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Abstract

Vortex dynamics in NiFezOr nanoparticles added (Cuo.sTlo.s) BazCazCurOro_o (CuTl-1223)

snperconductor [(NiFezO+),/(CuTl-128); x = 0,0.25 and 0.50 vtL o/ol have bee,n studied by using

magnetic field (0 to 6 T) de,pendent resistivity vercusr temperature (pT) measurernents. The NiFezOa

nanoparticles and bulk CuTl-based zuperconducting mafiix we,re syrthesized separately by sol-gel

method and solid-state reaction metho{ respectively. Initial sfiuctural characterization was done by

using X-ray diffiaction QRD). )(RD analyses confirmed the spinel fenite stnrcture and tetragonal

structure of NiFezOe nanoparticles and bulk CtTl-1223 superconducting matrfuq respectively. There

were no significart changes were observed in the lattice parameters of bulk CuTl-1223

superconducting matrix with the addition of these nanoparticles. Scanning elecfron microscopy

revealed the granular structre of bulk CvTl-1223 superconductor. The zero resistivity critical

temperafure (f, tol), critical transition te,mperature onset (f. tome) and glass transition temperature

(T) were decreased with the increase in applied magnetic field from 0 to 6 T. The normal state

resistivity Gsm (K)) was enhanced with addition of nanoparticle. The double fiansitions for all

concenfiation of NiFezOt nanoparticles have indicaf€d the existence of vortex-glass phase. The

resistive b'roadening 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

(Uo * fl{l witn magnetic field" The overall decreasing rate in activation enerry could be due to

diffirsion of nanoparticles across the grain-boundaries.
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Introduction

Chapter I

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 enonnous.

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 191I by a Dutch physicist

tfumerlingh Onnes [1]. He observed it ftst in mercury which is a low temperature superconductor.

Fig. 1.1: Types ofsuperconductors and advancement in T"verses years [2].
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Introduction

Superconductors have zero electrical resistance and they can tansport cument 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 temp€rature T. as shown in Fig. 1.2.

ooc
(E
*)

NorFsspercondudor

/
SuPErcollduLtar

0:K re

T(

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

Zero resistivity means infinite conductivity. In superconductor, curent flows without any

resistance because of the pair of electrons named 'Cooper pair". But if current density (J") becomes

smaller than the value of curent passes through the conductor, superconductivity vanishes. This

phe,nomenon cannot be described by the conventional Manwell's equations for electromagnetism,

they should rather be modified to incorporate superconductivity. The electromagnetic behavior of a

superconductor is not properly defined by the properly of zero resistivity. In 1933 W. Meissner and

R Ochsenfeld observed that ar 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

>t
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Introduction

cooled below T" t4]. The removal of the magnetic flrx in a superconductor, is known as the

Meissner effect. A well-known experiment demonsfating 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 bu 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.

,SiqosrE$Aetur P.sidorduqUr

T<T.

Fig. 13: A superconductor expels the ma€netic flrx in the presence of an extemal field (T < T") when cooled below T",

while the flr.u< would remain the same in a perfect conductor [5].

It had been considered that the field of superconductivity was atnost completely understood.

However, later on the high-temperature superconductors (HTSCs) have been discovered by

Bednoorz and Mtiller, this field was opened once again [6]. One of the most exciting advancements

in this renewed field is the disclosure of new vorl€x phases, resulting in a rich phase diagram of the

vortex matter. Over the yearc superconductivity has attracted a large attention. In fact several Nobel

prizes have been awarded for discoveries within this research are4 the most recent lm2003 to A. A.

Abrikosov and V. L. Ginzburg for phenomenological theory on HTSCs. In 1987 J. G. Bednoru. and

K. A. MUller received theirNobel Prize forthe discovery cuprates HTSCs. Since then, an impressive

amount of work has been done to understand the properties of HTSCs superconductors.

!t



). 1.2 Critical Parameters of Superconductivity

1.2.1 Critical Temperature (T")

This is the most prominent te,mperahre at which superconductivrty takes place in a
superconductor. Below this tansition temperatrne Tr, the resistivity of the material is equal to zero

as shown in Fig. l.4l7l.

Fig. 1.4: Critical temperature velses resistivity [El.

1.22 Critical lUagnetic 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 II". Silsbee grve the

comparison among II" vs. T as shown in Fig. 1.5 [9, l0].

\r-
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IIg. 15: Applied magnetic field verses temperature [9].

123 Critical Current Density (J")

The superconductor loses its superconductivity with the increase in current @ at certain

point. That point is called critical curre,nt and is denoted by J". It has encouraging applications in the

field of wire technology I l].

ii
trIg. 1.6: Superconductor I-V curve [l l].



\; 1.3 Type-I and Type-II Superconductors

Superconductors discovered first are named as type-I superconductors. They have a simple

phase diagram as shown in Fig. 1.7. For type-I superconductors, the material is always in the

Meissner effect state and expels magnetic field below [I"Cf) e.g. tin, mercury etc. 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.

5

Fig. 1.7: Type-I superconductor phase diagram [12].

In 1930, type-Il superconductors were discovered and in 1957 Abrikosov explained it
theoretically. Type-tr superconductors have a slightly more complex phase diagram as shown in Fig.

1.8. They do not change rapidly from superconducting state to norrral state. [3]. They have two

thermodynamic critical fields, [I"r and ]I"2. Below tLl tlpe-Il superconductors have zero resistivity,

they expel magnetic field and their normal state is above tfu. Tpe-II superconductors are different

from type-I because of trro critical fields. For ttr < H < [Is2, magletic-flux will penetates into the

vortices of zuperconductor 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 stab.
b}

+
trIg. 1.8: Type tr superconductorphase diagam [3].

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 LorenE force and the electrons in the vortex

cores can dissipate energy. He,nce there is zero resistance and non-superconducting mixed state.

