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ABSTRACT

Metalkic {(i.e. Cu, Ag and Av) ranpparticles (MNPs) were synthesized by sol-gel method
and (CuTl)ysCaBaCu015 (CuT11223) superconducting phase was synthesized by solid-sate
reaction method. Different wt. % of these MNPs were added in CuT]-1223 superconducting
phase o obtain (D)ACUTD-1223; (x = 0 ~ 4 wt.% and D = Cy, Ag and AU} mnoparticles-
superconducting composites and their physical properties were mvestigated. X-rays diffraction
(XRD), scanning electron miceoscopy (SEM) and X-rays dispersive spectroscopy (EDX) were
uiilized for structural morphological and compositioml anmelysis of these composites.
Supercorducting transport properties were investigated by resistivity versus temperature (R-T)
measurements with the help of Physical Property Measurement System (PPMS). The rok of
these MINPs on flux pinning strength in (CuTil)- 1223 superconducting phase was investigated by
thermally activated flux flow (TAFF) model, The broadening of superconducting transition
regions in R-T curves was decreased with the inchision of these MNPs i (CuTl)-1223
superconducting matrix, which was increased with the increase of applied magnetic field due to
TAFF. Activation energy (Us) was increased with the inclusion of these MNPs 1p to certain
optimum level in (CuT1)-1223 superconductor, indicating strong flux pinning abilities of these
MNPs. Trausition widihs (AT) were suppressed by inclusion of these MNPs in (CuTl)}-1223
superconducting metrix, while it was increased with the increase of external applied magnetic
field. The reduction in AT and enhancement in U, demonsirated the enhancement in flux pinning
ability of CuTk1223 superconducting phase with the inclusion of MNPs. The broadening in AT
with axternal applied magnetic ficld obeyed the power law (AT= AT+CH"). The value of upper
critical magpetic field {(Hy) of (CuTT)-1223 soperconducior was enbanced with (he inclusion of
MNPs up to soree optimum level, which was suppressed with external applied magnetic field.
The zero resistivity critical temperatwre (T,), inficld critical current demsity (Jo) were increased
and normal state resistivity p (Q-cm) was decreased with the inclusion of MNPs in (CuT1)}-1223
syperconducting phase. Over all superconducting properties of (CuTl)-1223 superconducting
phase were improved due to enhanced inter-grain connectivity by filling up the pores and voids
wih the inclsion of these MNPs. The superconducting transport properties were enhanced due
to enhanced mobility of camriers with improved inter- gram connections. These supercondncting
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two-fluid mode] total number density (n,) is n, = n; + g, Where n;, ny represent the number
density of superconductor and normai electron respectively. Equation of motion for super-fluid

ekctron is

and current density 8

5 Lo 4

Equation (1.19) and (1.20) yield

@, _nek (1.21)
dt m

Equation (1.21) is called London first equation. Taking curl of equation{1.21)

v x[£)= e (curlE)
dt m

By using Max-well equation, above equation can be written as

[df,.) ne' (BB]
Vx| —=2|=—=2—) —
dt m \ ot

Integrating abo ve equation yield

i
ves=-REB (1.22)
m

Equation (1.22) is known as London 2™ equation. By using Max-well equation, Meissner effeot
can be dravn from London 2™ equation

By getting curlofabove equation yield

16
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R (1.26)

Free energy density of a homogenous superconductor without applied external magnetic field
near critical temperature is given by
2

F =f-;+a|~P|‘+ﬁ|~¥|“+ L (Cinv - 2ed) +ﬂ --------------- (1.27)
2 2m 2

]

where F' and F,, are fiee energies in superconducting state without applied magnetic field and in
normal state condwctor respectively, whereas ¢ and [ are phenomenobgical expansion
coefficients, which are characteristic of materfals. Here A, m, ¢ and B are vector potenial,
effective mass, charge on electron and applied magwetic field, respectively. Let us find value of

|‘I’|2 , for which the free energy of homogencous siperconductor, the F has minimum value. This

value {‘PF is solation of equation (1.27) by taking its derivative; ie.,

dF’ 1«
=0 and W[ =-fm (128
dlef == 0

By puiting equation (1.28) into equation (1.27), one gets difference in epergy

Free energy in case o fapplied magnetic field is

F-r =t
" 87

By comparing above both equations one gefs a new equation

2
H, =_4fz? o (1.30)

It is cleared from equation {(1.28) thate=0atT=T,ande <0 at T < T,.

19
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Equation (1.29) indicates that coefficient p is positive and ako independent of temperature.
Indeed as follows by an equation (1.28), at T <T, with a < 0, l‘{"[2 can be positive only if f > 0.
On the other hand if T >T, with a, P are positive then energy F/ reaches its minimum values
|‘I-‘|2 =0, This means that there is mo superconducting state at T >T,, Thus we have > 0 both at
T<T;and T>T.,.

1.7 BCS theory of superconductors

Superconductivity is phenomenon up to transition temperature of ~ 10" K in which large number
of conduction electrons takes part. There are two major drawbacks in phenomenon of
superconductivity. Firstly conduction elctrons behave as fermions and follow Fermi-Dirac
distributions with two electrons cannot occupy same epergy and quantum states. Secondly these
glectrons observe Coulomb repukive force due to their same nature, and therefore cannot
combine with each other due to this repulsive force, The dea of attractive force between these
electrons with lattice malformation was given first time in 1950 by Frohlich [45]. It was argued
by Frohlich that new supercondwiing state developed by electron-phonon interaction with
absorption and emission of these pbonons, thus behaving as Bosons and fyrms a bound pair
which obeys Bose-Einstein distrbutibus. Later, sotopes efféct was observed in many
superconductors via conformation of these electron-phonon interactions [46, 47]. J. Bardeen, L.
Cooper and J. R. Schrieffer in1 957 published a theory (known as BCS theory, pair produced are
called cooper pair) by using key dea and arpument of Frohlich {48, 49]. If an elcton is
considered passing throngh 2-D lattice, distorts the lattice by amtracting positive ion and the
lattice distortion produced by moving electron inshown in Fig. 1.14.

where wp = Debye frequency and d is observed to be 100-1000 nm.
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where V is called electron-phonon interaction parameter, kg Boltzmann constart. h is plank
constant, @ angular frequency and N, i the density states of electron. Above equation indicates
that phonon frequency hio i proportional to ¢ritical temperature. It is also cleared from above
equation that trapsition temperature s strongly dependent on electron concenirations, so one can
conclude that by alloying or applying pressure tramsition temperatire may change. BCS theory
also predicted relation between energy gap and critical temperature [51]

24=35K,T ———————mmmmm— (1.34)

The relationship between temperature and energy gap close to critical temperature (T.) is given
by

E
2A=32K, T 1-— | ———mmmm e (1.35)

1.8 Different groups of superconductors

Superconductors are categorized into various groups oa principle of their variegated properties
and crystal structures. More than seven thousands supercomducting materials have been
discovered [42]. These maierials can ako be differentiated into ¢ertain categories based on
mechanism of superconductivity. Mechanism in these different superconducting materizls is
different. So these materials are divided into three major types depending on superconductivicy
mechanism [52]). These materials are in form of bw dimensional magnetic materials, some
metals and their alloys as weil as low dimemsional non- magnetic omterials. Solid materials show
process of superconductivity when these materials are in the form of poly-crystalline ceramic,
single crystal and in thin film. Some materials show mechansm of superconductivity at high
pressure when they are #ritated. Superconducting state is observed in some unconventional
superconductors when they are subjected to applied magnetic field.

1.8.1 First group of superconducting mmterials

First group of superconducting materials & explined completely on BCS theory. This group

includes chssical, conventional, non-magnetic elemental superconducting materals and their
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alloys [42]. Majority of these materiaks are type-I superconductors and their critical temperature
cannot exceed 10 K. First group of superconducting materials is mot desirable for practical
application due to bow T; and critical magpet fields (42]. Cesium, chromium, lithium, silicon atc
are sorne examples of first group of superconducting materials. Their superconducting properties
and critical temperatures can be enhanced by manufacturing them in the form of films.

1.8.2 Second group of superconducting materials

Second group of superconducting materiak can be characterized with help of two
superconducting sub-systems interactions. Some materials can be described and some materiaks
cannot be described on BCS theory. So, half of these materials are called half in-conventional
and altermtively half of them are known as conventional siperconductors [42]. This group
involves low dimensional and non-magretic materials. These compounds are type-II
superconducting materials and their critical temperature cannot exceed to 40 K and critical
magnetic felds canoot exceed to 10 T. Some materials of this group are suitable for practical
applications. A-15 superconductors, Metal oxide superconductors, MgB;, Binary compounds
(Nitrides, carbides and laves phases) and semiconductors are members o fthis group.

1.3.3 Third group of supe rconducting materials

Materiak in this group are called unconventbnal superconductors and include ow dimensionai
and magnetic materiak, This group of materiak has very short coherence length, very large
peretration depth and large upper critical magoetic fields [42]. Superconductivity can be
explained on mechanism of electron-phonon interaction and this interaction is considered non
linear and strong, Materials in this group are normally called high temperature superconductors.
These materials are used at large scale in different field of practical applications. Chevrel phase
superconductors and copper oxides supercoductors (LSCO, NCCO, Bsmuth based and YBCO)
are members of third group of superconductors.

1.9 High temperature superconducting cuprates

Superconducting materials with T. larger than 30 K are termed as high temperature

superconductors (HTSCs). Lanthanum based oxide compound with critical temperature of 3¢ K

was first discovered in IBM, Zurich research laboratory by Bednorz and Mulier [53] in 1986.

Critical temperature of (Lag 35Bag,15)Cu04.5 superconducting compound was raised from 36 K to

40 K with 13 K bar pressure by Chu et al [54] and obtained T. from 36.5 K to 38.5 K by
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replcing smaller ion stontinm with Lanthanum by Cava et al. [$5], immediately afier discovery
of first HTSC. Now large number of different families with oxides and copper (Cu-Q hyers)
called cuprates with T; greater than boiling point of liguid nitrogen (77 K) has been discovered.

Critical temperature (T.) of these HISCs families with double CuD; lryer per unit cell is always
greater than single CuO2 Byer and so on These HTSCs are in fHrm of perovekite structure [56],

bave large number of stuctural phase tramsitions and coberence length much larger than
penstration depth. Superconductivity is taken place in copper oxide phnes and these cooper
oxides plabes mminly affect critical temperature of materiak. CuQs hyers in cuprates have
tetragonal struture and each cooper ion is atiached with fur O jons and detached with length of
1.9 A [42).

Chemical formula for high temperature superconductors & much lengthy and difficult, so their
struchues are represemed by four digits schemes. First digit & wsed for representation of
insulting layer among neighboring conducting blocks. Second digit s used for spacing layer
between copper oxides blocks. Nurdber of CuD» byer inside of conducting blocks is represenied
by third digit and Cu0; layer within conducting blcks & depicled by fourth integer [57]. HTSCs
have superconducting as well as charging blocks and superconducting block & separated by two
charge blocks. Cu0; is comsidered as common elements in these HFSCs [58-60]. HTSCs have
highest T, at optimum level doe to its stable structure and are decreased in over-doped and
under-doped regions [61, 62].

1.10 Major families of cuprates based HTSCs

More than hundred Bimilies of high lemperature superconductors are well known wday. CuOs
planes are essential part of these familics and also responsible $r supercominctivity in these
HTSCs. Charge carriers flow through these conduction plnes in normal state as well as
superconducting states in them. The copper oxide planes are sandwiched anwng multilayer of
TIO, L0, 810 and BaO, which are comidered of insulating nature and are med for charge
reutrality and crystal structure stabilizations [63]. Lanthanum, Yitrium, Bisnuth, Mercury,
Thallivm amd Copper thallium based superconductors are mejor fumilies of high temperature
supercondnctors. Some of above liguid nitrogen boiling point high temperatare supercond i tors
along with thei critical temperatures are given in Table 1.4
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Table 1.4: Some of high temperature superconducting families with critical temperature greater
than boiling point of liquid nitrogen [64- 83].

