic field lines have been effectively pinned due to which the motion of vortices has been
decreased. The superconductor’s resistive broadening depends upon applied magnetic field, thermal
fluctuation and dissipation phenomenon, which can be computed from the TAFF model.

4.5 Vortex glass Transition

The vortex-phase transition can be understood from the difference in resistive behavior among
the vortex-solid and vortex-liquid states. The resistivity broadening in applied field is an evidence of
the thermal-fluctuation in the vortex matter [16). Thus, transport measurements are normally used to
analyze vortex-phase transitions. Vortex glass theory is normally used to understand vortex phase
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transition in cupratcs superconductors. The vortex glass theory suggested for high 7, cuprates [17].
In vortex glass state, at glass-transition temperature 7, the resistivity diminishes as a power law,

Where g, is the normal state characteristic resistivity, 5§ is a constant-quantity which
associates the form of disorders. For the glass-line Eq. 4.4, can be re-formulated as [18],

- IiK»T
i 7CE r ....................................... @.5)

where U, is the pinning potential, %z is the Boltzmann constant and p, is the normal state
resistivity. This model shows the occurrence of vortex-solid to vortex-liquid transition depends upon
two energy state U,(H, T} = kg T,. This empirical effective pinning energy is expressed as

U(H,T)=K,T ————
(H/H Y @)

where ¢ = T/T,, H and £ are constants. According to this model, resistance is the result of
competition among pinning energy and thermal activation energy 4s7. Combining Eqgs. (4.5) and
(4.6) we get typical resistivity scaling function
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From vortex glass model [19] and Eq. (4.7) shows that the resistivity approaches to zero at
the 7 as p=c|T—T;|s,s=v(l—z), where v is the static-exponent relates the glass transition
correlation dynamics, £ ~(I—7,)" and z in the dynamic-exponent relates the comelation

coefficient time 7, ~£;. Thus the Vogel-Fulcher relation [8(In p)/ 8T can be used on resistivity

tails to analyze glass transition temperature (7;;) {20-21). According to this relation, the logarithmic
derivative inverse or resistivity linearly dependent on 7 is given as,

oinpT' 1. _
e

or ceeriereeanendA.8)

The temperature dependence of [6(In £)/ 8T under applied ficlds from 1 — 6 T for
(NiFe;04),/(CuTI-1223) ; x =0 and x = 0.50 wt.% is shown in Fig. 4.8.
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Fig. 4.8; Determination of the glass transition temperature of (NiFe;0,),/(CuT1-1223); {a) x =0 and (b} x=0.50 wt. %
under different applied magnetic fields using Vogel-Fulcher relation.
Through corresponding linear part of the curve from Eq. 4.8, 7, was figured from linear part of low
resistivity data. The temperature of upper critical part shows the transition from vortex-glass to
vortex-liquid. The values of exponent s and the slope of the fitted straight line are obtained as s =
1/slope for (NiFe204),/ (CuT1-1223) ; x =0, 0.25 and 0.50 wt.%, respectively. For x =0 wt.%, the s
parameter is larger than that obtained for x = 0.25 and 0.5 wt.%. At last combining the observational
outcomes over, the obtained vortex phase transition for (NiFe;04),/(CuTi-1223); x = 0, 0.25 and
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0.50 wt.% superconductor composites samples with dissimilar dynamical features are presented in
Fig. 4.9,

-8-x=0.25 wt.%

A ——0—u <li-x=0.00 wt.%
\ —A~x = 0.60 wt.%

30 40 50 60 70 80 80 100 110 120

T (K)

Fig. 4.9: Vortex phase diagram for the (NiFe,04),{CuTi-1223); x =40, 0.25 and 0.50 wt. % under different applied
magmetic fields.
We developed the vortices phase diagram in the H-T space between T, and T.g), associated with
vortex-glass 1o liquid phase-transition. Fig.4.9 shows that 7, and 7.4 changes towards the lower
temperature values for x = 0, 0.25 and 0.50 wt.% of NiFe,O, nanoparticles added samples. The
obtained results confirm that vortex pinning properties have been decreased with the addition of
NiFe;04 nanoparticles concentration in CuTI-1223 superconducting matrix. According to pinning-
model the decrease in T; and 7.y is due to disorders caused from thermal fluctuations inside the
vortex solid lattice and can be separated into two dissimilar regions according to the strength of the
applied magnetic fields [22], The vortex glass state represents the region below T, As applied
magnetic fields increases H > H,, the vortex glass turms softer and finally melts and converted into
vortex liquid, which holds middle region between T and T.4, where thermal fluctuations are
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important in the vortex phases which are responsible for dimensionality transition from 2D to 3D
and above T; @) the sample move towards normal state [23-25]. The NiFe,Os nanoparticles added
superconductor composites with different concentrations x = 0, 0.25 and 0.50 wt.% shows very
narrow regions of vortex-glass phase, which shows weak pinning behavior at T,

Conclusions

We have synthesized the composites of NiFe;O4 nanoparticles added CuTI-1223
superconductor composites successfully. We have investigated the effect of NiFe;O4 nanoparticles
addition on structural, morphological and infield response of CuTl-1223 superconducting matrix.
The crystat structural symmetry of CuTl-1223 superconductor was not varied by the addition of
NiFe;O4 nanoparticles. The temperature dependent infield de-resistivity has been explained by
thermally activated flux flow {TAFF) model. Some parameters like glass transition temperature T,
magnetic field dependent activation energy U, (H) and transition width AT calculated from TAFF
model were decreased with the increase in applied magnetic field. That shows the diffusion of
nanoparticles across the grain-boundarics of bulk CuTl-1223 superconducting matrix. The double
transitions for all concentrations of NiFe»O, indicate the existence of vortex-glass phase.
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