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Abstract

Superconductrng fiansition and pinning properties of (Ag/CuTI-1223

nanoparticles-superconductor composites (x : 0, 0.5, 1.0, 2, and 4.0 wt.Zo) was

investigated at differert magnetic field up to H : 8 T. The overall increase in critical

temperature (T.) was observed and found ma:rimum for x: 2.0 wt.%. The values of
T"** remained unaffected by applyng the magnetic field, but at low temperatgre

critical temperature T. decreased by increasing the magnetic field. The normal state

resistivity pn decreased, which is the confirmation of improvement in inter-grain

connectivity after the addition of Ag nanoparticles. The fiansition regron at low

temperature shows the Arrhenius behavior due to thermally activated flow of vortices.

Modified form of Arrhenius law was used to aaalyze thermatly activated activation

energy (U"). The critical temperature T., activation energy Uo, and upper critical field

Hs2 wero found to be optimized for x:2.0 wt.%.
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Chapter I : Introduction

1.1 Historical review of superconductivity

Superconductivity is one of the most atfiactive topic in natural science/ Since

1913, the Royal Swedish Academy of Science has award the Nobte Prize of physics

for five times to the achieve,ments on superconductivity.

First one was won in 1913 by H. K. onnes [1]. Although the official

announced prize winning reason is for the investigations of electrical properties of
matter at low temperatures that were produced by liquid helftrm, everyone knows the

work marked the discovery of superconductivlty by observing the zero dc electric

resistivity in pure mercury below 4.2K.\n 1972, the prize was awarded to J. Bardeen,

L. N. Cooper and J. R. Schrieffer for developing the theory of superconductivity that

is known as BCS theory 12, 3l.The theory described superconductivity as a

microscopic effect caused by a Bose-Einstein condensation of special electron pairs,

namely Copper pairs. The formation mechanism of Cooper pair is based on the

interaction between electrons and crystal lattice.

Continuously, I. Giaever and B. D. Josephson were won the shared Nobel

Prize in 1973. Giawer was awarded for his experimental discoveries conce,l:ring

tunneling phenomena is superconductors [a] and Josephson was selected due to his

theoretical predictions on a microscopic quantum phe,lromenon of a supercurrent

through a tunnel barrier [5]. These works opened a wide fietd to applications of
superconductors. The discovery of zuperconductivity in ceramic materials hit the

Noble Prize of Physics in 1987. J. G. Bednorz and K. A. Muller detected the metal-

superconductor fransition on a lanthanum barium copper oxide (LaBaCuO) at 35 K
that was a breakthrough in critical fiansition temperature of superconductors [6]. This

work marked the beginning of the era of high temperature superconductivity.

The most recent success was achieved by V. L. Ginzburg and A. A.

Abrikosov, who were two out of three winners of Nobile Prize of Physics in 2003.

Ginzbug was awarded for his contribution in establishing Ginzburg- Landau Theory

that is a phenomenological model to describe phase tansition of superconductors

based on thermodymamic interpretation. Abrikosov was awarded due to describe the

vortex lattice in type-tr superconductors [7, 8].

TJ
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The development in the field of superconductivity, including the great

achievements above mentioned , not only promoted the progress in related disciplines,

such as condensed matter physics, quantum physics, material science and so on: but

also created a series of applications based on superconductors special properties of
electricity and magnetism, such as power fiansport, magnetic resonance imaging and

so on. In future, it is foreseeable that if the new break through are obtained in

mechanism of high temperatue superconductivity or of superconductors working at

room temperature and afinospheric pressure, the Noble Prize of Physics will probably

be granted to these works in the field of zuperconductivity agarr..

1.2 Basic Properties of Superconductivity

Besides the sudde,n disappearance of electrical DC resistance, superconductors have

some universal properties that are independent of the materials themselves. The

existe,nce of these universal properties indicates that superconductivity is a

thermodpamics phase.

1.2.1 7*r o Electrical Resistance

An electrical curre,nt in conductor may be described as a cloud of elecfions

flowing across a heavy ionic lattice. During current transporting, the electrons

constantly collide with the nodes (ions) of the lattice, and in each collision consumes

some of the energy carried by the curent and converted it into heat. As a result, the

energy carried by the curent is constanfly being dissipated. This is the phe,lromenon

of electrical resistance, which is given by Ohm's law.

However, the situation is totally different in a superconductor since no voltage

is required to maintain the tansport curre,nt. According to BCS theory the electronic

fluid cannot be resolved into individual elecfrons in a superconductor. Instead curent

calriers are fonned by the bound pairs of elecfions is produced by the en€rgy

exchange from phonons. Due to quantum mechanics, the Cooper pair fluid possesses

a special energy gap that is larger than the thermal energy of the lattice. Thus, the

fluid witl not be scattered by the lattice and performance as a superfluid meaning it

can move without energy dissipation. Although BCS theory gives microscopic

description of zero resistance in conventional superconductors, it cannot explain the

phenome,non in high temperature superconductors SITSCs). In these cases, the energy

gap beloneing to Cooper pairs have been less than the thermal energy of the lattice at

s
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temperatures not too far below the nominal superconducting fiansition: whereas

experiments have demonstrated that currents in HTSCs coils also can persist for long

t"ne without any measuable degradation.

1.2.2 Missner Effect

In 1933 Walther Meissner and Robert Ochsenfeld observed that the field

sfrength outside a sample increased as it became superconducting. It was soon

rcalized that what they were indirectly observing was the sample lessming a perfect

diamagnetic and expelling the pe,netating field. The Meissner effect is simple to

illushate: above T", magnetic flux flows through a bulk sample in its normal state, as

shown in Fig 1.1 and as the temperaflre is lowered past T. the flux is expelled and

forced around the superconducting sample, as shown in Fig. l.l(b).

The Missiner effect was given a phenomenological explanation by the brother

Fritz and Heinz London, who showed that the elecfromagnetic energy in a

superconductor is minimized provided

L2H=14H ..........1.1

where H is the magnetic field and I is the London penetration depth [9]. This

equation, which is known as the London equation, predicts that the Meissner effect

does not cause the field to be completely ejected but instead the field penefiates the

superconductor only a very small distance ),, decayng exponentially to zero within

the bulk of the material. The Meissner effect is 2 dsfining characteristic of

superconductivity. For most superconductors the London penefiation depth is on the

order of 100 nm.
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Ftg. 1.1: Meissner affect for Tlpe I superconductor in magpetic field with one citical transition field
H" (a) and (b) for Tlpe II zuperconductor in magnetic field with two critical transition fields lower
critical field Itr and upper critical fieH ffu [10].