Family T, | Family T. | Family T.
{K) (K) K}
YBa;Cu; 055 93 | LaBa,CuyOr 98 | BCagaSroslag,CuOy.s 80
EuBa,Cu, 0, 83 | Bij 1Py 38r,Ca;Cu3 0y 116 | Bi14Sry 17C250C0 055 23
GdBa,Cu; 045 94 | B8y CaCu, 0y 87 TiBa,;Cu, 0O, 110
NdBa,Cuy0O-; 96 | THCwO4:5 93 | T,Ba,Cuy, O;.s 93
By sPbgsSry7:Ca;Cus0 05 111 | Bi;,Sr;C255Cuz 0.5 84 | ThBayCuyOyos 128
ThsPbys Sr;CaCuOy 122 | T, ;Bas Ca,05Citz 2045 108 | ThBay,CuOys; 114
Th 1 Ba;Ca, yCusOq 9 110 | TIBa,Ca;CuD)y5 114 | T 44Ba,Ca, g7Cu; 11005 125
Hgp s T, 3Ba,Ca; Cuy Oy 138 | HpBa,CaCu,Os.; 123 | HgBa,CuOy.; 93
HgBa,Ca,Cs01z.5 110 | HgBa,Ca,Cuy04.5 135 | AlSr,Ca;Cuay) 110
PbSr;Ca:Cu, G, 122 | GaSr,CaCu0y, 107 | BSr;Ca,Cu 0y 110
Crys T sBa:Ca:Cu Oy 126 | CuBa;Ca;Cua0y. 5 117 | CigsThsBa;CaCini0y; 132
CuysCy sBa;Ca; Co, Oy 5 117 | HgB2,CayCyOyy 126 | HeBa,Ca;CiOh.s 107

1.11 Crystal structure and physical properties of HTSCs

Copper oxide superconductor with perovskite structure having critical temperatre of above 39 K
was discovered in hate 1986, which revolutionized all future work [84]. The importance of this
structure was that it had superconducting and non-superconducting region. These classes of
superconductors have very short coherence length, flux creep affects and anisotropic physical
properties. Copper oxidation states and oxygen variations phy an important role in the structure,
critical temperatures and other properties of these HTSCs. There are mmny cuprate based
superconducting families with different critical termperature and other physical properties. First
high temperature superconducting family {LSCO) with two CuO; planes and critical temperature
of 90 K was synthesized under high pressure. YBayCuwzO7;5 with orthorhombic struchure having
critical temperature of 90 K was discovered. YBa;Cw(0r; structure was not stabke and
YBa;CuwyOg with 80 K critical temperature was stable tlwough high pressure [85]. Fig 1.17
prescnis the lyered structure along with bond length of La;CuO4 and YBa;Cu;O;. Shéng and
Hermann in 1988 discovered thallizm based HTSC with T. 090 K [86-88) and T, of 120 K in
this type of family was discovered later by other researchers [89]. Fig.1.18 presents the layer
diagram along with bornd length of Th BazCag.iCuyOma. Layered crysmal structure of B SrCa,.
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Fig,1.18: Layered crysial structure of ThBayCan. iCinOme 20d BbSnCap (CiigOza14 5 obtained
by replacing Ba with St and T1by Bi respectively {90, 91]

Thallinm based superconductors bave tetragonal strusture along with n Cu-O layers as well as
two TI-O hyers. The critical iemperatures of 30 110 and 125 K are obtained in case of Ti-based
superconductors with v= 1, 2 and 3, respectively, It was noiiced that critical temperature
enhanced with number of Cu-O. layer up to 3 and fund to decrease with further increase of Cu-
O hyer [91), Merury based high femperature smperconductors with empirial formula
HgBa;Cay. 1CuyOze0+5 having critical temperature of 94 K were discovered. Multi-phase Hg
based superconductors with = 1~ were discovered with T, around 130 K by Schilling et al
[92], and HgBa;Ca:Cw0s43 with T; of 135 K was synthesized, Hg-based superconductors have
temagonal structwe and their c-axis kngth increased with increase of Cu0; lyers. Critical
temperature increased with increass of pressure due to hole conductivify in these HTSCs. Hg-
1223 with T, =153 K with pressure of 150 Kbar by Chu et al was reported [93], Critical
wemperatures of Hg- (1201, 1212 and 1223) compounds were increased from 118 K, 154 K and
164 K, respectively with pressure 0f45 GPa and was observed by Gao et al, [94).
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Fig.1.19: Layered orystal structure of HgBayCay. jCvOsy+5 with different number () [91],
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and = 3), ie, CuTl1223 due 1o highest critical current density and critical temperature among
this CuT] family and can be prepared at ambient and high pressure [98]. The (CuT1)-1223
superconductor with iis unit cell and different atoms [99] is shown in Fig. 1.20. (CuTI)}-1223
family shows tetrsgomal structire with P4/mmim symmetry. Copper-oxide phnes connected with
Ba atoms are recognized by p-phnes and Cu-O lyer between p-ploes are recognized by s-
planss, Uswally p-planes are over-doped and s-planes are optimally doped [99]. Charge carriers
are trapsferred in these superconducting families from p-planes to s-planes. Barium atoms ako
play vitaldouble role in cuprates based superconductor ie:, for copper oxidation Ba behaves as
strong catalyst as well as promoter of layered structwe {100]. Barium is abo considered as
effective mgredient for tuning of oxygen contents and to increase hole carriers for optimal values
of critical temperatmes [101], Another important factor in HTSCs is number of Col); phnes in
copper oxide blocks, which plys vital role fr critical temmperature enhancement. Maximum
possble T, for different cuprates superconducting families is attained for three CuQ+» planes and
this bebaviour is shown by different families such as TF22(n-1)n {102-104], Bx22{n-1)n [1035,
106} and {Hg, TD)-22(n- 1)n [101]. Critical temperature is further decreased with mmber of CuQ>
layers greater than fowr. Lattice imperfections, voids, grio-boundaries and defects are behaved
as patwal pinning centers in HTSCs. In order to enhance supercomlucting properties and to
avoid thermal Rux in these superconductors, a hrge number of different techmiques are
introduced for artificial pinning centers,

1.13 Role of in-homogeneities in superconductivity

Condwction electrons are scattered by strwctural in-homogeneities, twinning planes, grain and
surface boundaries which affect the superconducting properties and ordered parameters [107].
Lopurity atoms and supercomductors have different electiomic sinkfure 50, their conduction
electrons interact with each other via Coulomb fbrce. There are two kinds of impurities, one is
static and other is dymamic impurities [108]. Magnetic impurities in conventional
superconductors give drastic effect while non-magnetic impurities give smell effect on T, and
both impurities have opposie effect in magnetic fluctuations. Conventional suvperconductors
have very large coherence length so irapurity effects on micro level and macro level are same.
However it i§ not true in case of cuprates superconduciors due to short coberence length In
cuprates superconductors at macroscopic level, magnetic and non-magoetic. in-homogeneities
bave similar effects [42]. The effect on T, by partial substitution of Zn, Ni and Fe f5r Cu was
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observed same except Zn substitution in YBCO, where T, was suppressed three times faster by
Zn substitution than Ni. The reason for suppression of T, was occupancy of Zn atoms by Cu sites
inCu0; plapes in which chain location and phase coherence were interpreted by Zn atoms [42].

Phonon and spin fluctuations are responsible for superconductivity in un-conventional
and cuprates superconductors. Local spin fluctuations do mot change so much by magnetic
impurity while it affects the paring greatly Non-magnetic impurities do not aler pairing so
much but affects locally the spin fluctuations. It was shown by tunneling measurements that Zn
impunities sitvated in CuQ; phnes created voids in it, which resulted the suppression in
superconducting state. Ni atoms in contrast to Zn have small effect on local environment so that
superconductivity is not interpreted so much by Ni atoms. Ln electron-doped NCCO or hole-
doped cuprates, non-magnetic Zn produces magnetic moments of 0.8 pg and does ot destroy
local antiferromagnetic comelations. In ekctron-dopped NCCO, magnetic Fe and Ni atoms
produce magnetic moments of 2.2 and 2 g respectively. In hole-doped cuprates both magnetic
atoms produce magnetic momeads 0of 4.9 and 0,6 pp respectively [42). Mean free path of charge
camiers is reduced by presence of differet types of in-homogeneities in superconducting
materials. Also mean distance of these electrons in cooper pair 8 decreased, which produce two
resulis in superconductors (i.e.) increase of penetration depth and decrease in coherence length
Ginzburg Landau parameter is increased by change of above parameters. So by the addition of
these umpurities or in-homogeneities, type-I superconductor is changed into type-II
superconductors [109].

1.14 Weak-links and grain-boundaries
When two superconducting regions are combined with each other so that the value of J; in

contact region is smaller than that of single component (region) of superconductor, & called
weak-link. These weak- links are known as grain-boundary junction or bi-crystal junctions. It was
predicted by Josephson in 1962 that this weak- link junction had new and unexpected properties
[110]. According to Josephson, this junction sustains supercurrent without voltage application.
When this junction is driven by external source, critical current is increased which produces high
frequency electromagnetic waves, A large number of defects are produced along lengthof grain-
boundaries by grain-boundaries forces in superconductors. The tramsport J. in sintered poly
crystalline HTSCs are observed low due to its granularity nature. Magnetization measurement

shows that values of I in individual grain are much greater than transport critical current
3









Chapter No, 1 —Basics ol sypercondvetivity and literature review

Similarities between grain-bourdaries in HTSCs and semiconductor metal interface (SMI) were
identified by Hilgenkanp and Maunnhart [117, L18]. Fig 1.22 {a, b) represents bond bending
space charge effects in case of SMI and grain-boundary in cuprates HTSCs. Fig 1.22 (a) shows
bond bending at mierface of p-type semiconductor with metal having bw work function Charge
carriers moves fom metal to semiconductors with excess of negatively charge ioms. Space
charge region enlarges with decrease of number of hoks in interfacial region and negligible
amount of cumrent enters from metal to semiconductor. Band bending effects can oceur in HTSCs
at grain-boundaries due to small carrier concentrations and large dielectric constant (¢ =10) and
grain-boundaries behaves as doubled Schottky barrier as shown in Fig.1.22 (b). Cuprates HTSCs
have Thormas-Fermi screening length (Arg), which lies between 0.5 to 1 nm [117]. Fig. 1.23
indicates graphical sketch between critical current demsity and hok comcentration for

Yo.7Cap3Ba2Cu13 095 superconductor.
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Fig.1.23: Graphical sketch between hole concemrations and J; of Yo 7Cag3Ba;CusOr.5 [118].

1.15 Vortex mechanism in HTSCs

Vortex is derived from Latin word vertex which means whirlpool [119]. Vortex mechanism is
studied in HTSCs when they are subjected o applied external magnetic fields, This mechanism
15 observed in mixed state superconductor ako called Shubnkov phase, where density of flux is
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149]. From linear portion’s slope of graph between In(p/p,) and 1/KaT, the field dependent
activation energy can be extracted [150, 151). Field dependent activation energy follows variows
power laws but it commonly abide by U, = pH ~¢ [152-155). Tramsition width (AT= T T,
(0)) can be wed Pbr estimation of pinming ability of swpercooductors in TAFF regime,
Suppression observed in pinning potential with enharcement in valoes of AT and vice versa. AT
ako obeys veriows power kaws like activation enargy and # is givenby [156, 157];

Here C i5 dependent on critical curent demity (Jo).

1.21 Various vortex phases

Abrikosov hitice is regulr triangular hntice which amange wvortices in mixed state through
repulsive forces. HTSCs have varibus types ofdisorder and defects due to is highly anisctropic
patwre. Fig. 1.30 represents various vortex phases in HTSCs, These voriex types ere produced
due to exchange of various energies such as vortex-vortex, thermal coupling and vortex pinming
energies respectively. The vortex httice or solid lattice & produced by vortex-vortex energy.
Thermal energy contributes in de-pinning the vortices and as a result vortex liquid appears. The
pancake vortices are Hrmed by coupling epergy and vortex pinning energy turns the vortex
lattice to vortex glass phase. The vortices are inirially split info two types, solid vortex state and
liquid vortex phase. The effect of disorder and thermal energy on Abrikosov lattice is shown
Fig.1.31 and 1.32. When weak random defects are imported in HTSCs in vortex ghss state and
long range httice transhational and rotational symmetry are destroyed. The vortex lattice phase &
ransferred to Bose ghss state by induction of 1-D columnar defects such as tracks generated by
heavy ion radiation or 2-D planar twin boundaries. Therial energy prevail the energy bamiers
due to vortex-vortex and vortex- pinning mterply, when tempemture is increased and as result
vortex solid diffases inio vortex hguid. Fluctuations are enhanced in HTSCs duve to small
coberence length, large anbotropy and temperature. In HTSCs, wortex liguid is considerd as
unique state as comparison to vortex solid in which mechanical properties are exphined with
shear viscosity inplace of shear modulus.
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where d = diameter of grain in meter, T is in A/n?, jAM B in tesh, The Eq.1.58 indicated high
field Bean model formula axd such an indirect method for J, measwrement nsing hysteresis bops
is widely used. In eleciromagnetic or cgs unit above equation reduces to

7 =208M mmmmm m e =(1.50)

d
where d = diameter of grain in cm, J; is measured in Acmi? and AM is measured in emu.

124 Nanostyucture insertion in HTSCs

Colossal values of Jo and Hy; are crucial parameters of HTSCs, which assemble them suitable for
practical purposes like permanent magnetic, energy storage articles and solenoids etc. It i
therefore essential to exalt flux pinning capabilities of HISCs with addition of APCs, The
consequence of APCs & colossal when size of panostructure i equal with £ of superconducfors,
so these textures may be wsefill tool as APCs, Profise researchers have explored the inclusion
effects of different (sizes and shapes) structures on physical properties (micro-structural,
superconducting, infiekd, mechanical and dielectric) propertics of HTSCs. Few fatutes of
various researchers’ work in this concern are extracted here.