1.4 Vortex Glass Transition

In 1985, the highest T" of superconductor was23 K. In l9t6 a new tlpe was discovered with

T. = 35 K and soon a new materials with T"=9 K discovered. These new materials gave rise to re-

testing of all faces of superconductivrf and are named HTSCs. Fisher, Fisher and Huse (FFH)

predicted the beginning of a new phase in superconductors called the vortex-glass phase Uz[-15].

FFH predicted that dissipation caused in the mixed state of type-tr superconducton is due to

vortices. At low ternperatures the vortices should become pinned thus allowing a passags to a

superconducting state is called the vortex glass phase fansition as shown in Fig. 1.9.

?
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Vortur Glass '

H

r"

Fig. 1.9: Vortex-glass to liquid phase transition in Type-II superconductors [5].

The increase in temperature will permit the vortices to start their motion and dissipate energy,

thus H.z is no more a phase transition but a wide, continuous crossover to the normal state. Thus, the

normal-superconducting fiansition is required as the vortices suspend at Hr(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 hansition is required to be second-order.

1.5 BCS Theory and Cooper pair

In classical physics the metals have resistance which is due to lattice's vibrations (phonons)

and collision of free electrons. The scattering of elecfrons 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 elecfions in the superconducting material

which are capable to make bound-pairs named Cooper-pairs. This theory appears unreasonable

because elecfions generally repel each other due to same charges. When electron goes on the lattice

and the positive subatomic particles fries to attract ig inducing a defomration from their normal

places.

3
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!{ D

{
IIg. f .f 0: Motion of cooper pairs a exnemely low temperafircs [5].

The second Cooper pair partner appears and is pulled by the moved subatomic particles, this

second electon can simply be pulled to the latice deforrration if they have e,nough ions to bring

back to is equilibri',m places. The entire linear momenfirm of a Cooper pair should be zero. This

intends thern to move in reverse ways as shown in Fig. l. 10.

=. Ftg. 1.11: Phonon interaction md lattice spacing between Cmperpairs of electrons [17].

9



-_,. In case of minimal €nergJ site no collisions occurs within the lattice. A small enerry is
L'

required to demolish the superconducting phase and come through normal which is called the

energy-gap as shown in Fig. l.ll [17].

1.6 Ginsburg Landau (GL) Theory

In 1950, Ginzburg and Lmdau applied Lmdau's gBneral theory of phase taositions to

snperconductors. They introduced a complex superconducting order parameter V, nd expressed the

free-energy firnction in terms of a series expansion of this order parameter and applied fields. This

phe,nomenological theory which does not explain the microscopic origin of superconductivity,

because it is mathematically much easier '^n the microscopic theory. Since the free-enerry

fimctional is a series expansion n y it is sfiictly valid only in the vicinity of the superconducting

Eansitio4 that is Tc - T < Ts. Imagine the slimness of lyrl in terms of its gradient, equation which

can represent all the parameters can be showed as

F =4*olwl'*f,lrl' +jK-nv-%AM' .#
.....(1.1)

Where o and p were handlsd as parameters, Fo is normal phase Gibbs free enerry, e is charge

of an electon, m is the effective mass, A is magnetic flur. Vector potential and B is maFetir 6.16.

Considering the derivative of the free energy to determine the result we can acquire GL equations as,

Where J is the current density withortr any loss and re-expresses the real part, although Eq. 1.3

demonstrating the rate of magnetic field applied [18].

\(I}
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1.7 Coherence length $) and Penetration Depth (1,)

From the GL theory the orficomes were the coherence length (E) and penetration depth (X,). It

comparison is shown in Fig. 12.

The coherence length,

9-
................(1.4)

The penetration depth ofthe superconducting phase can be wriften as

*lT
lan * ...........(l.s)

In the absence of applied magnetic field the equilibrium is presented bV (V") which shows

that the external applied magnetic field passes to the surface of the superconductor [19]. The ratio

among ,* =trrepresents the GL parameters.

tT.
\lznlal

1$.

For Tlpe-I superconductors,

For Tlpe-tr superconductors, K>

tpe I
:()rrtrde in:Lie

Ftg. 1.12: Coherence lmgth md penetration depth compaison for Tlpe-I md Type-tr srryerconductors [20].

t

o
I

T,

0<1( >
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1.8 Structure of Cuprate High Temperature Superconductors

The general structure of cuprate HTSCs zuperconductor single unit cell is shown in Fig. l.l3

[21], which demonstrates the superconducting blocks and the charge blocks in HTSCs. The

superconducting blocks generally combined with nvo charge blocks. This block provides path to

conducting electrons as charge block act as charge source. The HTSCs comprise of CuOz layers and

these layers are located on one another on Ca layers l227.The excess of CuOz 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 CuOz plane. The HTSCs

comprise of CuOz layers and these layers are located on one another on Ca layers pzl.The excess of
CuO2 layers is responsible for high T. and this fitting gets significant for high anisofiopy in steady

conducting and superconducting properties. The conduction is a lot anisofiopic parallel to CuO2

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 curent. The angle among Sains too blocks the flow of
super cwrentl23-241.

Fig. 1.13: Structure of a single unit cell of HTSC YBCO [2U.

\
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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 ties to move the vortices, second is the

pinning force which mission is to lock the vortices in nonnal conducting defects in the

superconductor, and third is the elastic enerry 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 flrur 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 Hrr the lowest

enerry is with vortices, so there is a force trying to maintain a constant flu 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 lattice. The movement of vortices

creates an electric field parallel to the curent J, this elecfiic field causes the superconductor to be

resistive as shown in Fig. l.[4. From this it can be concluded that there must exist a force,

preventing the vortices from moving around otherwise type-Il 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

J". When the current densrty is larger than J" the viscous force is the only force counteracting vortex

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

:*
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E FIg l.l4: Vortq( dynamics in Type-tr superconducton [25].

At high temperatrne, the thermal e,nerry can be high enough to make flrm lines to jump from

one pinning{enter to another. This phenomenon is called flux creep 125-267, and the },mp rate is

given from activation €Nrergy 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 curre,lrt is applied a flux densry

gradient is inhoduced, which frvors jumps in the direction grven by the Lorena like force on the

vortices 127-281.