The Meissner effect breaks down when the applied magnetic field is larger

than the critical magnetic field. Superconductors can be divided into trno classes

according to how this breakdovm occurc as shown in Fig. l.l. In Tlpe I
superconductors, zuperconductivity is abnrpfly desEoyed whe,n the stength of the

applied field rises above a critical value Hr. In Type tr superconductors, raising the

applied field past a lower critical value II.r leads to a mixed state in which an

increasing amount of magnetic flux penetrates the materials, but 1fos1s ls6ains ns

resistance to the flow of electrical curren! as long as the cure,lrt is not too large. At
upper critical field sfiength H62, sup€rconductivity is destroyed. Most pure elemental

superconductors, except niobium, technetium and vanadium etc., are TWe I, while all

impure 6nd ssmFound zuperconductors are Tlpe II.
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1.2.3 Cridcal parameters in superconductors

Based on the eleme,ntary properties of zuperconductors, the zuperconducting

state depends on three parameters: temperature, magnetic field and current density.

Every parameter has a critical value to divide the normal state and superconducting

state in a particular superconductor. It is necessary for the superconducting state that

the temperature is lower than the critical temperafire T.. Any current and extemal

magnetic field which exceed the critical curre,nt densrty J. and critical magnetic field

Hc will also destroy zuperconducting state. The relationship of three parameters is

shown in Fig 1.2 the superconducting state is under the surface formed by the T., J"

and tt.

Ftg. 1.2: Critical surface phase diagram of superconductor composed by critical transition t€mperature

T., critical transition field II", and critical curr€nt de,nsity J" I l].

1.3 The development of superconducting materials

Since the discovery of superconductivity by H. K. Onnes in l9l1[], the

developme,nt of zuperconductrng materials is a long and rued road to pursue high T"

approaching room temperature. It is well known, superconductivity was first

discovered in Hg at 4.2K in 1911, lead was found to be zuperconductor at 7K.ln

subsegue,nt decades, superconductivity was found in several tlpes of materials, such

as pure elements, alloys, intermetallic compounds, ceramics etc. They are classified

into three categories as shown in Fig 1.3.

Until 1973, the highest T" of 23.2 K was found in MeGe ll2,l3l. This record

held until 1986, whe,n Lar-rBaCuzOn was found to be superconductive with T. up to

35K [4]. Later in early 1987, YbazCurOz GtsCO) was found to have T. up to 93K

[5, 16] 6aking it possible to utilize low cost liquid nitogen (boiling point at 77K)

l.---------
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as the refrigerant. Now, superconductors with T. below 23K are collectively called

low temperature superconductors (LTSCs) while with the T" above 23K arc called

high temperature superconductors gmscs) [ I 7].

The discovery of high temperature superconductivity in cuprates atfiacted

numerous atte'lrtions, several tpical copper based HTSCs were found in the following

decade. In 1988, a high T. of about l05K was obtained in a Bi-Sr-Ca-Cu-O (BSCCO)

combination F8, l9l. trn early 1988 the T1-CalBa-Cu-o system with T. up to l20K

was found [20]. In 1993, HgBa2CuO4, rrrith T. of 94K was discovered as the first Hg-

based cuprate zuperconductor [21] and then a highel T" up to 134K was found in

HgBa2Ca2CqOa-, (Hg-1223) at ambient pressure [22]. Ia 1994, the highest Tc of

164K" which remains the world record now, was achieved rmHg-1223 under 3lGPa

quasi hydrostatic pressure [23]. A new IITSc with critical temperature T. up tol32K

was developed in 200lwith combination of Cu and Tl systems by H. Ihara and

fellows p$. They developed the selective reduction for hole-doping for Cu1-

,TIrBa2Ca3Cu+Orz-y (CUr-rTlr-1234) and Cur-rTI,BazCa2Cu3O16, (CU1-,TI,-1223)

system.

In 2001, a binary inter metallic compound MgB, was found with the T.39K

t251. This discovery created great interest in both research and industrial applications

due to 1fos simFle structure of Mgtsz and low cost of raw sources. After several year

developme,nts, MgBz wires produced by the power-in-tube method have become a

very possible alternative for the commercially used LTSCs MlSn and MTi [26].

In February 2008 fluorine doped LaFeAsOr-,F, was found to be

zuperconducting with T" of 26K 1271. One month later, a higher T. of up 55K was

obtained in SmFeAsOr-,F, compound [28]. The Fe-layer based noncuprate HTSCs

has become a hot research point in the field of superconductivity, which is still going

in today [29]. Experts hope that having another family to study will also help to

develop a theory of the cuprate superconductors.
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13.1 Copper thallium based superconductor

CuBa2Cao-rOz"-r{Cu-12(n-l) 4 t :L, 2, 3A....1 exhibits the tefiagonal

stnrcture and high pressure is needed for its slmthesis. It has high critical current

density and high critical temperature is about 120 K. In these superconductors, if it is

added thallium with it then a new family of superconductor comes into being which is

known as CuTl-1223 superconductor having critical te,mperature is about l32K and

crystal stnrcture is shown in Fig. 1.4. The stnrcture of these superconductors has two

divisions, a charging reseryoir and a superconducting block which provides charge

carriers to planes. 124,30-321.
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1.4 Vortex matter in high T" superconductors

High conductor superconductors are tlpe II materials: they have long

penetratiou length I and short coherence le,ngths (, as a result in large value of the

Ginzburg Lamdau parameter r. A direct effect of larger value of r is that the mixed

state extended over a large reglon of H-T phase diagram. This is also clear when we

observe the expressions for the lower and upper oritical field. The magnetic flrx will

start to penetrate in the superconductor whe,n the Gibbs free e,nergy of one vortex

becomes larger than the Gibbs energy present in Meissner pure state. The vortex starts

penefrating just above the lower critical field ltr.

H,r=-\n4 ....1.2
+ltpoA- 5

A long coherence depth l,leads to low value of H.1 and therefore the Meissner sate in

HTS remains in a small region. While in upper critical field region H.zthe numbers of

vortices are high and their cores start to overlap. The H.z is found by using the

Ginzburg-Landau theory.

rr 0"H"2=ffi ....1.3

So the H"2 value is larger for a short cohere,nce length ( in zuperconductors. In phase

diagram for HTS, the vortex state occupies a large reglon.

In a pure sample the vortices are in an arranged manner and supper-curre,nt create the

repulsive forces which keep the vortices apart from each other and help to push out

from the materials. However, at fields above H"r the energy is lowest in the presence

of vortices, so a force will appear to keep the flrx denslty constant by preventing the

vortices from leaving the sample. The equilibrium betwee,n these forces is established

and vortices are remaining in an arranged form.

The vortex lattice is also known as Abrikosov lattice, due to the discovery by

Alexei Abrikosov tt 1957 of a solution to the linearized Ginzburg-Landau equation

that predicted a lattice of parallel flrrx lines [33]. The first image of Abrikosov lattice

was take,n by Essmann and Trauble n 1967 using Bitter decoration on Pb4 [34].