Crystallization and connectivity between grains were found in order to improve properties by
increaging concentration of Ag nanoparticles in YB2;Cu;O7.5 suparconductor. The values of L
and J; were enhanced with increasing size of Ag NPs fill 700 nm and then HHund to decrease with
further increasing size of Ag NPs. The value of ] observed to be greater in higher concentration
sappks of Ag manoparticles than lower concerimtion of Ag mmoparticles in superconductor
[163]. The electrical and mechanical properties of CuTl-1223 supercondtuctor were investigated
by inclusion of Ag nenoparticles with differem concentration. Crystal structure was un-altered
with addition of Ag NPs up to 2 wt. % and phase was found to change to CuTk1212 with firther
increasing concentrations. T, and J; were improved up 1o 1.5 wt % dme w increase of volume
fraction and was decreased with forther ixrease comfent of Ag NPs due to phase changs or
rapping of mobile camriers. The flux pining capability enhanced due to increase of critical
arrent density [164]. Ag NPs with differert concentrations were introduced i {(Bi, Pb)-2223
superconductor for inspection is properties. Phase fHhrmation of (Bi, Pb)-2223 superconductor
was reduced with increasing concentration of Ag NPs. Values obtained from E-J curves and J,
were enhanced up © 0.6 wt. % by inthusion of Ag NPs due to NPs refinement among inter-grain
conmectivity and settlement of these NPs af twin and grain-boundaries [165]). Transport and
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micro-structural properties of YBCO SC were elaborated by inclusion of different conents of
various metallic oxides NPs. Better supercomducting properties were obtained in case of
magnetic NPs than nop-mmgnetic NPs [84] Different concentrmations of carbon base
mnostructire such as C, SiC and CNT were wed fOr investigation of YBa:CuwsOis
superconductor. T, was enhanced due 1o additon of CNT while decreased by addition of C and
SiC. The J, was increased by inchusion o CNT while degraded due 1o presence of SIC and € in
superconductor [166].

Nickel (Ni) NPs emcapsulafed in carbon were used to investigate different properties of
MgB, supércondctor. Small variation was observed in critical temperature due o homogenous
distribution of NPs and carbon within grain. Transport properties enbanced due o better grain
connectivity and pinning ceniers by additon of Ni NPs [167]. YBCO based gmphene
nanocomposite was studied by wsing different techniques and degradation in properties were
observed in this mnocomposite material [168), Physical properties of Bi-2212 phase were
explored at low temperatwre by addition ¢f Prz0s manpparticles. Different parameters and
electrical properties were enhanced up to 0.6 wt. % by addition of these NPs [169]. Average
grain size was decreased with increasing contents of Au NPs in YBCO superconductor. This
was probahly presence of Az NPs among grains, which restricted the growth of samples. I-V
measurements wers carried out with magnetc field in ranging from 0.3 fo 0.7 T and values of J,
were decreased with increasing applied magnetic field due w moving of wortices. The J; was
$Hrund highest i all samples which indicated improvement of weak-links [170]. CNTs were used
inY123 superconductor to study #s propertics under normal and high pressure. Electronic
properties of Y123 were enhanced with additibn of CNTs and increasing rate of nornml siate
resistivity in undoped sample was four times larger than doped samples under pressure. Critical
{emperature was increased with increase of pressnre in Y123 superconducting samples with
inclmsion of CNTs [171]. Magmetoresistance study was carried out with inclusion different
contents of BaZrO, (BZ0) in YBayCiy 7.5, Increase in residual resistivity and room temperature
Teswtivity was increased with BZO NPs inclusion in YBCO superconductor. Hyz (0) was
enhanced to some optimum kvels (2 wt. %) in YBCO supercomductor with insertion of BZO
NPs. Also activation epergy (U,) and glass transition tenperature (T} were increased to some
optimum level which showed increase of grain connectivity with addition of BZO NPs [172].
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BaCe0y (BCO) nanoparticles embedded within YBa,Cu;Oy_s and BiFeO3 (BFO) within
single crystak YBazCw O 5 were fabricated, explored their superconducting properties. Smaller
grain size was observed in these samples due o reduction of growih rate of superconductors.
Enhanced superconducting properties as well as magnetic levitation free observed due 1o these
NPs acted as multi-source pinming centers in these samples [173, 174]. Nornel state resistivity
was suppressed and hence critical temperature increased with addition of graphene oxide (GO)
NPs in YBCO supercondustor. Maximnm value of ], was obtained as resuk of reduced porusity
and onhanced pinning properties at optinmum o£0.7 wi. % of GO NP3 [175). Different properties
of GdBaxCi;Q7.4 (Gd123) thin film and supercondueting phase were investigated by insertion of
BaSn0; (BSO) nanoparticles, single and multi-wall carbon ranotubes (SWCNTs and MWCNTs)
{176, 177] respectively. Enbanced pinning properties were observed in thin film with inclusion
of BSO NPs. Critical temperature was increased with certain optimum level in case of SWCNTs
(0.06 wt %) and MWCNTs (0.08 wt %) and was further decreased with incressing
concentration of these CNTs. Ako mechanical properties were enhanced up to above mentioned
optimum values of these CNTs structures in Gdi23 superconductor. Flux pinming propertics
examined with inclusion of NiNPs in MgB; superconductor. The value ofcriticel ewrrent demsity
was suppressed due to weak-links and greater flux penetration in grain-boundaries as a result 6f
addition of Ni in MgB; superconductor [178]. Superconducting properties and flux pinning
mechanism of YBCO superconducstor and mmbti-kayer film were investigated with addition of
AkO;, BCO manodots and BZO nanorods [179, 180]. Svperconductivity was degraded with
increase contents of AbOy NPs and T was deoreased due to agglbmerizations and forming larger
structre of samples, so unable to pin most of fluxes. On the other hand BCO npanodots and BZO
manodots intproved pinning capabilities of superconducting film.

Transport and superconducting properties were explored in YBCO superconductor with
CNTs and TiO; NPs insertion [181, 182). Connectivity was improved among superconducting
grain by small amount of TiO> NPs addition Conxduction mechankm in superconductor was
improved with inclusion of these NPs. Maxinum values ofJ; and hence pinming propetties were
observed Bor (0.1 wt. % of TiDy NPs, So elkctrical, magnetization and critical current densities
were enbanced remarkably in YBCO superconducior with small amount of TiD; NPs imsertion.
On the other band T, was decreased with CNT3 up to 0.6 wi. % and was increased with further
mcrease of ONTs contents. Samples with CNTs displayed more values ofJ, thanpristine sample.
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Highest value of J; found optimum for 0.2 wt, % additions on CNTs due to formation of pmning
centers and enhanced flux pinning properties. Critical current density was enhanced with
different thickness of ZnO seed impurity in MgB, superconducting film and proved that this ZnO
impurity served as effective pinning centers [183]. Mapnetoresistance measurements were
examined in Bi2223 superconductor by Ni impurity with different sintering temperatures. It was
observed that properties enhanced up to temperature of 700 °C and then decreased with further
increase of temperatare. Also flux pinning properties were mproved by incInsion of Ni impurity
optimum. level of 700 °C [184]. Superconducting properties and T, wers suppressed with
addition pf K2CO3 as a result of catbon doping and pinming propérties were decreased with co-
doped of Al & S5iC in MgB, superconducting phase [185, 186]. Mechanical, superconducting and
magnetic properties were investigated for BSCCO superconductor by addiion of carbon
encapsulated nano-boron (CENB). Hardness as meéasured by mechanical properties was
increased with CENB addition. The J; was enbanced optimum level of 0.1 wi. % and was further
decreased with increasing contents of CENB in BSCCO supercondicior as result of aggregation
of CENB in gmin-boundaries, Also amount of J, were lessened with increasing sirength of
magnetic ficld [187], Crystalline size, stress, lattice stran and T. were suppressed with
increasing contents of Ag & CNT in YBCO superconducting phase [188]. Or the other hand
lattice sirain was increased with insertion of GO NPs in YBCO superconductor T, Jo and
pinning energy were enhanced remarkably with inclusion of GO in YBCO superconductor [189).
Superconducting transport properties were studied with addition of graphens NPs with different
concentrations i Th1212 superconductor, The amount of Ty and 1. were lessencd with mising
contents of graphene NPs [190]). The Ni NPs with x= 0~ 10 wt. % were added in CuTF1223
superconductor for investigation of superconducting and flux pinning properties [191]. Te.(0) and
T, "™ were decreased with Niaddition in CuTl-1223 superconductor, London penetration depth,
inter-layer coupling and coherence kngih along c-axis were decreased with increasing contents
of Ni NPs. However J; was increased to some extent and proved that Ni nanoparticles could be
served as effective pinning centers.

CNTs and different sizes nano-wires as well as NPs of TiO» were added in YBCO
superconductor $r mvestigation of superconducting properties [192, 193] Superconducting
properties ehhanced by nano-euntities of TiOz wp to 0.1 wt. %. The T, was increased with these
mano-entities of TiO; as result of improvement in grain connectivity while T,"" was decreased
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for low contents and increased ©r higher concentrations of CNTs. Values of J. were observed
higher in case of Ti0; mmoparticles than mano-wires, so TiO; NPs were considered as better
pinning sites than Ti02 nano-wires. On the other hand the values of J. were enhanced optimum
level af 0.8 wt. % by inchwsion of CNTs and found 12 times larger than pristine sample. Crystal
size as well as lntice strain were reduced and fluctuation induced conductivity of these nano-
composites was suppressed by addition of CNTs. Transport properties of MgB; round wires were
studied by Au NPs at different sintering terperatures and in the presence of De test currenis of
50 mA as well as 500 mA with magnetic strength of 3T and 7T. The T, was observed greater in
De current of 500 mA than 50 mA and showed significant improvement of almost 10 times in
infield measurements in a sample with 7T then 3T magoetic field [194]. Microstructure and
superconduting properties of Ce04 doped YBCO film were explbored and found that eritical
current was increased first and then decreased with tenperature [195]. AkQ3; and ALO; along
with nano-carbon were ingerted in YBCO and MgB; superconductors separately [196, 197].
Crystal structure was affected and hence superconducting as well as thermal propertics changed
by nano-alumina in YBCO superconducior. T. was suppressed due in lattice strain by inclusion
of mano C and AbO; in MgB, superconductor. Activation energy was reduced as result of
decrease in J; and weakens of fhux pinning properties by nano-entities in MgB; superconductor.
Superconducting trarsport properties were studied with graptene nano-platelets (GoPs) and Ni
NPs in YBCO superconductor [198, 199). Ehstic modulus was improved up to 2.5 wi. % and
then decreased with further increasig contents of Ni NPs in YBCO superconduciot. Porosity
was decreased due to better commeetivity among gmin and $uperconducting properties were
enhanced due to GuPs addition with optimum level of 0.07 wi %. Tramgition width was
decreased; hence T. and J. were enhanced by inclusion of GriPs in YBCO supercondustor.
Stroctural, morphological and flux pinning properties were explored by insertion of W03 mno-
wires and particles in YBCO superconductor [200, 201). Singke sharp ransition in pT curve was
observed which indicated better connectivity and dominance of YBCO phase. Magnetic
properties Wwere enbanced with W03 nawo-wires added than pure samples. Hir was observed
greater in WO nano-wires as compared of pure sample indicating strong pinning capsbility. The
J was enhanced by a factor of 4.3 in the absence of applied megnetic field and by 2 factor of
21.9 in the presence of applied magpetic field with WOs namo-wires addition Flux pinning
properties improved optimum leve! of 0.10 wt, % by imsertion of WO; npano.wires. Average
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grin size was lessened with additional comtent o fWOQ; NPs. Resistivity was fund to increase up
to 0.1 wt % due to disorder, defects and in-homogeneities and T, was slight decreased with
inoreasing contents of WOy NPs. Magnetization, I, intra-grain characteristic and pinning
poperties were enhanced in samples with added WO ;3 NPs than un-added sample. Values of J;
were enhanced by a factor of 3.2 for pristine sampk and by a factor of 17.3 at 1T magnetic field
for W3 NPs added samples. The (CuTI)-1223 superconducting phase was explored by insertion
of gold (Au) NPs with different contents [202]. As a whole supercondncting properties as well as
grain size were improved with Au NPs imsertion. Numerous nano-stractures like InpOj and Fez O3
were inserted in (CuTT)-1223 superconiuctor while depreciation in porosity and enhancement of
superconducting properties were moticed by inclusion of these nano-additives [203, 204].
Suppression m superconducting parameters was noticed in (CuTI)-1223 by insertion of nano
AbO;, which was assigned to insulating behaviowr of these mamoperticles [205).
Superconducting parameters like critical temperatwe and carent dénsity were enhanced till 0.5
wt. % by insertion of Cry03 NPs in (Bi, Pb)-Sr-Ca-Cu-O superconmductor [206]. The nano AbO;
was ingerted in YBaxCuyO, and decrement in superconducting parameters lke T, and field
dependent Jo was witnessed [207]. The (Cup.sTh2sPbuzs)}1223 superconducting phase was
investigated via additon of ZnO nanoparticles in order to see impact on physical and
supercondreting propesties. Volume faction, melting point critical temperature and density
current were enhanced till 0.8 wi. % while these parameters were lessened on further higher
concentrations of ZnO NPs {208). Varbus namoparticks like FeyO4 and CQ+0y are inserted in
YBa;Cw045 and (B1, Pb)-2223 superconductors for investigation of infield superconducting
properties and these propattics were enhanced until certain optimum level [209, 210]. The BiSs-

Ca-Cu-0 superconductor was studied by inclusion of FesDy NPs and improvement in flux

pinning mechanism as well as cument carrying property was reported [211]. The peculiar
contents of Yb NPs were added in BihSnCaiCuyQy to siady superconducting properties and
suppression in these properties were pointed out after inclusion of these NPs [212).