1.10 Thermally assisted flux motion

The Tlpe-tr 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 Fhur Flow (IAFF) model describes the physics in this stat€. This

model was introduced in 1989, tbree years after the discovery of HTSCs in 1986 l}gj.ltis possible

to express the resistivity p" and pinning €Nrergf U, are flrx and temperatrne dependent. It is seen that{s
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the logarithm of the resistivity is roughly proportional to the inverse of the temperature. The graph of

lnp 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 Nanotechnolory

'Nano" is the Greek word which means dwarf. Nowadays'T.[ano" is a prefix which means

magnitude t0-e and then nanomaterial are determined as a material having dimension below the

range of 100 nm. Big attempts have been made to reahze and contol these materials. Nanoscience is

the area whose research is centered on the study nanoscopic systems of physics, chemistry, biology,

etc. as shown in Fig. l.l5 [3U. Nanostructures have unlike properties when comparison with the

bulk materials.

BeCEI@cdl

Atoms
ldbodY Virus

H*Fe#

tlkEme-tdi-
1otm

Mjllimeler
loaii

Fig. 1.15: Comparison ofthe nanoscale [29].

1.12 Surface to Volume Ratio

When size of a material is decreases the ratio 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 nanosructured materials to

reduce the superficial energy.

Fig. 1.16: Surftce to volume rAios [33].

To avoid collection and keep their nano size, some physico-chemical methods are used to stabilize

the nanoparticles [34].

l.l3 F'erite Magnetic Nanoparticles

Fenite nanosfuctures aI€ a subclass of magnetic nanoparticles based on an iron oxide

stucture, the magnetite. Magnetite is an iron and iron oxide (Fe3Oa), and by substituting the iron by

another divalent cation, a new family of compounds is intoduced the ferrites (MFe2O4). These

compounds have been sfiucturally and magnetically studied for ages due to their magnetic

applications, and nowadays, new future perspectives to use these compormds in a nanoscale size are

being developed [35].

\
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\ 1.14 Spinel Structure

Spinel structure at bulk scale presents a ferri-magnetic behavior, where the orientations of the

magnetic spin of the cations situ,ated 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 tl I 1l). Global net magnetisrn can be determined by the difference in the confiibution of

the Oh and Td sites [36]. This modifiable parameter comes from the elecfonic configuration of each

atom, because it gives different magnetic properties depending on their electronic configuration.

Fig. 1.17: Partial representation of the magrretic unit cell of the spinel strucrure [3t].

Magnetic properties of spinel fenite have been studied to contol, 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-

param4gnetic behavior. Interest in these nanostnrctured magnets have been increase exponentially

last years due to the new generation techniques and applications [37-38].
,iA
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l.l5 Nanoparticles/Superconductor Composites

Different types of nanoparticles were added in different families superconducting matrix. Each

type of nanoparticles have different effect on the zuperconducting properties of the superconductor.

One of the promising cuprates HTSCs series, (Cuo.sTlo.sBa2car-rchO2.*+oXCuTl-12(n-l)n); (n=2,

3, 4,.....) this high T. cuprates family can be easily slmthesized at ambient pressure [39].

(Cuo.sTIo s)BuCazCwOro+ (CuTl-1223) phase have the highest values of almost all superconducting

parameters as compared to other phases of this family. So, this C;.ilLl223 is one of the most

e'ncouraging contender for advance investigation and innovative applications. Its general bulk

structure is grainy and porous in natwe. Many research groups are working in this field to increase

the superconducting properties by reducing these imperfections and enhancing the superconducting

volume fraction [a0]. 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 krzOg and SnOz nanoparticles in bulk CuTl-1223 volume

fraction was increased l4l42l. From the addition of FezOr nanoparticles the superconducting

properties of CuTl-1223 was improved [43]. To continue the series of our project we added maguetic

NiFezO+ nanoparticles in the bulk CuTl-1223 superconducting matrix and we have found the

decrease in T"ro> activation enerry and glass tansition temperafure Tr.

\(.
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Mohammad et al. lll studied the CuTl-1223 superconductor's transport properties with the

addition of nanoparticles of .SnO2. They use ceramic method for the synthesis of CnTl-1223

superconducting matrix. After the increase in nanoparticles concentatiorq the samples are analyzed

by some different techniques. To study the crystal stuctures and phase changes XRD is used. EDS

analysis is used to examine the absence of nanoparticles of SnOz in phase structure. They observed

that with the increase of nanosized SnOz bettered the stiftress at micro level.

Eloket et ol. [2] examined the nanoparticles of zinc oxide, synthesized by using co-

precipiation technique, they determined that the increase of these ZnO nanoparticles n CruTl-1223

superconductor was inserted because the betterment in the attributes of superconductor with the

increase in conce,lrfiation of ZnO nanoparticles. Enhancement in resistance at grain boundaries and

superconductors secondary phase is increased with the increase in nanoparticles concenhation.

While the decrease in resistance of the grain boundaries and increase in secondary phase was noticed

with the addition lrr.7fiO nanoparticles concentation.

Nadeem et al. l3l studied the (NiNiO)rcuT.-1223 nanoparticles/superconductor composites.

They use ceramic method for the slmthesis 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 NiNiO nanostructures, which is due

to pinning of mobile free carriers and cooper-pair breaking.

Ghorbani et al. l4l studied the vortex-liquid to vortex-glass fansition in Bao.zzh:sFe2As2,

Bao.gCo0.rFezAsz, and Ba(Feo.+sNlo.os)zAsz single crystals with T" = 31.7, 17.3, and 18 K
respectively, by magneto resistance measures. They observed that by doping K results in a high glass$

22



fl
tansition boundary near Hr2, when magnetic Ni and Co doping cause a low glass line which is far

away from the tlz. Their results suggest that magnetization free caused disorder is more prosperous

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. l5l analyzed, the ternperature dependency on resistivity under applied field of

BizSrzCaCuzOs*f samples synthesized by sol-gel method. They noticed that T"(o) of the

representative composites sarrples is enhanced from32-82 K by raising sintering temperature. The

increases resistive transition broadening was observed when the sintering temperature was reduced,

since Tqonseg is not changed much. They observed superconducting tansition under applied magnetic

field under f. was talked about on the basis of TAFF model. The TAFF activation energy U" has

been estimated by using the Arrhenius plots under applied magnetic field. They conceive that the

forming temperature and the function of grains are the key factors to be freated for copper based

superconductors.