After the discovery YBCO superconductor Gammel used the same technique to

observe the lattice [35]. Many other techniques have been used successfully to image

the vortices, zuch as tunneling microscopy or magnetic force microscopy [36]. Vortex

v
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dyramics haven been also directly studied by using Lorqtzmicroscopy and magneto-

optical techniques [37].

l.4.lVortex Motion
-> Vortices are in motion, when a curre,nt densrty j is applied to a superconductorfe.

in mixed state then the Lorentez force will appear. The force exerted on per unit

length of vortex is

fr.= jxf, ........1.4

Where 0o : go ^2, assuming that vortices are parallel to the z a:ris. . The LorenE force

per unit volume over the entire sample is4 = jxB, where B is the mean flgx

density. A viscous drag force opposes the vortex flow and gives a constant velocity v
of the vortices. The viscous drag force per unit length on a vortex is

f,='t' ''"t'5
where q is viscous drag coefficient. The perfect conductivity is lost due to power

dissipation in the vortex system which is generated from the motion of vortices by an

electric field E = Bxv which is parallel to j.

Another force is necqssary in order to keep the vortices from moving even

when Fl # 0 and in that way to recover perfect conductivity. In real materials, this

exfra force comes from the static disorder present in the system. For a vortex it is
convenient to be located in a defect, as the order parameter is already depressed there

and it is not necessary to create a whole normal core. However, a random distribution

of point pinning ce,nters will not be effective to pin a rigid vortex lattice, since the

sum of the individual pinning forces from each pinning site would add up to zero. In

1979, Lar;lota and Ovchinnikov studied this problem in their theory of collective

pinning [38].

The property of dissipation free current flow is recovered whe,n vortices are

pinned by disorder. However, if current density is increased above the critical current

density value j", the Loren?, force will overcome the pinning force and the vortices

will start moving again. This depinning critical curent density j" is bounded by the

curre'lrt at which the Cooper pairs are destoyed, known as the depairing current

densrty jo, so j, < jo. pinning is most effective at low temperatures, where thermal

fluctuations are not 6s importan! so at higher temperatures the flux lines can be

depinned at current de,nsities smaller tr^ j".

t;;
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1.4.2 tr'lux Creep

At high temperatures, the thermal energy may be sufficient to allow flgx lines

to jump from one pinning ce,lrter to another; eve,n the curelrt density is not larger than

jo. Flux bundles jump between adjacent pinning points in a process known as flrur

tre9p, explained in the theory developed by P. rw. Anderson and y. B. Kim l3g,4ol.
The jump rate is given by

fiqe4"lk"T

where Uo is the activation energy of the pinning barrier. If no current is applied, the

probability of jurrFing is the same in all directions and no creep is observed. A
current will induce a flrur density gradient favoring the jumps in the direction in which

the flux density decreases, as shown schematically in Fig. 1.5. The electric field
caused by the flux creep is [al].

1.6

U

Fig. 1.5: Fhu bundles jump betwee,n adjace,nt pinning cent€rs. When no current is applied, the
probability ofj 'rnping is the same in all directions. An electical surrent induces a flux density gradient
that favors the jumps in one directisa. la this schematic view, the free energy is shown as a fimction of
the position of the bundle [41].

1.4.3 Phase Diagram

The superconductor system gains energy due to motion of vortices under the

influe,nce of the Loren? force. If this energy is smaller than the pinning energy, the

vortices will be trapped by the defects prese,lrt in the system. But for the pinning to be

effective, the vortex lattice has to adapt to the pinning landscape at the cost of some

elastic e,nergy. Thermal energy also plays an important role: at high enough

temperatures, the pinning barriers become irrelevant compared to the thermal energy

(flrur flow regime), and thermal activation is also responsible to makes the creep and

q
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TAIIF phenomena possible. The competition betweelr elastic, pinning and thermal

energies shapes the phase diagram of high-temperature zuperconductors.

The importance of thermal fluctuations is measured by the Ginzburg number G

t( yk-r )'u,=rlffi) ""'r'8

where 1 is the mass anisotropy parameter, €rb (0) is the coherence length along the ab

plane and tt is the thermo dlmamical critical field, Ho = gJefi npJ0. l}e large

anisotropy parameter 7, short 6 and high T" characteristic of HTS a large G1 and very

soft vortex matter, gving rise to a v€ry rich phase diagram.

In these materials, thermal fluctuations ils important e,lrough to overcome the

elastic energy of the vortex lattice in a large part of the phase diagram, melting the

lattice into a liquid" Ihe mixed state is then separated into a solid at low temperafires

and a liquid at high te,mperatures. The phase diagram for high-T. superconductors is

shown schematically in Fig. 1.6. The propertias of the sotd depe,lrd on the tlpe and

amount of disorder, which also determine the nature of the solid-to-tiquid nansition.

V
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Fig. 1.6: The phase diagram show: (a) the type tr srryerrconductor under influence of exteinal magnetic
field and thee phases present in a conventional srperconductor. (b) Shows the HTSc with vorta liErid
and vortax solid regime [42].
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l.4.4Yortet liquid

The flux line lattice melts into a liquid at high temperatnres or magnetic fields.

In the vortex liquid state, the correlation between vortices is lost and they start

moving around uoder the influence of thermal energy and Lorentz forces, which

cauies dissipation. The pinning in the liquid phase is not much effective as in the solid

state due to the lack of correlation betwee,n vortices. Thus the liquid state always

shows a non-zero resistivity, eve,n for small curent densities. At temperatures just

below the melting transition the lattice becomes softer and a peak appears h jr. Soft

vortex matter can adapt better to the pinning landscape, explaining the appearance of
the peak. This effect was observed by Kwok and their fellows at high temperatue

superconductors [43]. Just above the melting temperature the TAIT regime is entered.

In this region pinning is still effective and the liquid is very viscous, with a resistivity

smaller than in the flrur flow regime. The reduced resistivity could be due to

entanglement in the liquid [a ].

The hydrodpamis thsery proposed by Marchetti and Nelson, where the liquid
state is described through a flux liquid viscosity, which is large due to the

entanglement [45]. In TAIIF regime the decreased in resistivity is observed due to
sfrong pinning ce,nters whose effect is transmiued over large distances. When the

liquid i5 unpinnsd the flur flow regime is achieved at high temperature. The current

dependence of the resistivity in the different regimes is schematically shown in Fig.

1.7.

log p

lir/
Liquid ,l.I
/ Solid

log j

Fig.1.7: Sche'matic plot of resistivity p vs. curr€xrt densrty j for a clean zuperconductor. At high
tempetattues the pinning barriers are much smaller than thermal energy and the system is in the flux
flow regime (FIt). As T decreases and the system gets closer to the solid phase, the pinning barriers
become large compared to the thermal energy (TAFF regrme). In the solid the resistivity comes from
creep motion ofthe vortices [a6].
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In high temperature zuperconductors the magnetic reloration processes are

quick over a large region of the phase diagram below H.2, leading to a reversible

magnetizatton. This reglon is limited at low temperatures by the irreversibility line.

This behavior of the magnetization was observed 1987 in the Ba-La-Cu-O system

p71.\\ey interpreted their observation as evide,nce of a superconducting glass state.