1.25 Applications of HTSCs in various fields

Oxides based high temperature superconductors are vastly wed due to theic poteotial

applications in different fields. The utilization of HTSCs for generation, storage, transmission

and transfrmation of electrical power in elkctronic industry i3 bejng estimated all over the

world.. In order o develop power industry, major efforts are continvously being enhanced and
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improved the three critical parameters like T, J, and H,. SQUIDs and PPMS are important
instruments which are being widely used with application of magnetic fields and operated by
liquid He (4.2 K) as well as nitrogen (77 K) temperature. In very large scale integration (VLSI)
techmology, these HTSCs will be utilized extemsively in telecommunicatiors and high speed
vomputers in near future, These HTSCs are vastly utilized in medical fields as magnetic
resonance imaging (MRD and in magnetically elevated frains. Some salient applications of
superconductivity in varivus major fields are given below [15];

v" Magnets for variety of devices and passive microwave devices

¥ Microelectronics intenconnects and elecirical energy transport by cables

¥ InPPMS and SQUIDS

v Medicine (Nuclear medicine resonance tomography)

¥ Electrical power indusiry and computers

¥ Phsma confinement (High energy physics), microwave detectors and mixtures

¥ Tramspor mechanism (Ships and levitation trains) and in hybrid technology:

126 Motivation

High temperature superconductors are important ©r putpose of practical application, so in onder
to optimize superconducting parameters by modification of grain-boundaries as conducting
medium for utilizations in technology and industrial field.

1.26.1 Proble m statement

As HTSCs have layered structure with weak links at grain-boundaries and when external
magretic ficld-is applied, the vortox dymamics causes eoergy dissipation that may vary oxygen
contents and carrier densities, resulting the suppression of superconducting properties,

1.26.2 One of the possible solutions

As metallic sanoparticles lmve conducting nature and can serve as conduting mediwn as well as
artificial pinning cenres, which can facilitates the movement of eharge carriers o improve
supercondueting properties and parameters such as, H, Toand J;.

1.27 Scope of thesis
High emperature siperconiuctars are salient materiels to overcome energy crisis of the world,
Vortex motion begins among superconduCtor when temperature is imcreased which causes
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Chapter No. 2
Samples preparation and characterization techniques

The preparation of (D)/CuTk1223 nanoparticles-superconductor composites (D= Cu, Ag and
Au) 5 described in this chapter. Different experimental characterization techniques are ako
explained which have been opted for characterization of amampparticles superconductor
COMPOSites.

2.1 Preparation strategy

Solgel procedure is used for the synthesis of NPs while solid state reaction technique is utilized
for HTSC preparation. The description and advantages of these methods are demonstrated here.

2.1.1 Sol-ge¢l method for nanoparticles preparation

Sok gel procedure & a multifaceted technique for the preparation of NPs. This synthesis method
is utilized to produce variety of nano- materials with novel and pre-defined properties in simple
manner with low cost. It comsists of metallic organic compound and inorganic metal salts as
starting materials. A sol consists of deferment of solid entities in liquid whereas gel means of
sobid mexus having liquid phase. Sokgel is commonly utilized for synthesis of diferent
nanostructures due to wide range of precursors and can be performed at low temperature as well.
Sol gel method is preferred over other techniques due to its large number ofadvantages [1, 2]

v Momphological control and getting better size o f nanoparticles
v" Low cost and low temperature synthesis techaique
v" High purity and uniform phase distribution as compared to other tec hnijues

2.1.2 Solid state method for HTSCs pre paration

Different techniques have been opted for HTSCs since their dscoveries but most suitable and
effective technique is solid state reaction method. HTSCs have layersd, granular and
polycrystalline structure so, it 8 immense to get command single phase manutacture and free of
impurities swucture of HTSCs [3-7]. Powder in form of oxides or carbonates in appropriate
amount are mixed with each other and this method is required high temperature freatment with

24 1o 48 bours. This procedure is alko known as two steps solid state reaction mechanism
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because of heat treaiment is given twice to sample in order 1o get homogenous precursor. This
mechanism has its own ad vantages and disadvantages, A fw demerits are listed below:

¥ Difficult to control the size of product or composites in required technique

¥ There is no direct and simple way to monitor this synthesiz method

¥ High tenperature ~ 2000 “C in this method is involved in some cases so that large
electrical epergy is expend to acquire such colossal emperanue

v Chemical homogeneity is difficalt to atiain in product at molecular level

¥ There is chance of addition of impurities during grinding process via grinding media

Salid state reaction procedure is oflen wtilized fr synthesis of HTSCs despite all these
restrictions. Some facts should be kept in mind for synthesis of HTSCs by using solid state
reaction method, which are listed below

v' Heating, temperature and cooling rates must be monitored during synthesis process

¥ Pwrity levels of initial shemical powder mmst be very high

¥ Inorder to enlmnce homogeneity in grinding purpose, the grinding must be carried out
for bagperiod and intermediate grinding is also required between two heat treatments

2.1.3 Preparation of eanoparticles superconducter composites

To execute objective of our research work, we prepared (D)/ (CuTl-1223; (D= Cw, Agand Au)
manoparticles superconductor composites with help of solid state reaction method accomplished
in two steps. For synthess of manopartioles, we have taken respective nitrates of these required
manoparticks in appropriate ratios and mixed them in cakulated amount of ethanol by mixing in
one beaker with contimwus stirring. The caiculated amount of citrk acid and distilled water are
tixed in another beaker and placed on magnetic stirrer for continuous stirring. The solution of
second beaker is. placed in first beaker drop by drop. Ammonia is pomed drop by drop to get
required pH and then heat is started to get gel. This gel is phced in oven for 15 hours st 100 °C
10 dry this gel This dry powder i ground and pheed in firmace at different temperature fr 2~4
hours & get required NPs. Flow chant for manoparticle synthesis is shown in Fig 2,1. Copper
cyanides {Cu(CN)}z, cak:fum and barium nitrates {Ca (NO;); and Ba (NQs);}are blended with
appropriate quantity and crushed for3 hours inagate motor and pestle.
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shorter wavelength X-rays have invisible but have more penetration power than ordinary light
[8]. Discovery of X-rays opened new era for different material claracterization in different
fiekds. X-rays are slectromagnetic radiations baving shorter wavelength of around 1A produced
with declaration of higher energy electroms to inmer shells of atom [9] XRD is a special
techrigue to stody crystal symmetry of material The diffraction patiern will be produced by the
interaction of crystallive material with X-rays. These diffraction patterns are helpfil to identify
variots materiak on the bass of their mono or multiphase structire identification It & ako used
for measurements of crystal structures, degree of crystallinity, stacking faults, phase transitions,
particle size, stress, strainand impurity in structures [10- 17].

Fig, 2.3: Schematic representations ofbask princip ke of X-ray diffraction (XRD) [17].

Every material has its own structure 2nd fingerprint, which can be identified by comparing these
structures with allusion {reference) database in JCPDS lbrary. Purity and impurity present in a
sample can be identified on the basis of difftaction peake. Basic principle of XRD i shown in
Fig. 2.3, Geperally wmaterials are formed of repeated atomic planes which make up orystal
structure of any material Polychromatic cathode rays are usually produced in a special tube and
fensed these beams ofrays by making info monochromatic reys on materials. So, these rays are
diffracted, absorbed or transmitted in order to give patiern of materials. A diffraction pattern i
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Fig. 2.6: The illustration of different application of XRD in various fields (20].

2.2.2 Scanning electron microscopy (SEM)

The morphology of the prepared material is vestigated by surface probing techniqoe known as
scanning electron microscope (SEM) which uses interse beam of electron. Te generate
intensified image of materials, wave nature of electrons are used in SEM insfead of light The
ma gnetic lenses are utilized in SEM (o target the beam of electrons on sample species despite of
spherical mirrors fhat are utilized in optical microscope. The SEM is preferred due to greater
magnification than optical microscope for material chamcterizations. Electron gun, scanming
coils; electron detectors, anode, stage and nmagretic kenses are main components of SEM. The
SEM s¢hematic fllustration is given in Fig. 2.7, Different electrons are genemted from material
specimens with sipport of beam of negative charge carriers by electron gun.
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Fig. 2.8: Interaction o fincilent beam with sample and emissionof electrons flom surface [23].
To minimize the distrrbance and interference generated by electron with surroundings, a vacuum
pump is used in SEM. Primary ekotrons give allbcations of varions elements of materizls in a
sample, whereas secondary electrons detections give highly intensified image about 10 times o
500 K times. Environmemnkal and regukr SEMs are basic two types which are used for varius
field and materials, The exemination of non-conducting materials 5 done with environmental
SEM and regular SEM 5 used fbr the analysis ofconductive materiak. So, amlysis of materiak
without conductive coating is only done by enviromnental SEM. The main purposc ofcoatingon
non-metallic materials during electon irradiation process is o evade accumulation of charges on
the surface. Hence, coating is helpful in improvement in resolution and quality of the image for
the materials [26].

2.2.3 Energy dispersive X-rays (EDX) analysis

Flememal conyposition of the material is studied by EDX that relies on the interactions between
matter and electron beam. Its setup is mostly along with the SEM or TEM X-mays emerged ffom
the material when energetic electrons beam particles hits with mauer. In EDX investigation,
eminent powerful ekctron beam is bombarded over specimen inside SEM. During this process,
the highly energetic electrons knock-out numerous negative charge carriers (efectrons) from
interior shell and produce vacancies. These vacancies are ocoupiad by ower shells electrons with

85




emission of X-ray photomns called characteristics X-rays. These X-rays are ejected from the
sanples because of each element has its own specific energy due W ils characteristic X-ray. In
EDX, every energy level has panticular characteristic spectra in an atom that shows elemental
amalysis of the material The EDX spectra are comespotded to the specific energy level that
disply clemental information about maximnm recorded X-rays. Every signal produced froman
element resembles to vnigue peak in an atom High intemsity obtined by cenain clement of
sanple shows higher comentration of that element in spectra. Working principle of EDX &
represented in Fig. 2.9,
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Fig. 2.9: Ilnstmtive diagram of EDX inner shell transitions from an element,

2.2.4 Fourler transforms infrared (FTIR) spectroscopy

Absorption, emission and photoconduectivity related spectrum of any material are determined by
versatile techoique known as FTIR. Atoms and molecules of atoms are always in persitent
vbration a3 a result of bending, streiching and contractions of bonds even at bw temperature.
FTIR spectomoter & based on principle of Michelson interferometer that divides infrared
radiation among differem wavelength components. Basic principle of Michebon interferometer
and iustrative diagram of FTIR apparatus are presented in Fig 2.10. Radiations interact with
atoms of molecuks whenradiatiors from FTIR apparatus fall on sample of material. Absorption
pedks in a spectruin related to vibrational modes of materials ate obtained due to superpesition
frequencies of infrared radiations and lattice vibmbom. FTIR is useful technijues for
investigation of possble correlation between lattice vibmtion and superconductivity, For
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We have investigated the R-T measurements of composites with application ofexternal magnetic
fied in ranges from O 1o 8 T having minimal amouat of 10 pA cumrent by PPMS quantum design
insgnment The heating rate was mzintained in between 1 K per minute to 3 K per minutes
during measurement for all samples. Modern set up of PPMS is shown in Fig. 2.12.

2.2.6 Current versus voltage (I-V) measarements

For electrical trauspart properties for superconducting materials, measurements of I are crucial
and substantial. Maximum values of curent that s passed through superconductors without
affecting its critical state represent as critical current (1) and when this limit is exceeded, the
material is transformed into normal conductor. I-V menstruations sccomplished at constant 77 K
temperature for all sanples, Resistivity or superconducting materiaks i normally very small to
be measured. Materials siarted to show resistance with increasing current as result of rising of
potential drop across sample. So, values of J; can be obtained by dividing [ by cross-sectional
area of sample.
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(Cu)/(CuTI-1223 Nanoparticles-Superconductor Composites

The effect of MNPs inchsion with different concentrations on superconducting and ma gneto-
electrical properties of (CuTl)-1223 phase was investigated in this chapter. Cu NPs owing to
their conducting character were itended to improve these properties of (CuT1)-1223 phase by
healing of spaces among graim, void and pores. OQur desire was to find an optimum level of these
Cu NPs in order to get enhancement in supercondicting and magneto-electrical properties
without effecting crystal symmetry of this phase. The structiral, morphogical, compositional,
superconducting and magneto-ekctrical properties were amalyzed by wsing different
experimental technijues. Magnetization measurements (M versus T and M versus H) of
nanopartic le-supercondactor composites were performed in temperature range of 5 K to 300 K
without ficld and 0.01 T field by PPMS,

3.2, Results and discussion

3.2.1 X-rays diffraction (XRD) analysis

Phase purity of Cu manoparticks and nanopartickes superconductor composites were examined
through XRD spectra. The XRD spectrum of Cu NPs & presented in Fig. 3.1. Avemge crystallite
size of CuNPs, calculated by Debye-Scherer’s formula was found 20 nm. The XRD peaks found
at 43.09°, 50.32° and 74.15° were indexed as (111), (200) and (220) planes according to the
standard card JCPDS (Card No. 04-0836) indicating FCC crystal struchwe of the Cu NPs [1].
The X-my diffraction scan for every sample was collected from 20 = 2° to 65° ranges. The
crystal symmetry, cell criterions and phase perfection were procured from XRD Scans. XRD
scans of bulk (CuTl)- 1223 superconductor by inclusion of Cu NPs with variation in contents {0,
1.0 and 3.0 wi. %) are represented by Fig. 3.2. The XRI) amlysis indicated that superconducting
phase was accomplished aml very small amount of other superconducting phases including
(CuTD-1234 and few other unknown impurities were displyed. The distinguished Bragg's peaks
of XRD scams were registered in accordance with tetragomal symmetry of (CuTI)-1223 along
with P4/mmm space group. These XRD scans showed the preservation of CuTl-1223 structure in
spite of CuNPs inchision
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Table 3.2, The EDX quantified elemental amalysis of (CuT1)-1223 superconductor by inclusion
of CuNPs with 0 and 4.0 wt. % respectively

=0 x=4%
Ekment | Weight% | Atomic% | Emmor% | Element | Weight% | Atomic% | Emror %
CK 1 4.4 18.12 CK 1.66 6.4 14.08
0K 14.21 47.08 9.7 OK 1634 47.29 9.35
CaK 0.16 2.11 4.36 CakK 9.78 11.3 36
BaK 30.63 11.82 3.05 BaK 28.75 9.69 258
CnK 2248 18.75 3.49 CuK 30.33 21 2.99
TIL 22.51 5.84 12.1 TIL 12.16 2.75 15.16
Total 99.99 100 Mo L 0.97 0.45 13.19
Total 99.99 99.98

It was noticed that microstructures of samples menifested a unifying feature of randomly
scattered plate like grains. The pores, voids and weak- links witnessed obviously prominent in
SEM for pristine sample, on the other hand theses parameters were decreased after Cu NPs
insertion Ip upper- right corner of SEM image for x = 4 wt. %, the magnification was increased
to 1pm and we noticed that white spot, which were Cu NPs disirbuted on surface of grain. The
improversent in conneclivity among grains was accountable due to Cu NPs abng with
strengthen of pinning centers o embed the vortices. However for Cu NPs higher contents (ie.,
= 4.0 wt %) placed on grain surface, superconducting properties were suppressed by

phenomena like scattering, pair breaking {4].