Waqee-ur-Rehman et al. [6] studied the infield response of AlzOs nanoparticles on the bulk

CuTl-1223 superconductor. They analyzed that the increase of AlzOt nanoparticles concentration in

the CuTl-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 Uo was expressed by TAFF model. They

observed that with the increase in AlzOl nanoparticles concenfation activation energy have been

decreased due to reduction in flrx pinning strength.

Waqee-ur-Rehman et al. l7l synthesized the nanoparticleVsuperconductor composites

samples with different concenfation of CoFezO+ 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 T4oy trave been decreased to the lower value

with the increase in external field. With the Increase in CoFezO+ nanoparticles concenfation the

fluxoid motion have been reduced in the CuTl-1223 superconducting matrix. Activation energy Uo

t+

+
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was estimated from Arrhenius plots, the enhance in the activation enerry Uo have been noticed with

the increase in CoFezOa nanoparticles concenfiation up-to x : 1.5 vtt o/o in bulk CuTl-1223

superconductor.

Sun e/ al. l8l synthesized the kon-based superconductor NdFeAsOo.sfo.rz 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 tansition the weakJinks among the grains. The resistivity drops due to weakJink

behavior which is based on the Josephson junctions made by the impurity in the gains. These

junctions can be cracked by the applied fields, contributing to the unnatural resistivity tails in

polycrystalline Iron-based superconducting matrix.

Vinod et al. l9l investigated the infield response of doped Ba(Fe,Co)2As2 single crystals.

Activation energy Uo can be found out by applying the TAFF model for Hllab and Hllc planes. They

noticed the power law dependency of Uo versus H for Hllab and Hllc planes, single flur pinning was

observed below 7 T for Hllab and for field above 7 T collective pinning was observed for Hllc. They

also compared some Uo for the Ba(Fe,Co)2As2 systems with another superconductors is intoduced.

Lu Jun{hao et al.ll0l studied the vortex phase transition in Ba}.[io.rFer.e,As2 single crystal

having T" = 19.40 K by using magneto-resistance measures. They evaluated resistivity curve under

applied fields range 0-13 T for Hllc and tlrc. They determined the efficient pinning potential Uo

from the varied vortex-glass theory model by applyrng the exponent s. They have also determined

the phase diagrams of vortex glass tansition temperature T, for Hllc and flJc, vortex-crossing over

temperature T and the upper-critical field ttz.

Shahbazi et at. Ull investigated the critical current density J., flur pinning and magneto

resistance analysis of BaFez-Ni,,Asz single crystal under fields 0-13 T and a temperature from2'20

K. The magneto resistance behavior below T, expresses Arrhenius behavior, where Uo is the

activation enerry. BaFez-Ni*Asz shows high activation enerry with a real imperfect field addiction.

ts
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They observed high !" at zero field and low for I 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. lt2l studied the vortex liquid phase fansition 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 innoduce the magnetic phase plot to define

the part of non-zero critical current towards PbdopedBi-Z223 single crystal.

Mumfaz et al. ll3l analyzed the superconducting properties of carbon-nanotubes added

CuTl-1223 superconductor composites samples. They observed T(s;,Tc(onseg and Tu have been

decreased with the increase in carbon-nanotubes (CNTS) concentation in the host CuTl-1223

superconducting manix. They also observed the double transitions for all the composites samPles

which indicates the presence of vortex-glass phase, the decrease in field dependence of Uo was

observed representing TAI?F model and the resistive extending has been noticed with the increase in

applied field.

Vinu e/ al. UAl analyzed the dependency of resistive transition on temperature and field of

Bir.oPbo.sSrz-*EurCar.rCuz.rOs+5 superconducting matix. They observed glassy conduct of resistivity

for high temperature and fields for Eu/doped specime,ns as compare to Eu/free specimens, the T*

U"(B) and %CI) 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. ll5l proposed the model for the detailed analysis for vortex liquid state

transition, resistivity near a vortex liquid to glass transition-phase. They have found the elaborated

numerical understanding among the model discussed and resistivity measurements about disordered,

partially-doped YBazCurOa single crystal. Physically interpretations of the example and its relation

with other examples of vortex-liquid resistivity fransition are also studied.

\::\
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Ansari et al. 116l analyzed the dependency of temperature on resistivity of nanodiamond

doped MgB, superconducting matrix under applied fields 0-8 T. They observed that lrreversibility

was increased from the doping of nanodiamond. They find ort the activation energy of TAFF

region from Arrhenius law. The field dependency of energy of activation of diamond nanostructures

doped h Mgg, superconducting matix was estimated from slope of running component of the

Arrhenius-plots and which shows rapid decreased with the increase in field. Hence, the current

densrty of this specimen will be increased for applied applications.

Naqib et al. ll7l studied the quality of resistive transition for crystalline YBazCurQa

superconducting thin-films under different fields along the cdirection throughout a broad rate of

doped-holes in the CuO2 planes. The temperature and field dependency of resistivity have been

studied from TAFF model, the flux flow activation enerry Uo has been evaluated from the analysis

of this model. The low-transition area of the resistivity data c,an be discussed from the activation

enerry and H changes quickly due to which resistivity is changes. Uo is related to the pinning

potential and superconductors condensing enerry. They also observed that nomral phase pseudo-gap

immediately involves superconductors condensing energy, a clear balance between Ho and the P-

Gap energy scale was determined.