Many researchers described the irreversibility line as a depinning line, using a
thermally-activated flrur-creep model 146, 48]. However, the orign of the

irreversibilrty line has been a confioversial issue and some researchers attribute it to
the phase transition from the solid to the liquid [49], either melting or second-order

glass fransition [50].

1.4.5 Vorter solid

The comparison betwee,lr the pinning energy and the elastic energy helped to

determine properties of vortex solid. In defect landscape the vortices will try to
accommodate while the lattice. In an ideal material with no pinning

centers the solid state would be a perfect Abrikosov lattice. The distortions of the

lattice is not importan! if the density of defect is low in the material then the solid is a

qusai lattice or Bragg glass [51]. In vortex solid phase the Bragg diffiaction pears are

observed and the translational long range order is prese,nred ls2). when the

temperature reaches the melting temperature T* the system undergoes a first-order

fransition into the liquid state.

The pinning energy will prevail and solid phase cannot exist as a perfect

lattice, if the pinning centers are sfiong or there is a large amognt of the,m. In the

prese,nce of correlated disorder, like impurities or oxyge,lr vacancies, the proposed

model for solid state is known as vortex glass state [50].

This state also behaves as superconducting sate: for small cure,nts 0 - 0)

where the pinning barriers become infini1s, to preve,lrt any kind of creep motion and

making P + 0. The fiansition betwee,n the vortex glass and the vortex liquid is second

order tansition, while the first order melting is observed in pure sample.

In the presence of correlated disorder, like the twin bormdaries in yBCO are

colunnar defects is slighfly different. The vortices are pinnsd by columnar defects did
not show any angular depe,nde,nce and anisotopy in the vortex glass region. When the

G
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magnetic field is applied in parallel to the defects the solid is called Bose glass state

and these systems are extensively studied by researcher [53, 54].

1.5 Aims and objectives of research

The main goal of this research is to improve infield zuperconducting

properties aspecially oritical hansition te,mperaflre (T"), upper critical field

Gt) and inter-grain coupling by the introduction of artificial pinning ce,lrters

after inclusion ofmetallic nanoparticles in Ofil-1223 matrix.

In order to attain highest critical transition temperature (T.), upper critical

field (rr"z) and to improve inter- grain coupling and zuperconducting volume

fraction differe,nt t5pes, conce,ntrations and sizes of metalliG nanspfficles will
be added in CuTl-1223 superconducting matrix.

The experimental results will be analyzedon the basis of different established

models and theories and will be compared with the previous findings by the

different research groups working in rhis area.

This research work will guide us for the slmthesis of zuperconducting

materials with the e,nhanced superconducting properties, which is the de,nnand

of advance practical applications.

3.
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chapter 2: Thermally Assisted Flux FIow and Literature Review

2.1 Thermally assisted flux flow (TAIF)
When applied current is low, some superconductors of tlpe II show an ohmic

response even at low temperature under the applied magnetic field. In this case, the

pinning barriers are larger as compared to thermal @trgy, but still finite and the

system acts as a very viscous liquid proposed the thermally assisted flrx flow (TAFF)

model to describe physics of this regron [1]. The ohmic response can also be

calculated from Eq. 1.7 as for small currents are possible to linearize sinh(x) - x and

obtaining a resistivity, which is also known as Arrhenius equation.

p= pog4"lk$

where po is normal state resistivity and Uo is activation energy, these are field and

tunperature depe,nde'lrt. The ge,neral form suggested for the depende,nce of Uo near T"

is

u" t (l-t)c Fp .........................2.2

where r is reduced temperature and t: T/Tr. The exponent q has the value

between I to 1.5 l2l andthis value is in agree,ment with the theory of a pinnsd vortex

liquid developed by Geshke,lrbein and Vinokur 1341. The exponent B depends on the

anisohopy of the material and also on magnetic field t5]. At low curre,nt densities, Uo

is curre,nt independent, while at high currents follows U" a ln(/j).

According to Eq. 2.1, the resistivity should obey lnp oc 1/T. In an Arrhenius

plot of lnp versus l/T, the TAITF regime corresponds to the linear low resistance part

as shown in Fig. 2.1. At higher te,mperatures and resistances, the flrx flow regime is

e,ntered.

.2.1

f,i

t!4

20



Chapter 2 therma[y Assisted Fhx Flow and Literature Review

G
G.

a

j

br

1.1 la'o,r,,lt 1'4

Fig. 2.1: Arrhenius plot of normalized resistance for the YBCO single crystal, in mapetic fields B I c
at Q 0.5, 1,2,4,6, 9 and 12 T (eft to right). The dashed tine marks the crossover from flux flow at

high temiperatues to TAFF at low resistivity [{1.

2.2 Effect of nanostructures inclusion in HTSCs

Ansari et al. [7] investigated magnetoresistivity of diamond doped MgB,

superconductor at different magnetic fields. They revealed that the U"(B) behave as a

nonlinear function of curre,nt densrty Uo*Jr{z. The U"(B) of diamond doped MgB,
was determined and found to be decreased with associated applied field. At high field

range about 8 T, 5 % diamond doped MgB, showed the highest activation energy

tU(B)) as compared to other samples. The results also revealed that the activation

energy shows a decreasing fiend with increasing magnetic field" The ineversibility

(tl;,,) was inqreased by doping the diamond and 5 o/o dopedMgBz showed the more

ireversibility as compared to others samples. The current density decreased rapidly as

the applied field increased, the value of activation energy is also lower.

Khurram et al. l8l studied the e,nergy dissipation in Tlr-,eBa2c%ct4orzr (x
:0,0.25,0.5 and 0.75) superconductor in prese,nce of exte,mal magnetic fietd. With x
:0.25 carbon conte,nt, 1fos samFle has sfiong flux pinning ability. The higher carbon

content has poor grains morphology and has weak flur pinning ability. The resistive

transition bordering was fitted according to thermally activated flux flow (TAFF)

model. They used Arrhenius plot and take the regron close to T"(0) to determine the

activation mtrgy (Uo).

Zovaoti et al. l9l reported magnetoresistivity of @i,Pb)2SrzCus6, with the

addition of AlzOl nano-particles with 0 and 0.2 wt. o/o ratios. Magnetoresistivity and

5-\\;
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the e,nergy dissipation phenomenon were anallzed and compared by using the

thermally assisted flrur creep (TAFC) model. The effective Uo was enhanced with 0.2

wt. % addition of AlzOr nano-particles as compared to free one. Vortex phase

diagram showed characteristic of T, and To which was increased with the addition

AlzOrwith 0.2 wt.Yo.

vinu er al. ll0l investigated the resistivity of Bir.epb0.ssrz-rEuxcar.rcuz.rou,

(0.0S x <0.180) under the influence of magnetic field and temperature. The resistivity

showed a glassy behavior at high temperature and applied magnetic field in Eu doped

samples. The value of critical te,mperature T.was gradually increased up to x :0.180.