3.2.3 Fourier transformation infrared (FTIR) Spectroscopy analysis

FTIR s very semsitive technmique used to detect a trace amouni of impurities along with
functional groups in the material, The FTIR absorption spectra of (Cu),/CuT}1223 composites
{0 ~ 4.0 wt. %), in the wave number mnges of 400-700 ¢’ are shown in Fig.3.4.
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Fig.3.6: Varition of critical temperature and hole concentration against various contents (0 ~ 4
wt. %) of Cu NPs in (CuTD-1223 superconductor.

The demsity of mobile charge camriers started o decrease after optimum level as result of
suppression of superconducting volume fraction by phenomena of scattering and pair breaking.

3.2.5 Zero field cooled (ZFC) and field cooled (FC) versus temperature nwasuremeuts

The magnetic moment against temperature from 5 K to 300 K of (Cu),A(CuTD-1223; x=0~ 4.0
wt.%, NPs-superconductor congposites for zero-field-cookd (ZFC) and the fieid-cooled (FC)
measurements are displayed in Fig. 3.7 (a-d). The diamagnetic transttion termperature T.°"%
cakuhted from ZFC ¢urves was found around 97 K, 112 K, 95 K, 98 K for x=0 ~ 4 wt. %
accordingly. The T.°"** s temperature in M-T measnrements where ZFC and FC curves merge
with each other. The wtmost iwprovement was witnessed in (CuTl)-1223 superconductor by
addition of Cu NPs up 0 optimum level of 1.0 wt. %, The optimizations in T,°™ can be
rendered to refinement of inter-grains connectivity via filling up the pores and spaces with
metallic CuNPs.
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3.2.7 Critical current density (J;) measurements

The fickd related critical current dersity J; by addition of Cu NP3 with differem concentrations in
(CuTT)-1223 superconductor is represented by Fig. 3.10 (a-e) and was calculated by using Bean's
equation [14];

20 AM

;J£=———j_ e eem33)
¥

Where AM = M* — M, and dimensions of the samples are represented by a, b such that (a >
b). The variations in field dependent J, calculated by Bean's equation by Cu NPs inclusion in
(CuTI)-1223 samples are displayed by Fig 3.10.(a-d). The field dependent measured vatues of J;
showed broadly increasing tendency by inclusion of CuNPs in (CuTl)-1223 superconductor. The

wmost value of J; was varied from 2.4 x 107, 7.1 x 102, 4.6 = 10% o0 3.2 x 10° A e at
temperatore of 10 K by various contents of Cu NPs i (CuTD-1223 soperconductor, The
maximal vatue of critical current density was achicved with optimum level of 1.0 wt. % of Cu
NPs addition in (CuTI}1223 suwperconductor. The wolume fraction and hemce the infield
superconducting transport properties of (CuTI)-1223 were suppressed beyond optimum level of
Cu NPs addition. These Cu NPs as conducting medium were adjusted at gmin-boundaries of
(CoTD-1223 superconductor and served as artificial efficient pinning centers, which can permit
the movement of charge camiers [15, 16], These consequences recommend that Cu NPs lave
remarkably enhanced munber of pinning centers and these pinning centers acting as additionally
phases in superconducting samples, which evolve the source of increment in infield X, Fig 3.10
(e) represents the akeration of J; against temperatwes with different concentrations of CuNPs in
{CuTl)}-1223 swperconductor. The uvtmost enhancement of critical ciwrent density at all

temperature was witnessed by an optimum Ieve]l of 1,0 wt. % Cu NPs addition in (CuTi)}1223
superconductor. It was also witnessed that values of]; were lessened by mising tempemiure r

each samples, which mdicated strong pinning at low temperatures. Magnetization provoked with
pirming to decrease with increased of temperature. The vortex motion in the samples was

increased of temperatuve, which lead to degradation of magnetic fluxes and resulted energy loss

in host materiel. Consequently the decrement of inficld J. at higher temperatures was observed

by addition of all concenirations of CuNPs in (CuTI)}- 1223 superconductor due o vortex motion
and energy dissipation.
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Chapter 4
(Ag),/CuTl-1223 Nanoparticles-Superconductor Compaosites

The fizld dependent syperconducting transport properties of (CuTl)-1223 by inclusion of AgNPs
with concentrations of x= 0 ~ 4.0 wt. % uanoparticle superconducior composites have been
studied. Ag mamoparticles with different concentmtions were added to investigate different
superconducting feathers of (CuTT)-1223 bost matrix. Superconducting along with flux pinning
properties are expected to enhance by metallic nature of Ag NPs in CuT1-1223 snperconducting
phase. Infield DC resistivity of composites was measured by PPMS with magnetic strength of
0~8T. Variows superconducting parameters such as upper critical fieli (Hys), traxmsition width
(AT,) and coherence length {£(0)} were calculated by using Ginzburg- Landan (GL) foromda,
TAFF model and Werthmer-Helfand-Hohenberg (WHH) formmila. The Arrhenius law was used

for cakeulation of activation energy Us,.
4.2 Results and discussion

4.2.1 X-rays diffiraction (XRD) analysis

Phage purity of Ag NPs and nanoparticks superconducting composites were examined by X-rays
diffraction pattern. The XRD spectrum of Ag NPs & represented by Fig. 4.1, Average crystallite
size of AgNPs, calcukied by Debye-Scherer’s formula was found [7 nm. The XRD peaks found
at 38°, 44.32% 64.35° and 77.25° were indexed as {111}, (200), (220) and(311) planes according
o the standard card JCPDS (Cand No. 04-0783) indicating FOC: erystal structure of the Ag NPs
[1). Figure 4.2 represents the XRD spectra of Ag NPs addition with various comtents (x=0, 2.0
and 4.0 wt %) in (CuTI)}-1223 supercondwctor. Pronounced XRD peaks were labeled in
accordance with fetragonal symmetry o f P4/mmm space group for {CuTl-1223 supercondutr.
The httice pasameter {(a) was un-aliered with Ag NPs inchssion, which showed that Ag NPs
probably bad not entered in unit cell of host material. The parameter ‘c* was sfightly varied with
addition of Ag NPs in (CuTI)-1223 superconductor by virtue of stresses or strains. Fig. 4.2
represents bw intensity perks of {CuTl)-1234, (CuTD-1212supercondictors and wknown

110































Chapter § {Au)/CuTI-1223 Nanoparticles-Supereonductor Compogites

Chapter5
(An),/CuTl-1223 Nanoparticles-Superconductor Composites

Infield superconducting transport properties have been investigated by inclusion of gold {Au)
mnoparticles with various concemmations (= 0, 0.5, 1.0 anod 1.5 wt %) m CuTl-1223
superconductor. Phase purity and morphology were examined by XRD and SEM respectively.
Infield propertics have been studied by using four point probe technique without field and ako
with strength of magoetc field up to 7 T by virtue of quantum design PPMS. Vortex dynamics
with inclusion of Au NPs in CuTFI1223 superconductor were investigated by analyzing the
resistive trapsition in external applied magnetic field. Superconducting parameters such as
activation energy (U,), upper critical field (H), coherence length {£(0), transition width (AT,),
and critical current densities (J;) were calculated by infield measurements with help of different
models.

5.2 Results and discussion

5.2.1 X-rays diffraction (XRD) analysis
Phase purity of Au NPs and host matrix with these NPs were examined by XRD spectra. The
XRD spectrumof Au NPs is represented by Fig. 5.1. Average crystallite size of Ag NPs,

Gold {Au) nanoparticlias

(411)

(200)

Intensity {(a.u.)

16 24 32 48 66 64 72 80

40 o
20
Fig. 5.1: XRD scanof AuNPs.
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Cinater§. Couclusions

Chapter No. 6

CONCLUSIONS

Superconducting (CuTT)s sCazBa,CuzOyos (CuTI-1223) phase and metallic {(ie. Cu, Ag
and Au) nanoparticles (MNPs) were sucoessfully synthesized by sol-gel method and solid-sate
reaction method, respectively. The different concentrations of these MNPs with different sizes
were added in CuTl-1223 superconducting matrix to obtain (0)/(CaTI)}-1223; (x = 0 ~ 4 wt.%
and D =.Cu, Ag and An) nanoparticles-superconductor composites.

The following conclusions have been drawn from the experimental results presented in this
dissertation;

¥ The crystailine structare of the host (CuT1)-1223 superconducting phase remained
preserve as tetragonal with P4/mmm symmetry after the imclusion of MNPs, which
confimmed about the occupancy of these MNPs at inter-granular spaces of the parent
material Slight variation in the lattice parameters was noticed owing to stresses and
strains generated by mchusion of these MNPs at the grain-boundaries of (Cull)-1223
superconductor. The SEM images of these composites also reflected the improvement in
inter-grain connectivity and reduction i porosity afier the inclusion of MNPs.

¥ The normal state resistivity {p (Q-cm)} and broadening in superconducting resistive
transition temperature {AT) was suppressed while superconducting critical parameters
such as zero resistivity criticel temperature (T.) and critical current density (J.) were
enhanced by the inclusion of MINPs in CuTI-1223 saperconducting phase.

¥ The lower critical magnetic field (H:() and the upper critical magnetic field (H,) were
increased with the addition of MNFPs up to certain optimal level in {CuTl)-1223
superconducting phase.

v Activation energy (U,) was increased with the addition of MNPs up to certain optimum
level in (CuTI)-1223 superconducting phase, while it was suppreased with increase of
temperature due to damaging of weak-links.

From experimental measurements and theoretical analysis of the experimental data of
(D)/(CuTL)-1223; (x = 0 ~ 4 wt% and D = Cu, Ag and Au) nanopartisles-superconductar
composites, it has been concluded that these MNPs are suitable candidates for the addition in
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ARTICLEINFO ABSTRACT

Chesiical sol-gel route was opoed for syadresis of chronshum (Cr} renoparticles (NPs).and solld-state resstion
mathod wax ased in gthaive the mparconducting (e yiaCa 001 ny ((CUTI 223} phati. The desived
(SO TI-122% & = (2,0 wi% nanopastities-aupercondiendr composites were ocbtained by the incdrporston
of Gy NPy in the host sipairenducting (CuT1)-1223 matrix, The crysel souctore slong with the phase puddty was
WWWMWMMMMMMW&M{&M”&
slacrir messurements of theve compocns. The erystal structure of these oompoifies wes found un-alieved,
which indicated the presence of Cr NP4 of the inter-grarulsr regloos of the bas CuTh1223 especnonducting
maidy The suppiesibon in sapérconidncting transpart properdes of CuTl-122% superconducting phase-conld be
‘2ssoeiided to tha yedictian of sopemondpeting volume fraction aftes the inclusion of §r NP3, The effects off Gt

NPs on the ac-conduction preces in (CoTI}-1223 phase wern investigated via fraquency depeadens dielerstic
megsurements At <lifferenr opetating camperwore.