Dadras et al.llSl analyzed the response of CNTs on sffucture and superconductor transport

attribr*es of YBaz.oCur.6G7"5 composites specimens. This was synthesis by ceramic method. XRD

examination sustains the orttrorhombic crystallization sfiucture of the sarnples. No significant change

was observed in T"tol with the increase in nanoparticles concentration and increasing the field. The

SEM images demonsfiate the CNTs formation between the grains. Their observances Propose that

the increase of CNTs to the Y-123 superconducting mafix improves the electrical association

among the grains of the superconductor to increase the J".

Vinu et al. Ugl studied that the vortex tiquid resistive tansition is about the vortex glass

state in Ho doped Bi and PV22l2 superconducting composite. A prominent extending in transition

was observed under applied fiel{ which is the evidence of the thermal variation in the vortex matter,

\l
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therefore the altered vortex glass to liquid tansition hypothesis was used to estimate the activation

energy. They also demonsfiate the vortex-glass behavior of dc-resistivrty at high temperature. Their

outcomes also indicates the enhancement h T, and Uo which expresses that flrx lines are

effrcaciously trapped and in the vortices are in glass state.

Bhoi et al. 1201 evaluated the temperature and field dependency on resistivity of the

polycrystalline PrFeAsOo.ooFo.rz samples in normal and superconducting states. The superconductor

transition Tc(onseq decrease with the increase in applied field 0-14 T. Upper critical field II"21sy is

calculated by utilizing the GL theory and the WHH equation above 100 T. They estimated the

resistivity under T"(oy which shows Arrhenius act due to TAFF of vortices. The activation enerry Uo

is specified from the Arrhenius plot of the resistivity which exhibits a power-law dependence on

applied field.

V
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Chapter no.3

Synthesis and Experimental Techniques

For the synthesis of high temperature superconductors numerous techniques have been

intoduced. These techniques are employed to prepare fine crystalline stuctures, consuming

synthetic or actually existing crude materials.

3.1 Sotid-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 sEuctures. Calculated

arnount 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

gains. After pelletlhation the mixture is then placed in vessels made up of quarE for heat featnent.

The technique, Solid state reaction play vital role for preparing numerous cuprates. To get ceramic

materials with various solid material metal oxides, niffates, carbonates and salts all are mixed and

then the mixture experience heat fieafinent till reaction completion [U. Tl2O3 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 f. were studied by two scientists Sheng and Hermann

[34] by fuing up prccursor @a-Ca{u-O) with (TlrO3) powder for atleast 3 to 5 min at temperature

of - 880-910 oC following oxygen supply. In case of higher unpredictability of Tl+omponents, 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.

ht"
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3.2 Nanoparticles synthesis

3.2.1 Topdown Approach

Top-down aprproach is also known as physical method. By using this method nanoparticles

are produced by reducing the size, subfiacting or subdivision of the bulk materials. Some of the

most commonly used physical methods are ball milling arch discharge and thermal methods [5].

Flg.0.1: Topdorvn and botom-up apprmches adopted fornanomderials.

st

,l.r
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3.2 2 Bottom-u p Approach

Chemical method or boffom up approach is extremely si8nificant for the syrthesis of

nanoparticles. In this technique aloms and molecules are joined togettrer to give the nanoparticles by

using different methods. The main advantage sf 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 me sol-gel, CVD, self-assembly and positional

assembly.

3.3 Nanoparticles/superconductor composite

Solid-state reaction method is used to prepare bulk CuTl-1223 superconductbr. Ba(Nq)2,

Ca(NOr)z and Cu(CN) are used as starting material. The reaction complete in three steps. In first step

fixed ratio of Ba(I.[Ol)2, Ca(Nq)2 and Cu(CN) were mixed and heated in quare fimace at t60 oC 
as

shown in Fig. 3.2 . NiFezOl 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 t tq. In third step, precursor materials were again refined and finally

mixed with TlzOr (99%, Merck) for preparation of (NiFezO+t/Cuo.sTlo.sBazCazCurOro- a (x = O
0.25% and 0.57o) as composite material as shown in Fig. 3.4. After that the material was pelletized

under pressure level of 3.8 tons /cm3 and then vrrapped in a gold capsule in order to reduce Thalliurr

loss during forming at the temperature of 860"C for about 10 min came by blowing out at room

temperature [7].

,i-
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\

cur(cN), + Ba(NO3L+ Ca(NO3L

Firing in chamber furnace for 24
o

h at 860 C in quart boat

Grinding for? h in agate

Repetition of firing process in ceramic

boat after intermediate grinding of I h.

b

l*

Cur.BarCarCqOr*

Fig. 0.2: Preparation of Cuspa2ca2CqorGs precusor.
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R

\.

X'ig. 03: Flowchart forthe spthesis ofNiFe2Oa nmoparticles by sol-gel method

Y
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L.

?

Fig.0.4: Flow chart to synthesized (NiFezOeLiCuTl-I223 nanoparticles /superconductor composites.

-

. Pelletlzatlon under

3.8 tons/cm2

. Sintering at 8600c for 10 min in
preheated chamber fu rnace

. Quenching to room temperature
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3.4 Chara ctet'tntion Techniques

Bundle of characterization techniques are used for analysis of nano-sfiuctures and nano-

composites. Crystal structure was recomized by using X-ray diftaction technique ()RD), infield

measurement dc-resistivity versusi temperature and other superconducting parameters were measured

by using physical properties measuring system (PPMS). Scanning elecfion microscopy (SEM) is

also used to arnlyze the surface morphology.

3.4.1 X-ray Diffraction QRD)

X-ray diftaction QG.D) 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 tlpes of electromagnetic radiations of very small

wavelength (0.01-10 nm) their enerry is more than the enerry of early electomagnetic radiations

yielded from interior shell fansition. They can penetrate easily into ttre material because of their

very small wavelength [9]. X-rays wavelength is ranging from 0.7 - 2.A matching to energies of 6 -
17 keV.