But the value of glass transition temperature T, and U"(T,B)) were found maximum

for x : 0.135. At high temperature and magnetic field the vortices lines were

effectively pinned. The scaling analysis was also valid for vortexJiquid system for
Eu-doped (Bi, Pb)-221 I samples.

Ghorbani et al. tl l] investigated the vortex in mixed state for
Bao.zzh.zsFezAsz (Bl(,l22), Ba(Feo.gsNio.os)zAsz (Bal.Ii-122) and

Ba(Feo.srCoo.os)zAsz @aCo-122) singls crystal having the critical termperatpres T" =
31.7 K, 18 K and 17.3 K respectively. The results showed that the vortex state is 3-D

at lower temperature than a characteristic temperature (T'). Vortex phase diagram was

obtained, which was based on the glass tansition temperature (T) and the upper

critical field II.z. It is also observed that non-magnetic K doping causes a high glass

line close to the H62,'while the magnetic doping of Ni and Co result a low glass line,

which was far away from H.z. They zuggested that non-magnetic induced disorder

was more favorable for the improveme,nt ofpinning sfrength as compared to magnetic

induced disorder. They also showed that the pinning potential was resporulible for

differe,nce in glassy states.

Awad et al. U2) investigated the magnetoresistivity of superconductor

TlBazcaz-*sc,cuaog+ (x:0, 0.025,0.05, 0.1 and0.2); which was prepared by solid-

state reaction. The flrur motion had been investigated at low magnetic field on

electrical resistivity of samples. At high magnetic field there was a slightly change in
T" and fransition broadening AT. Arrhenius relation was used to calculate the pinning

e,lxergy Uo(B), it increased in x : 0.05 and decrreased for other concenfiations. The

magnetic field depe,ndent activation energy U"(B) followed the power law. The

ibl
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activation ernergy U"(B,T) was found as U(B,T) - AT B- a, where q : B + n.

Wiedemann-Franz law was used to calculate the elecfionic thermal conductivity r<".

Znan9 et al. ll3l slmthesized Al doped Bi-2212 bulk superconductor by using

spark plasma sintering (SPS). The particle size of Al nanoparticles was in 5-30 nm,

which work as effective pinning centers to increase the flux pinning ability of Bi-
2212. The influence of Al doping on microstructures, fiansport and superconducting

properties, include flux pinning properties have been investigated. With the doping of
Al nanoparticles in Bi-2212 bulks under applied magnetic field was improved by both

increase in activation energy and improve in flux pinning force. The activation energy

and flrx pining force enhanced after the doping of Al nanoparticles, which was

evidence for the e,lrhanceme,nt of pinning mechanism. This work provided a path to

intoduce the flrur pinning ce,lrters fiBi-2212 system to increase its current capacity.

Sharma et al.ll4) investigated the maeFetoresistivity of Bi2Sr2CaCuzOs+o and

calculated the tansition width by this relation T.*o - T.*o. The critical temperature

T. (0) was e,lrhanced from 32Kto 82 K by increasing the sintering temperature which

improved the grain morphology. The resistive fransition broade,ning AT was increased

by decreasing the sintering temperature and T"*ddidn't affect the grain morphology.

Activation e,lrergy (U") and AT was also analped in the presence of magnetic field,

which was explained by TAIIF model and it was found that magnetic field

dependence activation energy obey the power law. It clearly observed that the gain

morphology (flux pinning) played a vital role in the TAIF resistive broadening. For

feasible application, HTS Bi-2212 compounds were needed to synthesize at their

melting point, to ob.rin the better inter-grain connectivity.

Yinu et al.ll5l was investigated, the vortex glass resistivity in the mixed sate

reglon by Ho doped (Bi,Pb)-2112 zuperconductor. Due to thermal fluctuations in

vortex, a large resistive hansition broadening was observed in applied magnetic field.

Activation energy U. (T,B) was calculated by vortex glass to liquid fiansition theory.

At high magnetic field and te,mperature the resistivity showed a glass behavior for x
:0.075, which was due to point defect created by doped Ho nanoparticles in (Bi, pb)-

2212 mattx. The value of Tg, Activation energy U.(T,B) and magnetic field
dependent activation energy U" (B) were founded maximum for x : 0.075, which

clearly showed that the flux lines were strongly pinned. The increase in

'3
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superconducting fransition temperature T., glass fiansition temperature T, and the

activation energy Uo (T,B) were due to doping of Ho in (Bi, pb)-2212 system, which

had scientific and technological significance to understand the behavior of vortex in

HTSC.

Nazarova et al. [6] analyzed the effect of external field on different

properties of pure and Ag doped zuperconductor FeSes.ea. It was observed that the

doping of Ag nanoparticles in FeSeo.qa suppressed the hexagonal phase formation and

sfrongly enhanced the grain connectivity. The superconducting fiansition temperature

T" and the upper critical field H.2 were increased; where as normal state resistivity

was reduced, which was comparable with the FeSe single crystals. The resistive

fransition broadening of pure and Ag doped in FeSeo.g+ was analyzed by using the

TAIIF model. The activation exrergy Uo calculated by TAIIF model was related to

sharp superconducting fiansition of Ag doped FeSee.ea. It was also observed that Ag

doping improve the magnetoresistance and upper critical field H"z. The magnetic field

depe,nde,nt activation energy u" (tt) showed the collective creep pinning behavior

with increasing magnetic field.

Yildirim et al. U7l investigated the anisotropic behavior of Bi-2212

superconductor thin fitn under the extemal magnetic field. The magnetoresistivity

versus temperature curyes wsre used to deduce the transition temperature (T"),

irreversibility fietd (fr"H-) and upper critical field (Itz). The activation energ-y Uo was

calculated by using the thermally activated flux flow (TAFF) model. It was observed

that when the magnetic field was perpendicular to c-axis the value of T. sffied from

76.4 K to 39.1 K; similarly whe,n applied magnetic field was parallel to c-axis the T"

reduced to 28.8 K. Furthermore the values of activation energy Uo were decreased

with increasing the magnetic fiel4 the smallest value of Uo was obtained when the

applied field was parallel to c-axis. The values of FJII, and pfi[r2 were found to be

decreased with the increasing the applied magnetic field. The values of coherence

lengths (0 and penetration depths (r) infered from Ffit, (0) and F6Hs2 (0) were

found to be increased when the applied magnetic field was parallel to c-axis.

Dadras et al. llSl investigated the effect of (CNTs) on crystal stnrcture and

superconducting properties of (Y-123) compound. I-V measurements in presence of
magnetic field were used to analyze the pinning energy Ui aod critical cure,nt densrty

r!],
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J., as a fimction of applied magnetic field at fixed temperature. The addition of CNTs

didn't change the superconducting tansition temperature T. it remainedgl-92IC The

addition of CNTs contents up to 0.7 wt. % e,nhanced both the pinning energf Ut and

the critical current densrty J., while the Jc was ten times greater in 0.7 wt. o/oCNT than

pure sample. The SEM images showed that the doping of CNT enhanced the electrical

conductivity betwee,n the grains as a rezult fo was increased.