1. Iatroduction

Many supercondncting ceramic maveriale showed high dialectrie
properties, which is the need of modem age for rechnological practical
spplications | 141, These mifiterinls are the best candidates in different
fields dus to high dieleciric constants and verzatile synthesis tichni.
ques. The marejaly with both high and Jow dielectric constants are
aructal in different Selds of electronie industry |4]. Capagitive elements
in electronle éircuits make use of high dislecuie conscant materials,
while electronic insuladon davices gererally whilize low dielecaic
congant matertals [4]. Meaverials with dielectric constant greater tian
10° xre known a1 eolossal parmittivity materialy (CPMs) [S]. These
CPMs with Jow dielertric Ipss can be considered 25 the besy candidares
for high erergy-density storage applicattons [5,7], Micro-eracks and
imter-graia borndaries in polycrystalline supercondicting caramics are
generaliy considered as dielectric media across whith mebile charge
carriers can be piled up and becomes the sorree of polarizetion in these
marterials [4], Brequency and temperature are the cruciel constraints in

» Correspiontting awthor.
E~madl adftlreer mromite Gibuedapk (M. MWontrz).

iitegse Pdol b L0.108b.J crpngescL 2020.E0 121

the study of ac-conduction process in xupercondueting materials [8,91,

The dielettric response of GdBa,Cuy 5 superconductr added with.
single-vralled carhom nancnibes was Uivestigutad at temperature 77 K
aod frequency ranging from 100 KHz to 5 MHz L10], 4o edhancement
in dislectric properties was observed after the addition of Sngle-wailed
carbon nanotbes up ro (LOG W% as A reqult of maximum reduction in
defects and improvernent fn inter-graine conpections, Real part-of di-
electric constent way incressed at lower frequency regime and it was
decrensed with further increase in frequency, Two dispersion peakis
were observed in imaginaty park of dielectric constant due to space or
interfatial polarizations. Negative value in tangent loss was obwerved in
some samples due to permanent shift of space charge in die presence of
applied dectric ac-Aeld. The dicdectric study of Bly 2PPoa5r2CagCoudo.
s (B, Pb}2221 supsrconductor with different concentrations of gold
{An) nanoparticles were exscutad (11]. The highes valuas of disleceric
constant as well as tangent inss were observed at lower frequenties and
these parameters got reduced with forther ncrease is the velues of
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AETICLE INFO ABSTRACT

Koot Solid-staee reaction mettvod was wed © synthesize (CinsTlusBaCagngig - (CuT5-1229) saperconducting

(AN TUTI 2D compessites phasi snd gold (Au) nanopartcles were exraciad From oolloidal gold seiullen. 'The Au nangpartithes of 39 am

Au namagrizies o sverage in size wereaddad in e hosk CuT1-1223 superconducting tomtrix o eblatn (AUl QUT-1233; ¥ = 6,35,

Tl 223 superonndncting phase L0-and 1.5 wt% nanopartichi-sxpercondactor compasites. Bupercondueting traiispoct propesties of {Au),/CdTh.

Infield suparenirducting properties 1223 composites were sxplored by mesistivity versiur lemperanucs (R-T) mensurements in different exterual
applied magnetic Felds of M = 67 Tesla. Ovesall impreventent i suparoonducting transpornt propacties were
vhserved after Au oanoparticles addition ia CuTl-1223 supercondurting maitis. The deirease in coherence
length {0)} was attributed to the redution of varex core radius with addides'sf Ay panapatticles, which was
sradially increased witlh increasing extemas) applied magnetic fold, The susialinabllity of supercomiuctivity at
high magnotic fleld in Au nanoparticles sddad GuTl-1 223 superoandietor ean be stiributed to the sahanesd flue
pinutig abiltry of grains-bowndaries dus to the presence of Au naymparticles e,

1, Introduction potential barriers. On the other kand, theses voids and spaces are the

Oty T By CitOor s o g (COTT-bited) is tha. prowising high
temperaire sipercondcting (HTSCY family due to amblent pressure
gymthesis with second highest superconducting properties in cupraies.
(CupsTly2)Ba3CagCusBig-s (CuTl-1223) superconductor & one of the
most altractive phase due to its highest values of suparcanducring
paraiteiem among the others phasts of this GuTl-based HTSC family,
‘The main sks for the scleatss worling In the field of super-
conductivity is always to enhance the impovant seperconditing
parameters Le crivical current dengity (J), critical temperature (T
and critical Reld (1), with the ledp of different methodologies (1-3).
The erysial strucrure, chemica) composition, and morphology are the
main targets to be forused to obuain the goa! of improvaments of su-
percondueting parameters of the bulk HTSCs. The grains size and inter-
grains conpling through wesk-links are the matn features of the fulk
cuprate HESCs morphology. Therefore, the inter-graing pores and voids
inmnnlarbu&cuprmﬁmcsmufgrmlmpmmtmheaddmsed.
‘The pores and voids in. the' granilar bulk WTSCs have demerits along
with some merits. ‘These voids canse hurdl= in intergrains charge car-
deyy’ tramspottation and become the soures of energy loss across these

Corefporuding awthor.
Eamoil agifrece: mmurmrazabiin edo.pl (M Miantaz).

Sittpecte e e 0, L9187 [ors 201951 S 10

best flux pinning sites for the magaedc Hux. vartices in bulk cuprates,
Therefore, ii bat become very Important to suplore the most suiiable
way, which could reduce the frmat-grains weak connectivity and could
improve the afficient Ax plonkng in the system. Different metiiods have
been worked om to sddress this fsne but embedding of nanostrictures
of suitable nature, thape and size kn the ik of HTSCs is fownd one of
the thost appropriste technigues [4-46 ], Tha nanostructures of different
materials, shapes and sizes sueh as BaTiOg, AlOs, BaZrQs, BaCeOs;,
Zr0y, 5IC, Smz03, Al:Oy and GroDy nanoparticles were added in dif-
ferent bulk HTSCs Ilke Bismuth-buted, Yrmium-based ete, tp enhance
inter-grains conpling strength as well as ro improve the fux pimming
efficlency of liost HTSCs marrices [7-16]: in vorte state of HTSCs, the
fux pinniag is the makn motivation to svoid e energy dissipation due
to vortex dynamics in the presence of magneric feld when Lorentz force
dominates the Sux ploning ferce f17,15].

In piresent research article, the effects of Au nandparticles” addirion
on supercapdnrring cricical parameters such s H,, Jo Te and ¢ (0) of
CuT1-1223 phase havé been reported, The main motivation was to en-
bance. the Infield supercopductivity of CuT1-1223 phase with addition
of Au nanoparticlen

Received 30 June 2018; Received in revited form .13 January 2019, Accepted 31 Jurmsey 2010
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Almtract Metallic copper (Cu) aancparticles were added
in appropriaic ratios info the Cog 5Ty sBagCasCiyOns—3
(CnoTl-1223) superconducting phase to obtain (Cu):/CuTl-
1223 (x = U = 4.0 wi%) nsnoparticle-supercondoctor
compasites. Structural, morphological, compositional, and
supercenducting ransport properties were imvestigated by
nsing different experimental characterization teohniques.
The crystal structure of the bost CuTl-1223 phase reroained
vnaltered (Lé, tetragenal) after addition of Cu wanopar-
ticles, which gave a clue about the occupancy of these
hanoparticles at the inter-crystallite sites. Grain morphology
and inter-grain connectivity wera improved after addition
of these Co nanoparticlés being metillio in nature were
suppased to be the best candidate for impravement of inter-
grdin connectivity and siperconducting properties. Calcu-
laticn bf the suparcontinciing volume fraction showed the
dominange of the CeT1-1223 phase along with the pres-
ence of some other supercondacting phases and unknown
imputitics. The optimam content level of Cu. nandpani-
cles in the CoT1-1223 phase for maximnm improvement of
stperconducting’ propertics was 1.0 wigk,

Keywords (Culr/CuTl-1223 composites - Cryatal
structure - Morphology - Supeveondecting properties
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1 Introduction

The powntial applications of high~tcmperature supercon-
ductors (HTSCs) have siways been the zim of researchers
since their discovery, Greal effods have: been pul into
processing to oplimizo: the macroscopic superconducting
properties envisaging practical applications of bulk mate-
rials. Small imperfections at grain boundaries with spatial
extensioits of the order of the coberence length lead 10 a
substantial weakeninig of inter-grain conneetivity and sup-
pression of Gansport propevtics. This way, the granolariy
of these materials lirnits their transport propertics doe to a
cutrent percolation’ problem, which strongly depends on the
microstrugtares, The armbient pressurs: synthesis of differ-
ent HTSC families lowers their supercondycting properties
due to the présénce of intergrain voids and pores. Dif-
ferent techniques have teen wsed to bvercome thess prob-
lems sich as high pressure synthesis and post-unnealing,
to enhance superconducting peoperties- [1—4), Addition of
different nanoparticles in HTSCs is one of the easiest,
efféctive, and novel chiigues to address this issue. The
nanoparticles heal np the infer-grain voids end pores with
the virtoe of which it may be cxpested that soperconguc-
tivity. will bs enhanced, Conwrolled size, concemraiton, and
distribution of nanostructures at préin boundarics of the
bulk HTSCs are ecal challenges [5-10]. The nature of the
diffesent nanostructure is very impartant because ditferent
nanopartigles have ditferent effects on various properties
on HTSCs. High-pressure synthesis is not suitable ar com-
mercial level production of HTSCs, so we have chosen the
CuT1-1223 phade of the HTSC family due to its: synthesis at
armbient prexsure.

The CuTl-1223 phese: with different concentrations of
nang-Ag partices was investigaied. Yolume fraction. mielt-
ing point, T.. and J: were found o be improved up to
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ARTICLE INFQ

ABBTRADT

Capper 1) nanoparticies and Gy Tl sB1C2:003010 {0u11-1223) sopercimducting phase were synthesized
by sal-gel and solid-eape rescton, respectively, These metailic Ca nangparticles were added in CuT1-1223 au-
parsonducting watrie to et [Coly/CaTH1ZIS ¥ = (-4.0w caneparticles-supercondmcins composites and
their temperanire depeident magneto-transport propertien were stadied. The zere-fiakd-cooled (ZPC) and fetd-
coaled (FC) remperarwe dependent magnelimtion (M-T) meassrements of (Gu),CoTl-1233 camples showad an
inerease in transition temperaiure and in ampltude of damaguetic signal dfter v indusion of Cu nancparticles
n the hom CoTI-L229 marris. The lnprovenent in these magnato-transpart properties can be stiributed to the
inerease In mamber of efficlent pining cantrer in CuTl-1223 matrix, after addition of Cu manopartices.
Magnetizadon hyseresis (M-H) Tovps were obiained at variow operaling, emperatures fiom which the mag-
oetization cridieal curpent dendty (1) was astimmed using Bear's critical state model, M-H loops ivdicared the
cprobined and Jervmagnetic bihaviouy up to 90K i afl (Gn)/CuT1-1223 sumples
Improvement in ). could alsa be doe to increane io nomber of pirning contres with edilition of Cut nangpanticiss
i CuTi-1223 mait. Maxicum tmprovement in magneto-transphet properties of (Cud7CuT-1 223 samples wes
observed for x = 3,0 wt¥, which had specified the optimum content l=wed nf Cu panaparticles in CuT-1225

phase.

1. Introduction

With the discovery of high-temperatire supercopductors (HISCs),
substintial efforts have been made to fmprove their oritical patenictery
thimugh the development and use of divesse technlques [1].
Cug gThy sBayCa, L0y (CuTh-1223) it an attracdve phase of CuTl-
baved HTSCs famlly dus to (s synthesis at ambist pressore and having
higher values of oritical superconducting parameters such as transition
mmnmm),mvemlhmwﬁeldﬂ-l.,] critical corrent densiry CI1.)
etc 12-4), High value of J, Is resuited for technivdogieal applications of
mmwmmmﬂmﬂq&mmmum
reported that the J, Ismng;ydepen‘ﬂmf-m the micestructure of
HTSCs due to their highly amotropic layered crystal stroctares, In
order fa imgrove the microstructure, various fabricadon techniques
have hean irieil to obtain highly ariented matedials 1611 j: I extarnal
applled magretic feld, the vortex moGan In HTSCS is the main source
of energy distipation and suppression of J, [1.2-16]. One way to im-
prove J, is to introduce artificial pinming centres espacially secondary

* Correspending guthor,
E-mail address; vemam 7 Sadratmicom (M. Mummess).
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ghases or non-superconducting inchesions, which can act as fomopic
and randamly dispersed aetficial pinning centres (1 7-23}, Dislocations,
stacldng faults, twin boundaries and oxygen defects can also aet as of-
fective pioning centres. The most useful, effective and casy way o
improve infield J, as weall ag other superconducring ceitizal parameters
iz tp imroduce additionsl artificial pinning cenes by the inclusion of
different nanvsizuciures of different materials in bulk HTSCs (24,25].

In this paper, we reported the effects of netaflic Cu nanoparticles
additior on magneio-lramsport poperties of Cull-1223 super-
conducting phase. Serfes of (Cujy/OuTl-1223 samples were synthesized
to find oug the oprimal concentration level of Ci naroparticles o obtain
the maximum improvemsit n supsrconducing magneto-transport
properties without affecting the crystal structure of host CoT-1223
phase.