Fig. 0.5: X-ray diffiaction pattem fiom ttre lattice planes [8].

i

iI)
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In this technique, atoms of the crystals made X-rays to diftact at different angles. 3D imagesx' 
for the density of elecfion can be originated by evaluating the intensity levels and angels of the

diffiacted beam. From elecfion density we can take the perspective of electon in the crystal. As it is

diffi:acted through the crystals of interatomic spacing and is reflect from the cr),stal plane E0l. After

the reflection, these rays obey Bragg's Law. i.g

2d(Sin0)=n1... ...............(3.1)

In the above equation n is the positive integer which shows the order of diffiaction, d is the

inter planner distance while 0 is the angle which represen8 the wave length L when rays are incident

to the plane. When electomagnetic bearn interpose constructivelS then we get peaks of XRD

pattem. XRD pattem from the crystal is shown in fig 3.5. The technique is also used to determine the

thickness of the thin fitns I l]. By using measured intensities the data conceming the atomic

placements in multilayer can be exhacted.

U

Ftg.0.6: Experimental apparatus of)<RD [91.

}
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3.42 S.anning Electron Mcroscope
$

Scanning electon microscope (SEM) is an encourage stucture of microscope that use

elecfronic beam rather than light. High resolution ability provide SEM more useful technique. SEM

have a bundle of advantages like broader depth of field. h SEM elecfiomagnets are used rather than

lenses for magnification [2].

D

Fig.0.7: Schematic diagram ofSEM [10].

It consists of electon gun through which elechons are ejected, two condenser lenses,

l* objective systun and detection system. Electron gun is used to generate and accelerate the electronic
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elecfron beam to

focus the beam on sample having diameter of 1-10 nm which containing current 1-100 pA. As the

elechon probes diameter increases current passing is also increase [3-15]. When the beam of

elecfon is passed off from the electron gun it interacts with the sample. This is responsible for the

ernission of secondary elecfons, back-scatered electoq auger electrons and photons. For the

collection of electrons x-rays, sensor are used. At last sensor converb signals into final i-age.

'e
Fig. 0.8: Emission of electons and photons [I5].

3.42.1 Secondary Electrons

The electon bearn is comes from the electron gun is hits the sample and penetates into the

surface and causing inela*ic 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 electons. These

are low energy electrons their energy is less than 50 eV. Secondary electons have the range of 0.5-5

eV [6].

3.4 2.2 Backscattered Electrons

Some of the incidental elechons 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 elecfrons is

very high (50 eV) [7].ia
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3.423 AugerElectrons

Auger electons 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 elecfion from

outer shell leaving in emission of photon of x-ray qpectunl which is also used to release the electuon

of higher shell. This released elecfion is called Auger Elecfion. These electrons are released from the

part close to the surface of the sample. The enerry of auger elecfrons depends upon the stucture of

the atoms [8].

3.43 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 resistivrty as a

part of temperature gives data nearly to the several temperafure dependent elecfionic 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 U91. 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 (D 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).

G
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it+

Fig. 0.9: Four probe contacts of currEnt and voltage supplies to the sample during the resistivity measuremens [20].

The resistance is estimafed utilizing the ohm's law (V: R), whereas I is the current passed

and V is the volt4ge applied. It is essential to hold the voltage probes among the current probes in a

onedimensional way. The accurate resistivity G) of the sample can be estimated applying the

relation,

p=Rf...... ................(3.2)

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 field 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 room

temperature up to - 5 K. Entirely the manganite specimens arlrilyzed 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 he{ uctd.c magnetizations, thermo-power
rr analysis, halls effecg etc.
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v 16'cq:--
E ==E

Ece
IrE&rE srld themtom*h*e 1!1

Fig.0.l0: PPMS probe and sample chamber geometry [21].

The magneto resistance analyses of bulk specimen, magneto resistance versus temperature of
the specimens were expressed by applyrng the four probe technique in the presence of an external

magnetic field using PPMS p2l. 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.

G
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Chapter no.4

Results and Discussion

4.1 Crystal structure

X-rays diftaction is used to shrdy the crystal structure of (NiFezO+)/(CuTl-1223)

nanoparticles-superconductor composites with x = 0, 0.25 and 0.50 wt. %o. T\e X-rays tube was

operated at 4() 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 NiFezOl

nanoparticles is shown in Fig. 4.1. Fig. 4.1 shows that all of the diffraction peaks represents pure

NiFezOa qpinel fenite phase. Average crystallite size of the nanoparticles was calculated by using

Debye- Scherrer' s formula;

where k is the shape constant and its value is 0.9, I is the wavelength of X-rays employed, p is the

full width at half maxima (FWIIM) and 0s is the diftaction angle. The average crystallite size of the

nanoparticles is 35 nm. Fig.4.2 shows the XRD pattern of (NiFezO+).(CuTl-1223);x4,0.25 and

0.5 vtf/o. composites. Majority of the )(RD peaks are indexed well which represents the tetagonal

crystal structure of ortTl-1223 phase @4/mmm space-group) and a very few low intensity un-

indexed diffiaction peaks indicates the presence of some other superconducting phasss as well as

some unknown impurities.

D=L
pcos0

{l
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Fig.4.l: XRD pattern of NiFe2Oa nanoparticles.

Fig.42z )(RD patterns of (NiFe2Oa), l(CuTl-1223) superconductor composite samples with (A) x = 0, (B) x = 0.25 (C) x
= 0.5 wl o/o.
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The computed cell parameters of our zuperconductor composites (NiFezOeL l(Cun-l2z3) are a=

4.0il, c:l4.99Aforx=00 o:4.00A, c:14.95 Aforx=025 anda=3.90A, c: l4.9lAforx
: 0.5 wt.o/o, respectively. The addition of NiFe2Oa nanoparticles does not change the stnrctulral

q/mmefy of the bulk CuTl-1223 superconductor which shows that NiFezO+ 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 nanoparticles and variation of oxygen contents. These studies

demonstrate that these nanoparticles does not decompose or substitute any lattice site in the unit-cell

of CuTl-1223 but lies at the inter-granular sites i.e. grain boundaries.