Litt et al. ll9l investigated the resistive fiansition broadening along c-a:ris in
Lar.e-"N6.+*SrxCuOa epitaxial films (x : 0.1, 0.12, O.l4 and 0.16) under the influence

of applied magnetic field. For H[c, the field dependent activation e,nergy was based on

power law i.e., {U"GD o tf" (c-1)). For Hlc, the flux pinning ce,lrte,ls were formed as

a result of dislocations and grain boundary. It was also observed that in-plane or tails

of resistivity below mean field transition temperature T.(H) was based on Arrheirius

tlpe thermally activated flrx flow (IAFF) model. For Hrc, a logarithmic depe,ndence

of activation elrergy was anallzed due to intrinsic pinning in high To superconductors,

which played a vital role to determine the behavior of the plastic creqp.

=b9
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Chapter 3 : Synthesis and Characte t'tzation Techniques

3.1 Nanoparticles synthesis

Nanoparticles have been sylrthesized by two different approaches. One is the

physical (top down approach) and other is che,mical (bottom up approach). In physical

method, bulk materials are reduced, subtact or subdivide 1s sltain nanoparticles in

huge amount but with the distribution of broad size of obtaining nanoparticles. In
chemical method atoms, ions or molecules are nucleating each other to get required

nanoparticles, whose size can be confiolled according to the desire. The advantage of
chemical method is that the particles of the same size and che,mical composition can

be reproduced [1]. The systematic diagram of two approaches is shown in Fig. 3.1.

Fig. 3.1: Systematic diagram of physical and chemical methods for nanoparticles synthesis.

3.1.1 Ag nanoparficles synthesis

We used Sol gel method to slmthesize Ag nanoparticles. For this pulpose, we

make the solution of silver nitrate and citric acid separately with distilled water. Then

F,!!r
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stirrered the mixture of two solutions and maintained the pH up to 5 with drop by

drop addition of ammonia. The schematic diagram of preparation of Ag nanoparticles

is shown in Fig. 3.2.
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fig. 32: Flow chart of Ag nanoprticle synthesis.

After adjusting pH at 5, we start heating at TO'C with constant stirring. The

solution is converted into gel after 15 minutes. We stop stirring and placed the gel into

ove,n at I l0"C for 12 hours for drying gel. We ground the dry gel to get fine powder

and annealed at 600oc for 4 honrs. After grnding and annealing, wo got Ag
nanoparticles.-s.s-

Sf*ripg nt filt dil gfl i*ffimicd
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3.1.2 Synthesis of CuosBazCazCurols{ precursor

The slmthesis of CuTl-1223 (Cur-rTlrB azCazCutOlea) zuperconductor matrix

was done by solid state reaction. First of all we took three ssmpounds CudCN)z.HzO,

Ca(NO3)2 and Ba(NO3)2 in appropriate ratios. First of all, we mixed these compounds

and ground for two hours in agate mortar and pestle. The,lr we loaded in quarE boats

and placed in firnace for 12 hours at 860oC. After 12 hours, we switched off the

ftrrnace and wait until the firnace reached at room temperattue. The sample was

ground for two hours esain and loaded in ceramic boats for heating at 860oC in order

to get the final precursor. The schematic chart for symthesis of Cuo.sBazCazCuroro+

precursor is shown in Fig. 3.3.
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F'ig. 33: Sche,matic flow chart of synthasis of Cus.Ba2Ca2CgO1s,5 preoursor.
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3.1.3 Synthesis of (fu) J CuTl-1223 nanoparficles superconductor composite

we spthesized the Ag nanoparticles and Cuo.sBazCazCugols-E precursor

separately. Then we mixed Thallium oxide TIzOr and Ag nanoparticles with different

conceirfrations (x : 0, 0.5, 1.0, 1.5, 2.0 and 4.0 wt. %) n precusor material. we
ground this material for two hours, and pelletized with help of hydraulic press, and

then placed the pellets in the gold capsules and sintered at 860oC for I0 minutes one

by one. By using this proce&re, we s5mthesized the Ag/CuTl-1223 nanoparticles

superconductor composite.

Fig. 3.4: Sche'matic diagram of (Ag)r/CuTl-1223 nanoparticles superconductor composite.

,p

_rt

\'

Mixing in quutzrnortarandpestle h applopriate ratios

Pellotized ard wrapped in a gold capsule

31



-l

Chaoter 3 : Spthesis and Characterization Techniques

3.2 Char acterizttion Techniques

We characterized the sample by using the follovdng techniques;

3.2.1 X-rays diffraction Q(RD)

In crystals, atoms are arranged periodically in regular pattern. These atoms

arranged with large number of series in form of parallel planes. By finding distances

between atoms and distances between planes, we are able to know about crystal

strucfure, cell parameters of unit cell, crystal stnrcture, stnrctural defects and

concelrtration of impurity ofthe crystals.

X-rays have very short wavelength, so they have property to penefiate into

material and dififract form the atoms of material. The commonly used as target

element in X-ray tube for production of x-rays is copper and the wavelength of these

rays is about 1.54 A. When ax'i,;zly having wavelength l, strike on the solid, x-ray

dif&act from atoms of crystal with angls 0 and then detect by detector [2]. The

diffraction patterr is explained on the basis of Bragg,s Law.

3.2.1.1 Basic principle

When beam of X-ray incidetrt on the crystal and strikes the atoms. It will force

the electrons to oscillate as shown in Fig. 3.6. The freque,ncy of the oscillating

elecfrons and incident beam freque,ncy will be identical. In some directions there will
be destructive interference which shows 1fos ss6lining rays are out of phase.

Contrary to this there will be constructive interference in few directions due to regular

and periodic arrangement of atoms. This is due to rays which are in-phase and it has

siEnificant impact on the sample. The phe,nomenon of constuctive interference by

XRD can be explained by Bragg's Law [3]. The basic working mechanism of XRD is

shown in Fig. 3.5.
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Fig.3.5: Working mechanism ofXRD.

3.2,1.2 Bragg's law

W. L. Bragg and W. H. Bragg was derived the Bragg's Law n 1912. When

the wavele,ngth of the x-rays is smaller than the lattice constan! then the x-rays

diffiact and the direction of diftacted rays differe,lrt from the direction of incident

rays. Diffiaction occurs only when Bragg's Law condition satisfied for constnrctive

interfere,nce.

Consider parallel planes with interspaced distance d. Whe,n x-rays fall on the

planes, 2dslrne is the path difference for reflected rays. The g measured form the

plane. Constnrctive interference obtained when the path differernce is an integral

numberm of wavelength I, so equation is [4];

m),:2dsin0 ....3.1

This is the Bragg's Law. This law satisfied if the wavelength is 2<2d .

Indrieutnfrdon Rollecilql rrdlrtion

@---*.-@-..--.-.@-----?.i*-*---@
Ilrumlficd rrdlrtlon

Fig. 3.6: Diftaction of X-rays from crystal planes and illustation of Bragg's Law.
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3.2.1.3 Powdered diffraction method

In powdered diftaction method; the powder form of sample is exposed to X-rays.