2. Samples synthesis and experimental datail
Fowders of CUCV, CalNis); and Ra(NOy), were measured, mixed

Raceivid] 6 January 2018, Réelved in vevised form 5 Febrvary 2018; Aecepted 15 Adguxt 2019
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ARTICLE INEQ ABSTRACT

Keywardss

(MgOYRACUTIIZZS pompntineg
30 napoparticles

(TuTi-1723 spercondurting plas
Supertoniluiting Jopertes

A well-established jolid-state reaction ryue was sdopred for the synthers of (Ctts T4 Ba3C0:00:01 6.5 {ICUTD-
1223} superconductivg phisee and & well-imown sol-gel roethord was used to yrepare the magnedsm oxide (Mg0)
nanoparsivies. The different weight percentages of thene M20 nanoparticles were wixed wigh (CyTT}-1223 su-
pescondnrter to obtaln MeLAGHTILEES; 2 =0 = EOwWE% umopartctessupermmductos compotites, The
phase formation, cyystal stracture, phiase puriey and morphology of Mg0 nanoparicles’ md (M30), CUT-1223

compodites wers investigned by X.rwys diffraction and scanning electon microscopy, respecyively.
Supervandarting propertier of (MgE),./(CUTH) 1229 compotites vere siplared by resistivicy: versns temperakums
messurerrents. The haley’ coreentration, activadon enerzy and evo resisthvity oricical triperatuy were sup-
pressed while ernsiiing width was broadened, which. can be attyitaited to'the reducid suparoonducting votme
frartion s ashsiced pusnher of scuttering ciers with increasing convents of insulsting Mgl panoparticles o
the host (CuTl}1223 superconducting phase,

1. Imireduction

The high wmperature supticondictors (HTSCH) have been focused
by the scientists since the diseovery due to the nse of these materials in
diffsrent very important technological applications. The HTSCs have
bee synthesized at high pressure as well as st ambjent pressure. The
high-pressare synthesis of HTSCS a¢ the commercinl scale & a big
hurdle. Themefure, we have preferred to synithesdes our HTSCs samples
at ombfent pressure. We have selocted (CigeTho)BayCa:Cug0hss

phase of CllesTho 58850k — 10O 44— 7= 2, 3..., HTSCs Gamiy dae-

te higher values of iz supsrconducting critical parameters [1-5]. The
carriers’ density amd the momber of CnOy planes of cupretes are the
important patimeters, whith can control the superconducing transport
propertias of the marerial [8), The performance of bulk HTSCs materials
can be affected by the presence of srakes, voids, pores sad other mf-
erodefecss [7]. The different techniques such as synthesis conditions
and post annedling have been exercised to overcome these problems. In
addition b these tachniques, the simplest snd effective one It the in-
clusing of different nenpstructures such as nanoparticle, manerods, and
nanotubes in HTSCy matrices (£-10], But still in this technique, the
major {scue is the uniform distrilnlon of canestructires gver the grain-
bonndaries and the control of sige and shape of nanogtructiares to ob-
seTve Fhs seme affect theoughout the bulk HISCs samples [10-15]. The
different contenty of 20nm and 40nm size MzQ uanopatticles were

* Cruraspondimg. awthoe,
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added in (Siz sPbo.iSrLeCus0i)/Ag tapes and electrical transport
propesties were hivestigated [14]. The criticat current density (l.) wes
imgroved op o certain content level of Mg0 aanaparticles. Relatively
larger improvement in J, was observed with the inclusion of Z0nm
rather than 40 om MgQ ranoparticles in (Bl sPby Sr:Ca:CisQiol/ AR
tapes. Therefore, the smaller see and Tow contents of MgO nano-
paticies was found best for fivx pinpiag in (Rig Pbo,SrsCasCuaDsa)/
Ag tnpes. The effect of M0 nanoparticles addition an the phase for-
marien and the superconduciing transport propertics of Bi2223 phase
was jovestigated [15]. It was obsarved that the MgO nancparticles
present st e grainhoundaries scted as barriers and hindered the grain
growrih.of the boxt BI2223 phage Tt was alse reported that there was no
chemical reaction ocured between Mgl nanoparticles and BiZ2Z3 sir-
perconducting phise, [r-wam also noticed that MgQ nanoparticles were
not doped in 1o the crystal stroenure of BI2223 superconducter. The
maximum supercurrent density waz found in the sample with 15wr5%
of MgO nanoparticles, The excestive addition of MgO nanoparticles
jnduced large agglomeration among the grains of tre host Bi2223
matrx, which deteviorated (he quality of the samples. The: ulire-fine
Mﬂmmﬂmmdwmmmummm
were added in Bi-2212/Ag tapes [16]. The addition of MFO auno-
particlez fn BI-Z212/Ag tapes hag imprived the infield supercomducting
trassport properties by acting as additlonal artificial flux pisning cen-
ey, The microstucrure and infuld J, of Ri-2212/Ag tepes were
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Tuning of dielectric properties of (Zn0),~(CuT!-1223)
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ARTICLE LNFO ABSTRACT

Article history: Zinc wdde (Zn0) nanopartickes and CoasTlasBataCusie_ g (CUT-1223) superconducting phiase were
Recelved 14 November 2015 prepared separately by sol-pel and solid-state nacton, respectively, Zn0 nanoparticles wete mixed with
Recelved in revised farm CuTi-1223 (o et (Zn0){CuTh-1223}; x=0, 05, L0 asd 15 wik sangparticles-supercondicior composites,
’M-'mgﬂmm which were characterized by different experimoental technigues. There was on change observed in crystal

structure of host CuTl-1223 phase after addition of 200 nangparticles, which provide a clue dboul the
occupancy of these nanoparticles at the grins-boygndaries The incnsion of Zn0 ranoparticies was found
J to reduee the voids and to imgrove the inter-grams connectivity in the host CuTl-1223 phase. The zero
(Zn0Ok-£aM-1223) nanopartices-supec- nesistance critical lemperature {Tog..of K} was Increased by increasing we addition of ZnO nanoparticles
COARor Composites diefectric properties of

Strwctural co in CuT-12723 matrix. The these samiples Le, diglertric constants { £ £, and diekectric
mm’m"’m logs (tan 8). were determined by experimentally measuring the capacitances () and conductanie (6) as 3
Ddihecrric properties function of frequency at different sperating temparziures. The values of dieleciric parumerars were de-
) aeased witl the inorease of frequency and become constant at certain highet frequency values, while the
values of these paramefers wers increased with Bhe inrease of operating tamperature values, So, we an
tune the dielectnic properties of GuT-1223 supercondusting phase by varying the content of Zn0 nang-

particles, frequency and operating temperature.
© 2016 Elsevier Lid and Techna Group Sl All rights reserved,
L Introduction polarization {a,) can occus in the range of frequendies from 10° to

The materials with giant dieleciric constants can play. o sig-
nificant role for microelearonits growth doe ta desire of smatler
and rotust devices such a5 capacitor and memory devices I'11. High
vatues of dielectric constants have also been observed in high
tempemture supercondyctors (HTSCs} [1-3]. There are four pri-
mary mechanizms of polarization in materfals on basis of the
frequency of extemal applied ac-fiald. tons and electronic douds of
atbms ¢an be shifted from their equilibvium positions, which can
be observed in electronic polastzation (.} This type of polariza-
tion has been abserved in solids at very high frequencies of the
erder of 10 Hz (Le. in ultraviolet optical rasge), Atomic and Tonic
polarization, (@), which can be originated from combined dis-
placement of fonic charge and #lectronic charge distributon This

type of polarization can be observed ¢ fequencies in the range of
10" to 10" Hi (ie. in infrared optical range). Dipolar or oriental

Corresponding arthor
E-tringf qebilvoss> avnuont 27 5@y ahoo.com [M, Mumaz),

Wiepjfid douots) 1. 10 U6]j e raminn 2016 DA 0t s
0272-9842)9 2016 Elsevier Led and Techna Grious S0, Al vights rebefyved,

10° Hz (i in sub-infraved optical rangs), This type of polarization
can normally be observed at lower frequencies due 1o shorter re-
laxation times. Jnterfaclal polarization (@) Is mose sensifive in low
frequéncy range of 10° Hz and may extend to few kifz [4-8]. A
short-cange motion of charges in all these polarizations can-
tributey 2o the total palanization of the material The dielecwic
propertles  of CugsTlosBaCagli0p_ s (CuT-1234)  super-
conductor were investizated [n frequency range from 10kHz o
10 MHz at different operating remperatures from 78 K to 290 K
and negative capacitance (NC) was abserved. M. Muintaz ek al, |9]
compared the dielectrit constants of CuTl-1234 phase with thase
of TI-2212 and TI-2223 phases. They obsarved larger dielecrric
constant of double layered Ti-based HESCs as compared to single
lsyered CuTl-based HTSCs, The dielectric properties of {Cu0, €20,
and BaD)/CuTi-1223; ¥=0, 5, 1, and 15 wiX nanoparticles-su-
perconductor composites. wene also studied in frequency range
from 10 kHz to 10 MHZ at different operating temperatures from
78K to 300K, The decredse in dielectric constant and iacrease
in ac-conductivity was foued 3t all operating temperaiures
with minimum frequency of 10 KHz [10], It was gbserved a gradual
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Abstract Sol-gel and solid-siate reaction meshods were
nsed to synthesize dizmond oanoparticles (DNPs} and
[DNP8)LCuT1-1223 (x = 0, .25, 0.50, and 1.00. w1.%)
aanoparticis-supercondacior composites, respectively, Effects
of these DNPs op structural, morphological, compositional,
and trapsport propertics of CuTl1223 superconducting
pbase were investigated by different eaperimental tech-
pigues such as X-ray diffraction (XRD), encrgy dispemive

X-ray (EDX) spectroscopy, scanning electron wicroscapy

(SEMY, and resistivity versus temperatues (R-T) measure-
ments. The unchanged cfystal structure and stoichiometry
of host CaT1-1223 supercanducting matrix with additioa of
DNPs gave cvidencs about the dispersion of nanoparticles
at the grain boundaries of the host matrix, whigh may heal
up the inter-granudar voids and pores resulting in snhanced
inter-grain connectivivy. Critical transition temperature T,
(¥) and hole corcentration of CuTl1223 snpercomductor
were observed to be increased with addition of DNPs up to
@ cenzin optimum value (e, x = 0.5 wo'%).

Keywords (DNPs),/CuT)-1223
nanoparticle-superconductor composites - Dismonds
nanoparticles - Superconducting properties
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1 Introduction

High-prcssute synthesia hmposes limitations ® the use of
high-temperaturs superconducturs (HTSCs) at commercial
level. CunsTly sBayCag_Cty Ogeps—g (CaTl-12(n—1m);
# = 2,3, 4, ;:. supetconducting family is of great interest
forresearchers due 1o its easy synﬂlemhuﬂ\atamhmntand
high pressure. {Cug:sTh, 5)BaaCagCugOyg_5(CuTh-1223) is
the most attractive phase of CuTl-based supercondocting
family due w bow anisowopy, high critical current density
{J). and high critical transition emperature (T;) [1-3). The
cuprate HTSCs are granular in nature and exbiibit weak
inter-grain conncetivity, which limits their performance [,
5] Besides the demesits of intér-grain voids and pores
present in cuprate superconductors, they have some mer-
its also, just like these spaces serve as natural flux pinting
centers when external magnetic field is applied. So, it i
impoctant o address the ioter-gain weal linkages by keep-
ing it in mind that img@evesment. in inter-grain connectivity
should nok zappress the flux pinning ability of the super-
conducting matrix. One of the most effective methods in
this regard is to embed nunoparicles at griin boundsries,
which could enhaince e graims congectivity and also act as
effective artificial pinning centers (6-11].

Nanostructures of different raterials such as didmond,
$iC, BiQy, and CNTs were added to YBayCusQr_s copraie
superconductor, and their effects were investigated [12-
15]. Critical current densitisy and pinging energies were
enhanced with doping of diffcrent voncentration of these
nanostructures. Critical wemperutire was increased signif-
jeanily with addition of CNTs while a small suppression
was observed in case of carbon and SiC panostructures.
The effects of CNTs' addition in Bi-2223 and CuT1-1223
puperconducting matricey were also explored [16, 7). I
was observed that superconducting volume fraction and cell

%Y Spiinger
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ABSTRACT

The effect of silita (5i0,) matrix with different concentrations (Le. % =:0; 20, 40 end 60 we%) o styvetural,
morphologieal, opeal arid didectri¢ properties of hyematite (2-Fa;0y) sangparticles war (nvestigarnd. The uz-
coated and llica-coared a-Fe, 0y nanoparticles were characterized by Xy diffeaction (XKD, 1canning stecuwon
microseopy (SEMD, diffase reflectanoe spéctroscopy (DRE), Fourler wansform infrared (FTTR) spuctroscopy. The
frequency depetd@d ditlectric properties of ustoated and ailica-costed a-FazQs hanoparticles were also in-
vestigared by LCR metir, The size of a-Fez 04 nanopartiass %as redured from [8:80nm to 16.71 nm with in-
trensing paccantuge'sf slica mards, The exystaliinhy of a-Fey0y nanopeastices was mpprested with incressing
conzepts of silica due to veduced particle size ad amprphous nature of silica maTix. Seanning elocroon ml-
crescopy (SEMY revedled sphaically shaperd oy 0 isannparticles. In FTIR spectra, diferen) boods of hasarie
rianoparticies, $H=0H and S~0—51 were obyerved at 418 and 524, 854 apd 1136 em ™1, respectively. The direct
band gap wat increated fom 1.91 ¢V tp ] 95 &V and the m-direet bund gap wias decreased from 1.7 6¥ (o
IﬂaVﬁwmmmdﬂmkWﬁmmmlmmhme&wm

stractural, opfical #nd dielectric proparties of p-Fey0y nanopariithes.