4.2 Surface morpholory

Scanning electron microscopy (SEM) is used to study the surface morphology of the

(NiFezO+X l(Atn-D23) superconductor composites. Fig. 4.3 shows the SEM images of
(NiFezO+h(CvTl-1223) ssmposite samples in powder forn with x = 0.50 wLyo at 5 pm and I ;rm,

which shows the tlpical granular behavior of CuTl-1223 superconductor. The powder was pelletized

for the transport measurements and the nanoparticles reside on the compressed grains surfaces.

IA't-

.+
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d

.l..

Ftg. 43: SEM images of superconductor composite powder with x = 0.50 wt. o/o at 5 1umand I ;rm scales.

4.3 Resistive transition

Physical property measurement system (PPMS) was used to measure the transport properties

of (NiFezOlV(CuTl-1223) superconductor composites samples. The dc-resistivity dependence on

temperature of (NiFe2Oa),(CuTt-1223) superconductor composites samples with x : 0 and 0.5 \m
oZ under different applied magnetic fields ranging from 0 - 6 T was studied and shown in Fig. 4.4
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(q b, c). As the applied field increases, the T. (nO was not changed much but T" loy shifted towards

the low temperature. This decrease in T. rol shows that grain boundaries are involved more in

superconductivity than the grains. The T,1o; decreases from 103.8 to 79.6 K 95.36 to 70.9 K and

77 .06 to 58.54 K for (NiFezO+V(CuTI-l2B); x: 0, 0.25 and 0.50 vrtflo superconductor composites

at applied fields from 0 to 6 T, respectively.

Flg.4.4: Infield temperatre dependence of dc-resistivity of (NrFe2Oa)"(CuTl-1223);(a) x = 0, and @;1= 025 vtL%(c)
x = 0.50 wLTo nanoparticles superconductor composites

s

$
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T't o peaks were observed from the derivatives of ffield R-T measurements of (NiFezO+), /@uTl-

[223) superconductor composites, which may be due to two-step transition in HTSCs. The first step

fransition 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 tansition occurred at relatively low temperatures where inter-grains weeklink behaves like a

Josephson and lock-in phase and get to be superconducting [-2]. The tailing region in these samples

is non-linear due to inhomogeneity and quantum tunneling. It is considered that in the T.loyregion 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 tansition

width was increased, which shows that degree of broadening is sensitive to applied field, this can be

analyzed on the basis of thennally acfivated flux flow (TAFF) model [3]. The superconducting

broadening is due to enerry dissipation induced by movement of vortices. Hence, this significant

resistive broadening in the tnansition width is the consequence of thermal fluctuations in vortex

matter. For all sarnples, the decrease in T"tol and T" too*l (K) to the lower value was observed by

increasing concenhation of NiFezOa nanoparticles and applying extemal applied field due to TAFF

of ma€netized vortices.

4.4 Aclivation Enerry

The activation energy U"GI, T) was determined from the slope of the linear regon of low
resistivity data which represents the TAIry regron in Arrhenius plots as shown in Fig. 4.5 and acts as

potential barriers to hold the magnetic-flrx in pinning centers. In TAFF, the vortices start hopping

from one pinning center to adjacent pinning centers, this gives rise resistance in TAFF region [zl-5]
and can be written as,

p(T,II) : po (7, II) ,-uo*r,.. ...(4.2)

where ks is the Boltzmann constan! po normal state resistivity at temperature just above T" rooott (K),
and U" is the activation energy [6-9]. The Arrhenius plots of the lnp (0-m) versus t/f 1f-t; for
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\b (NiFezO+),(CuTl-1223) superconductor composites with x: 0, 025 and 0.5 wL% are shown in Fig.

4.5 (e,b,c).

Hg.45:AnheniusploBof(NiFeOrV(CuTl-1223');(a)x=Oand@)x= 02SwLo/o(c)x=0.50wLZonanoparricles-
srperconductor compmites
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Results and Discussion

It was observed that activation energy of CuTl-1223 superconductor composite has been decreased

with the addition of NiFezO+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 aheady been noticed in different HTSCs families U0-121. The infield dependency

of the Uo for the composites samples is shown in Fig. 4.6, which have been fitted by using power

law (Uo = CH-). The measure of o, for representative composites with X = 0, 0.25 and 0.5 wt.o/o were

found tobe 0.76299,0.56884 and 0.31539, respectively. These measurements express the falling

rate of activation energy with the increase in NiFezO+nanoparticles concentration in bulk CuTl-1223

superconductor composite U3l. So the flux pinning ability of the CuTl-1223 superconductor

composites have been reduced with the increase of magnetic NiFe2Oananoparticles.

TABLE 4. 1: Field dependent activation energy (Uo)

r=025 irL 96

Some important conditions for effective flux pinning are (D the pinning centers should be nearly

equal to the coherence length and (ii) the vortex and the lattice of pinning centers period must

correspond with each other [4]. The noticed non-fiffed activation e,nergies vercus applied magnetic

field H(T) is presented in Fig 4.6.

t
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\} 0,6

0.4

03

,9r1

0.5

o\/3
O2.

H(T)

t Flg.4.5: Activation energr (Uo) dependence on magnetic field for (NrFezOrV(CuTl-1223); x = 0, 025 and 0.50 wt. %
nanoparticles-superconductor composite samples. [sted line shows the theoretical fit of equation Uo= Ctf.

Fig. 4.7 shows the fiansition wid|& pT : n@,*) - T" @l vercus '.tf , This plot of ,/T
versus '.fiP was fified using TAIIF model as shown below in Eq. 4.3.

/T:/To+ Clr....... .......(4.3)

where lL is the ransition width withoE magnetic field (I/ : 0), and C is the coeffrcient which

depends upon critical current withors magnetic field. The measures of n for (NiFe2O4h(CuTl-1223);

X = 0, 0.25 and 0.5 wt.% superconductor composites were determined to be 0.4614, 0.774A md

0.9695, respectively. The value for n is generally 213 = 0.66 which depends upon the type of
material [15]. Fig.a.7 shows the increase n lT with the addirtion of NiFe2Oa nanoparticles

concentation in CuTl-1223 superconductors composites, this indicates the decrease in pinning

potential.
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Flg.4.7: AT verses applied magnetic field H for (NiFezOrV(CuTl-1223); x = 0, 0.25 and 0.50 n4. % nanoparticles"
superconductor composites.