The parameter wavelength '1,' or incide,nts rays remain same while the values of
angls '0' change constantly. Mosfly superconductors fie characteraed by using

powered diftaction method. This method also hetp us to determine the different

parameters like interplaner spacing, lattice parameters and diftaction angles.

3.2,1.4 X-rays diffractometer instrument

The main parts of X-rays diffiactometer is given below;

This is the source of X-rays. By using differe,nt metal, it generates the

X-rays.

This part manage the rotation of the counter on which sample is

placed.

ECP electronically detect and count the X-rays [5].

3.2.1.5 XRD Applications

XRD has many applications in material sciences. The most important applications

are

I. Atomic arrangement can be determined by )RD
tr. Average spacing between two spaces can be measured

E

IE

Flg. 3.7: Iabeled diagram of X-ray diftactometer.
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III. Crystrlline phases can be determined by )(RD

ry. Integrated intensities can be obtainedbyXRD

V. Crystal structure of rrnknowtr mat€rial can be measured

3.2.2 Scanning electron microscope (SEM)

This is the tlpe of electron microscope. [f ssans over the surface area of the

material and then image formed of that material. Its working is similar to light

mictoscope but the differe,nce is that in Ught microscope beam of photons is used

while in SEM beam of elecfion is used. SEM has higher resolution as compared to

other microscopes. In SEM, an additional technique equipping the x-ray e,lrergy

dispersive spectrometer (EDS) is use through which we obtain the che,mical

information of the specimen [6]. The labeled diagram of SEM is shown in Fig.3.g.

fltg. 3.E: I"abeled diagram of scanning electron microscope (SEM).

3.2.2.1 Components of SEM

Electron gun is at the very top or the very bottom of the colgmn which
provides the inte,lrse beam of electons. These beams of electron achieve from two

tlpe of elechon gun.
,E
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I

l

i-:

Thermionic Gun Thermal e,nergy provides to the filame,nt (usually used

tungsten which has a high melting point) the,n elechons emitted from the

filament and move towards the specimen.

Field Emission Gun: In this elecfion gun, field is used to eject the elecffons

from the atoms. This gun is more advanced than thermionic gun.

These lenses have same firnction in SEM as in optical microscope. These

lenses are used to form clear and detail images. In SEM, lenses are made of magnets

and commonly known as conde,nser le,nses. These condenser lenses demagni$ the

electron beam in order to focus the beam on the target. Another condsnser lens is

known as objective lens, which is responsible for the size of elecfion beam that sfiike

on the surface of the sample.

Electron beam ssanning 1fos sample with a regular manner so, image is formed.

The t'me interval fs1 ssanning is so short that we obtained the full image within

seconds. To deflect or push the electron beam, scanning coils are used.

In sample chamber, place the sample which we want to examine. To form the

clear image, sample must be in exfremely still position, so sample chamber should be

insulated from vibrations. SEM is very sensitive that's why usually SEM placed on

ground floor of building. gample chamber also change the angts of the sample.

Detector plays role in SEM as eye in human being. When the electon beam strike on

the specimen, the electrons carry information and then detector detect these electons.

Secondary electons are detected by Everhart-Thorny detector. These detectors

produce detailed images. The composition of the sample finds through the x-ray

detector and BSE detectors 16,71.
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Fig. 3.9: Schematic diagam of scaoning electon microscope.

3.23 Resistivity measurements by f,'our-probe method

Conve,lrtionally to measure the resistivity of a superconductor, four-probe

method is used and through which we can easily find out the critical tempe,rature

T"(R:0). For a conducting material the sources of re.sistivity are interactions among

electons, atomic vibrations and scattering of electrons caused by defects present in

lattices [8].

In Four-probe method all four probes are connected to the surface of rectangular bar

shaped sample with help of low rqsistance contacts. Normally Ohm's law is used for
resistivity measureme,lrts is;

I

I

l.-v

S
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Here V is applied potential and I is curre,nt flowing through the sample. The resistance

ofthe sample also depends upon its geometry.

Rn L ........3.3
A

The resistance R is directlyproportional to length 1sf sample and inversely

proportional to area A of sample.

R= pL ..........3.4,A
Here p is the resistivity and it the intrinsic property of a material.

So,

_A T/ Ap= RZ=77 ........3.s

The source of constant current is used to apply the current across the outer probes to

pass the curre, rt through sampl€ and middle probes are used to measured voltage

difference between two points. We have applied a current of few milli amperes such

as I or 2 mA during measuring process. For temperature depende,lrt part of resistivity

liquid niroge,n is used which act as cryostat. During measurements of resistivity,

temperature is varied from 77 K to room te,mperature I K/min to 3 lVmin heat is

applied during measurement process t9] and four point probe apparatus is shown in

Fig.3.l0.

'\.

G

lET-rip o I
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Fig.3.10: I-abeled diagram of fourpointprobe apparatus (R-T measurements).
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Chapter 4 Results and Discussion

Chapter 4: Results and Discussion

4.1 X-Ray diffraction analysis

Crystal stnrcture and phase purity of (Ag),/CuTl-1223 nanoparticles

superconductor composites are aralyzed by X-ray diffiaction C)(RD) lsshnique. The

xRD spectra of (Ag),/cuTt-1223 (x : 0, 2 and 4 wt. o/o) arc shown in Fig 4.1.

Majority of observed peaks are indexed on the basis of tefiagonal stnrcture of CuTl-

1223 (space group: P4lmmm). The cell parameters (a and c) are determined by Check

cell software and incubated that after the addition of Ag nanoparticles, the crystal

stnrcture and stoichiometery of (Ag),/CuTl-1223 composites are not much affected.

The small variations in these cell parameters are due to sfiesses or strains and little bit
distortions have bee,n produced after the addition of Ag nanoparticles in CuTl-1223

matrix.

20"
Fig. 4.1: XRD spectra of (Ag)lCuTl-1223) 

',anoparticles-superconductor composites with x = 0, 2
and,4wt.%o.

The slightly shift in diftaction peaks toward greater angle is observed, which may be

due to the sEesses or stains produced after the addition of Ag nanoparticles. The low
intensity un-indexed diftaction peaks in )(RD spectra represent the presence of other

superconducting phases like CuTl-1234, CrtTLl2l2 aad,some unknown impurities.
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4.2 Scanning electron microscopy (SEM)

The surface morphology and particle's distribution in zuperconductor matix is

studied by scanning electron microscopy (SEM) technique. The SEM images of

(Ag)r/CuTl-1223 nanoparticles-zuperconductor composites are shown in Fig. 4.2.1\e

gaps at inter-grain bonndaries are well prominent in pure CrLT'L'1223.

Eig. 42: gsanning electron microscopy (SHvf) of (Ag),/CuTl-1223 compositas with (a) x : 0, (b) x =
0.5 wt. To,(c)x= I wt. %,(d)x= zwl% and(e) x=4wt.%o.