A substantial superconducting fiansition broadening was notice4 which shows the dissipation

process and flux creeping in these composite samples. Nearly regular increase n'/T indicates that

m4gnetic field lines have been effectively pinned due to which the motion of vortices has been

decreased" The superconductor's resistive broade,ning depends upon applied magnetic fiel4 therrmal

fluctuation and dissipation phenomenon, which can be computd from the TAFF model.

4.5 Vortex glass Transition

The vortex-phase hansition can be rmderstood 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 [6]. Thus, transport measurements are normally used to

aoalyze vortex-phase transitions. Vortex glass theory is normally used to understand vortex phase

-$.
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fransition in cuprates superconductors. The vortex glass theory zuggested for high I cuprates [|fl.
In vortex glass state, at glass-fansition temperature Tr,the resistivity diminishes as a power law,

P=P,E-'l'

,.......(4.4)

Where p, is the normal state characteristic resistivity, s is a constantauantity which

associates the form of disorders. For the glassJine W.4.4, can be re-formulated as [18],

P=P.lffi.l'
,............(4.s)

where U, is the pinning potential, ta is the BolEmann constant nd p, is the normal state

resistivity. This model shows the occurreirce of vortex-solid to vortex-liquid ransition depelrds upon"s]
two energy state U.(H,T) : ka Ts. This empirical effective pinning €Nrergy is expressed as

U.(H,T)=KBT,#
........(4.O

where t : T/To If and / are constants. According to this model, resistance is the result of

competition among pinning enerEy and thermal activation elrerry &a2' Combining Eqs. (4.5) and

(4.Q we gettlpical resistivity scaling firnction

*>
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From vortex glass model [9] and F4.@.7) shows that the resistivity approaches to zero al
ll*

the Trff p=clT-4|"," =v(l-z), where v is the static+xponent relafes the gtass tansition

correlation dynamics, €s - (T -Tr)- and z in the dynamic+xponent relates the correlation

coefficient ti.. 4 - 6j. fhus the Vogel-Fulcher relation @(ln p) I dfl-rcan be used on resistivity

tails to analyze glass transition temperature Q) 120-211. According to this relation, the logarithmic

derivative inverse or resistivity linearly dependent on 7is given as,

lW)" =*o_rr, 
..(4.8)

The temperature dependence of [O(np) lln-' under applied fields from I - 6 T for

(NiFe2Oa)*(CuTl-1223); x = 0 and x = 0.50 wt.% is shown in Fig. 4.8.
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Throryh corresponding linear part of the curve from Eq. 4.8, ?, was figured from linear part of low

resistivity data" The temperature of upper critical part shows the fiansition from vortex-glass to

vortex-liquid. The values of exponent s and the slope of the fittd shaight line are obtained as s :
l/slope for (NiFezOn)r/ (CuTl-1223);x= 0,0.25 and 0.50 wt.o/o,respectively. For x = 0 wt.o/o, the s

parameter is larger than that obtained for x: 0.25 and 0.5 wt.%. At last combining the observational

ontcomes over, the obtained voftex phase transition for (NiFezO+L(CuTl-1223); x = q 025 and
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Results and Discussion

0.50 \m% superconductor composites samples with dissimilar dynamical features are presented in

Fig.4.9.

40 50 60 70 80 90 100 110
T (K)

Fig.4-e: Vortex phase diagram for the (NiFezr*[ffi,:?:] x = O 0.25 and 0.s0 wt. % rmder different applied

We developed the vortices phase diagram in the H-T space between Tr and T"g, associated with

vortex-glass to liquid phase-tansition. Fig.4.9 shows that Ts and T4q changes towards the lower

ternperature values for x : 0, 0.25 and 0.50 wt.%o of NiFezO+ nanoparticles added samples. The

obtained results confirm that vortex pinning properties have been decreased with the addition of
NiFezOa nanoparticles concenfration in C.fil-1223 superconducting matrix. According to pinning-

model the decrease rn Ttand T4o1is due to disorders caused from thermal fluctuations inside the

voftex solid lattice and can be separated into two dissimilar regions according to the stength of the

applied ma8netic fields [22]. The vortex glass state represents the region below Tr, As applied

magnetic fields increases H > Ho the vortex glass turns softer and finally melts and converted into

vortex liquid, which holds middle region between Tr and T"g, where thermal fluctuations are
ir
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Results and Discussion

important in the vortex phases which are responsible for dimensionality transition from 2D to 3D

and above T" tol the sample move towards nonnal stato 123-25]. The NiFezO+ nanoparticles added

superconductor composites with different concenfiations x: 0, 0.25 and 0.50 wt.% shows very

narrcw regions of vortex-glass phase, which shows weak pinning behavior at Tu.

Conclusions

We have synthesized the composites of NiFezO+ nanoparticles added CtffLl2;23

superconductor composites successfully. We have investigated the effect of NiFezO+ nanoparticles

addition on structural, morphological and infield response of CuTl-1223 superconducting matrix.

The crystal structural symmety of CuTl-1223 superconductor was not varied by the addition of

NiFezO+ nanoparticles. The temperatwe dependent infield dc-resistivity has been explained by

thermally activated fltx flow ([AFF) model. Some parameters like glass transition temperature Ig,

magnetic field dependent activation enerry U" (H) and fransition width lT calculated from TAFF

model were decreased with the increase in applied magnetic field. That shows the diffrsion of

nanoparticles across the grain-boundaries of bulk CuT1,-1223 superconducting maftix. The double

fansitions for all concentrations of NiFe2Oa indicate the existence of vortex-glass phase.

ts

S.
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