The inter-grain connectivity of CuTl-1223 mafixis improvedby filling the voids and

pores with different conce,ntration of Ag nanoparticles. The small grains of

a.
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nanoparticles have been firsed together and grow in larger size with the help of

activation energy of reaction. The small size grains are also attached to the surface of

large size grains and the grains are well connected with each other through Ag

nanoparticles.

4.3 Resistive transition

The superconducting fiansition curves at differe,nt applied magnetic field (H:
0, 2, 4, 6 and 8 T) for (Ag),/CuTt-1223 (x: 0, 0.5, 1.0, 2.0 and 4.0 wt. %)

nanoparticles superconductor Gomposites are shown in Fig. 4.3. The resistive

transition widths are sensitive to apptied magnetic field and To*d is not much

affected by magnetic field as reported in high temperature superconductors HTSCs [1,

21. Whereas normal state resistivity po is reduced with the inclusion of Ag

nanoparticles as compared to pure CuTl-1223 composites. It is clear from the Fig. 4.3

that the zero resistivity critical tsmperature (T) is much affected by applied magnetic

field and showing a shift to considerably lower temperature as the applied magnetic

field increased. This behavior may attribute to the strong inter-grain pinning energy

and seized the vortexes motion near T. [3]. The value of critical temperature T" at H =

0 T systematically increased with increasing Ag nanoparticles contents and it is found

maximnm at 101.76 K for x = 2.0 wt. yo. The resistive transition in CuTl-1223 is

stongly influe,nced by flux dynamics. At low temperature the broadening in fransition

curve is related to thermally assisted flux flow (TAFF) in magnetic field. The insets of

Fig. 4.3 the ln(p/p") versus l/T of resistivity are named as Arrhe,nius plots and the

activation e,nergies are estimated from the linear portion of these plots at low

te,mperafire.

"r=j
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4.4 Activation energy

The activation energy Uo (II, T) plays a vital role as potential e,nergy barrier to

keep the magnetic flux in pinning centers and calculated from the Arrhenius plot.

Arrhenius law is used to desqribe the curr€nt independent resistivity in thermally

assisted flrur flow regime 14,51.

p= pog(4"tkf)

€_

..4.1

Where po is normal state resistivity, U" is activation energy and kn is Boltzman's

constant. The activation energy calculated is shown in Fig. 4.4 md also listed in Table

4.1. It is clearly seen that the activation en€rry decreases dramatically with the

inqrease in applied magnetic field. The activation €Nrergy is also depende,nt on the Ag

nanoparticles conte,nts and it is found optimized for x : 2 wt, Yo. The energy

dissipation is due to thermal activation of flux across the pinning barriers.

2345678
H(T)

Ftg. 4.4: Activation energf yercur Epplied magnetic field plot of (Ag),/CuTl-1223 nanoparticles-

zuperconductor composites (x = 0, 0.5, 1.0, 2.0 and x:4.0 wt. %).

i-'

-o-x=0
-o-x=0.5wt.%
-o- x=1.owt.%

-o- X=2.OWt.o/o

-.- x=4.0w1.o/o
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€

Table 4.1: The magnetic field dependent activation enerry U.(II) is calculated from

Arrheirius plots.

Eff) 0 0.5 wt % LA vt i/o Z.OwLa/o 4.0 wt %
2 302 1739 2000 2015 1928

4 209 921 1038 1 158 I 106

6 149 631 681 788 775

I ll0 361 432 638 456

4.5 Upper critical field lr"z and irreversibility fietd H6
In high temperature superconductors HTSCs the upper critical field Hrz is

important quantity and it gives the direct information about microscopic parameters

fike superconducting coherence length (, disorders and their anisofiopic properties

within superconducting state [6, T.la HTSCs the upper critical field H.z is mainly

determined from resistive fiansition curves [8, 9]. Some researcher used 90% and 10

%o of normal state resistivity m to estimate the value of upper critical field ltz and

irreversibility field H;, [10-12]. The normal state resistivity m is determined by

linearly extapolating the normal state behavior above onset of superconductivity. The

temperafire depe,ndence of upper critical field determined from the resistivity

measnrement at l0%o,50Yo and90% of normal state resistivity po are shown in Fig.

4.5. The upper critical field Hrz of composites is increased with increasing the Ag

nanoparticles conte,nts and formd maximum for x: 2.0 wt. %. A higher value of H.2

corresponds to sfronger flux pinning pote,ntial, which indicates the stabilization of flux

lines.
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l_
_NP

The zero temperature upper critical field Hrz(0) is also calculated by using the

Werthmer-Helfand-Hohenberg (WruD formula I I 3] :

H",(o)=4.6s3q1#),* .4.2

ff ilope values was estimated from magnetic field versus temperature gaph and

correspond to x = 0, 0.5, 1.0,2.0 and 4.0 wt % the founded values are -0.20, -0.191, -

0.196, -0.235 and -0.193 respectively. Using the values of T", the values of H.2101 =

10.14, 12.66, 13.48, 16.61 and 12.07 for x : 0, 0.5, 1.0, 2.0 and 4.0 wt. %

respectively.

In order to approximate the superconducting parameters, Ginzburg-Iandau

(GL) formula is used to calculate the cohere,nce length 6(0) at T: 0K [1a] :

€(o)= .4.3

Where (Do:2.07x1O7 Oecm2 and II"z(0) is the upper critical field at T : 0 K. The

graph of t(0) and Ho(0) is shoum in Fig. 4.6 andthe value of T,, slope of slop "#
H"r(0) and ((0) are grven nTable4.2.

0.0 0.5 t.0 2,o 4.0
Ag nanopartlclee content

Fig. 4.6: Variations of II"z(0) and E(0) with Ag nanoparticles oontents.
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Table 4.2: Measred zuperconducting parameterc for (Ag)./CuTl-1223 nanoparticles-

superconductor composites.

_$

r,1ffiAg'WW
hrribp*rficle*\i' Q*glent'+'

t.>/r"i. O ",1.\'* 73.23 -0.20 10.14 0.570

95.69 -0.191 12.66 0.510

98.73 -0.196 13.48 0.494

101.76 -0.23s 16.61 0.M5

91.23 -0.193 t2.07 0.522

g

\/
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Conclusions

We studied the vortex dpamics in AgJCuTl-|22j nanoparticles-

superconductor composites (x : 0, 0.5, 1.0, 2.0 afi,4.0 wt. %) n presence of

magnetic field up to 8 T. The structural investigation revealed that Ag nanoparticles

were not incorporated into unit cell of CuTl-122j mat:rx. The magnetic field impact

was more pronouxced at lower temperatue values as a result decreased in the critical

temperature (T") with increasing the field was observed. The temFerature dependent

infield dc-resistivity had been explained by thermally activated flrx flow (TAAF)

model. In conclusion, the superconducting critical temperature T., activation energy

U" and upper critical field H.z were optrmized for x:2 wt. %o.
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