1. Inwroduction

Trun axide nanppaciitics are abundantly present on earth with six-
teen different forms [1]. These ron oxide nanopavticles got so much
strention of scientists and engineers over last few decades due to their
supvemie and unigee dleciric and magnetic praperties. Thete magnetic
nemopacticlet hive differene impaortant peopertiss soch as high mag-
netle eocvepdbility (y > 00, high coercivity (. ~ 300 0e) and low
Curia temperature (T, = 928 K) [2]. These magnetic nanoparticles are
befing widely used in various applications such as data storage, mag-
netic fluids, biotechnology, catalysis, biomedicine, hyperthermia,
magretic resonance imaging (MRD). pagnetic opdeal devives, drug
delivery, lithium ian barteries, separstion and purification of binale-
cular field, water parification, life sciences ag wall as engineering fields
[3-11]). We have preferred hematite nanopsrticles among iroa oxide
naopartitles due \heir better conduetivity, band gap and magnetic
effects than other form of fron oxide panoparvicles. New phepomena
hive bean gbserved] in thess nanoparticles dve to change of electric and
magmetic properties, when sizg of thesa nanopartizies is decrensed w
few manameters, Hamatite nanoparticles exhibit novel properties like
glant magnefo-resistance, coercivity, evc., which make thern promising
1o thelr butlk countsspart [12-18]. High surface t< volume catio, greater
exhange of lony, surface raughness end breaking of symmetry ere soms

* Gotrespoimling author,
Pmpll addese: mnummmdumnpl. (M Musmbaz),

Invgss Akl R VG AGRE- surfin 20080201

causes, which make hemative nanoparticles diffenent B thelr bulk
materfals, Hematite nanoparticles exhibit three critical rempesature
regimes Jike Neel, bloding and Morig temperstures {10-22(. Keal
transition is chserved nommally at T, = 960 K and hematite show weal
ferrpmagnetism  below Neel (empersture to Morin Lemperaiure
Tw=263%; dug to slight spin outside basal plane [23]. And.
ferromagnetic trdéciny is observed befow Motin temperature due i
spip rotadons. The symthess of hematite napopartcies with requined
cryssal siructure and controlled properties is sl a big challenge, Ha-
milite panopaiticlesare normally coated with chemicafly stable-dhell of
silica In order to profect from thermal and chemical oxidaticn and to
get desired properties of these nanoparticles (24]. Siliea is being widely
usad a¢ 3 matrix for magnete nanaparticles to aveid. from aggiomera-
‘tiams. More over silica §s used (o ncrease chemical and thermal stabi-
{ites fram seeping fa an acid enviconment. Kopanja et al synthesixed
hematite rafoparticles by wing silica matriv -end studied different
properties of silieacoated nanopanicles [2]. They observed an im-
provement in magmarie propertiey die to incredse in surface spina.
Ziyadi et 31, prepared hematite nano-fiber using aillea shefl [25]. They
observed high magnetzation (14 emu/g. in case of saraple with Si0y
and 20 emiy’y in case of pure sample) and low ctercivivy (390 Oe in
case of smple with SiD; snd 400 0e (n case of pore sample) in these
nanopardcles due to silica coating. Tadke ot al. obeerved that silica
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Abstract Maghemite {y-Fez0;) nanoparticles and the
{Cua s Tlas)BayCagCusOgy (CuT-1223) superconduci-
ing phagse were prepared separately by sol-gel and solid-
siate reactions, respeciively. y-Fo;0n nanoparticles were
added into the CoTI-1223 superconducting phase to get (7~
Fe103), ICuT1-1223, where i = 0-~1.25 wi.% nanoparticle-
superconductor composites. The structural, morpholbgieal,
and superconducting transport properties of these com-
posites were investigated by using different experimenial
techniques, X-ray diffraction (XRD) of these compos-
ites revealed thar p-Feg(s nanoparticles have ot changed
the grystal structure of the host CuT1-1223 supercemdice-
ing phase, which has indicajed the occupancy of these
‘udnoparticies at grain-boundarizs. The grain morphology
was improved. due o change i reaction thermodynam-
tcs with addition of these magnetic nanoparticles. Supes-
conducting trangport parameters of the CuT)-1223 phase
were erhanced up to 3 certsin optimum Izvel of ¢-FegOy
nanoparticlé comtent (Le. x = 0.50 wi.%) fallowed by
systematic suppression, Different microscopic supercon-
discting, parameters were deduced ffom resistivity versus
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[olgriic Univeasivy (TILT), Islamabad 44006, Pokistan

3 Nanomagnetjem and Nunotectinology Laboganry,
Depacvent of Fhysica. Faculty of Basic sl Applied Scisnces
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temperature experimentaldata of (y-FezO3)./CuTl-1223,
where £ = 0~=1.25 wi% composites by. using different
theoretical models,

Keywords (y-Fez03),,/KCuT)-1223 composites : Crystal
structure - Morphology - Superconducting, properties

1 Introduction

High-temperarure superconductors (HTSCs) are still exten-
sively chatacterized in ordex to voderstand the mecha-
nism of high-7; supsrconductivity, Among the HTSCs, the
{Ceu 5Ty s)BazCayCuy0yyy (CuTI-1223) phase has the
highest critical parametérs such as 3., Ju and J; after
Hg-based soperconductors [1, 2). The synthesis of CuTl-
rased superconductors st ambient pressure makes this phase
a potential candidate among differcnt supercondinciors (3,
4). But these materials in bulk form have a large num-
ber of micro-defects, mter-grain voids, and pores which
Iighly affect the pesformance of these materials [3, &]. In
urilex to enhance the superconducting properties of euprate
HTSCs, different techniques, such g chemgical deping and
ion iradiation, were utilized, bot the inclosion of different
nanostructures at the grain boundaries 1o beal up inter-grin
voids, cracks. and pores was found to: bs very useful [7.
8). However, the selection of nanostructures with appro-
priete sizes. their uniform distribution. and their nature are
the real challonges in this area of research [9-12). Ther-
modynamic. fluctuations play a ey role in affecting the
superconductivity of HISCs. Yortex motion in the presenice
of applied magnetic field is another characteristic parame-
ter, which highly affects the overall superconductivity of 9
given material, Infield transport superconducting prapertics

€] Springer
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ABSTRACT

Infield supereandocting peoperties af {(Ag)/CuTE-1223): (x = 0, .5, 1.0, 2.0 and 4.0 v %) eanopartides-
supercondadior contposites were investigired under diffecent applied magrictio field up lo B =8.T. The incresse
in crideal temperatire {T.{0)} and docrease in novmal state rexistivity (p..)mabm'vldwith increusing

ARTICLEINFO

Ketnwords:
Wwwﬂf-

mm contexiis of Ag nanoparticles in CnTl-1229 superconducting matrix. The vilfue of T (K) pentained ahmoet

g"“ﬂ uafferted by applying external msgnetic Reld, bt a datreasing trend fn T, () was sbeerved by increaxing the
valog of external applied magnatic Geld. The fansiton region heloge T,°2* (K] showed Arrhentus behavior dise
tn thermally activated flow of magnebin vorticas. Enbancemant in Bux fow acthvation eocergy (U,) and
suppression in tansition width (AT} of CuTH1229 phase with addition of Ag nmppasticdes showed the
improvement in flux pinning strength of sepercamdocter.

L, Introduction information sbout critica]l magnetie fiekt {T, (0)}, critieal flad (K,

The high tempersiuve anpercanductors (HTSCs) are edensively
studied doe fa large aumber of technological applicstions. Bat their
mmmmmwmm
degtruetion of state in presence of applied external
magnetic feld is one of themi (1), The existence of vortex state in
HTSO makes them different from conventionsl low temiperatire
supercimdncioss, The vortex is simply described 8 & lne of magnetic
flux surrewded by whidpoels of elocirie cierent (7).

The voriex dynamics is extensively studied bo estimate the energy
Joss in HTSCs in the presence of external magnetle field. The gradual
decrease n Gismagnetic behavior of supertonducines, penetration of
mﬂﬂuhmtmﬂmmmefumofmm The
bunﬁhru{ﬁ-—bx%]}mwdby\mﬁms,whensuper-
emdmwﬁuhjmme!aﬂ:hmtwhmhhnahthmﬂu
dynarmiva and soergy dissipation. We can divide energy dissipation in
two distinguishable regimes pamed as fiwx creep and free fix flow
{FPF}. Flux creep gets activated when U, 5 5 kT while in contrast FFT?
vocurs when U, ke [3-5]. Both of thess regimes sre normally asshl
in case of low temperastore superconductors (LTSCs), while the
thermally acviveted fux flow (TAFF) introduced & new aspect af
HMTSCe 16.7]. So. oversll vortex dynamits tn HTSCs gives wsefud

" Peer review ndir responsibity of Clinsse Maberials Research Sosiety,
* Correwpomding adthar.
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eritical carrent demsity (J.), andd activation energy (U,), Moreover, iwo
importaat phases acooriding to (TAFF) model are solid vortex-lattice
phase which exists in the regioa of lower critical figld (), while the
gecond s liquid vortex phase which exists below the upper critical field
{Hz) region, In liqpid vortex lattive, the vortices begin o penetrate snd
upper eritical field (H.;) can be marked by the tota] liss of super-
condeivity due © overlapping. of vortices, Theorstical models and.
experimenial technicues Bave been extensively used to study the vartex
dynamics in HTSCs [8-104

Only a few mubes-of researel groups attempled to enhance intere
£rain coupling and fiux pinning capability of CuTl based HTSCe by the
inclusion of varigae nanoshroctares [§ [=15]. In this research artitle,
we presamtad the effect of addition of Ag, nangparticies on fhax pinning
ability of CuTl-1223 supervonducting matrix. We calculated super-
mmin&ngpumﬂmmmmuw%ﬂg(nim&mbym?m
mude], Werthamer-Helfsnd-Hohonberg (WHH). dud Ginzburg-Landan
{BL) formulas.

2. Experimental details

(Ag),/CUTI-1223; 3 = 0, 0.5, 1.0, 2.0, and 4.0 wt % Ganopasticies.
superconductor composites were smthesized by solfl-stte teaction,
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ARTICLE INFO ABSTRACT

Wi srudied \ko surface spiny daeiar in aneodted md sile [510,) coated maghemite (v-FeaGa) nanoparticles,
using tempetatore and time dependent magnatization. The sverage crystailive size for Si0, coated and uncosted
nanoparticles was about 12 and 9 nmy, ra@pecily. Scanning slectyon microscopy (SEM). showed tivat the
sunopaniieles are spherical in shape and welk separated. Temperature scans of zero field cooled (ZFC)/feld
ocoled (FC) megnetizotion mensorements showed lower swersge blocking tempermture {Tx for 30 comted
miaghemits nangparticlss A8 compired to unooated mEnopartidés. The safuration magnetization (M) of 810y
coated maghemite nanoparticlsa was alao lower than the ancoated nanoparticles and is stiribated to ameiler

average orywtallite size of Si0; eoobed nansparticies. For satavetion magnetinstion ve. temperatore dats, Bloch's
mmman[om-m was fitted well for both uncoaied and Si0; coated aancpurticles and yieldn B
=3x107 K, he222 and B=0.0127 K* k57 for unrpated and S10; costed manoparticled, respectivily,
Higher valus.of B for §i0 coated hunoparntidles depicts decresss In excliangs coupling dus to enhanced surface
spins disorder (broken surface bonds) an compared fo uncasted paneparticles, The Bloch's exponent b waa
decreased For 5i0; coated nmmopartieles whick 5 das to their smealler svarage crystallite size or Goite size effetts.
Furthermars, a chavp incresse of eoercivity at low temperarres (425 K was observed for 3i0; coated.
nanopazticles which k& also' due to contribation of ntreased soxfrice sniscoopy of frozen sustiace apins in thew
amilley namoparticies. Thie FC magnetie refaxation faea wa btzed to sieetehed exponential tesr which revealed
dlower magaetl relawstion for 507 corted nanoparticles. All these measurements revealed smiller average
erystaflite size and enhanced surface sping disorder in 310, chated nanppasticles than in uncoated v-FeOs
napoparticles.

1. Introduction

Iron axide nanoparticles have heen extensively studiad over the last
few decadey and continue to maintain interest dua o fheir potential vse
in wide range of disciplines lneludmgmagneticﬂmds.embai&
biotechnology, Blomedicinie, magnetic resonancs imaging, magneto
aptical devices, deia storape, amd environmental remediation [12].
Amang the three main oxides of iron oamely maghemite (y-Fep0s),
magnetite (Fe,0.) and hematite (o-FeoOs) y-Feéu(ly nanoperiicles
m?ﬂhmbmmmdmempmmngmm&mw
applicatiosm due to their nontaddty, biscompafibility, eco-Briendly
perfertminee, telatively Tow cost thermal and chemical stebility. Their
properties depend upon configaration, mmnealing tempersture, particla
siz;, end doped materials, Bulk y-Fea,; is a ferrimagnetic material st
mom tewiperattre with a Curig tempecatore (T of 928K and bas

* Correapontiing autiror.
Emuanlf adilraget Eash piniranet uadnnk (K, Nudwir),

LD f 7t ke 2 LK o) iOVTER 0 L7, RS

spinel strocture similar to msgnetite buy with, vacancies in the cation
sublattice. Two-thirds of ihe sites are flled with Fe (ID) jons arranged
regularly, with two filled sites baing folloved by one vacant site (B-77.
Haneds and Morrish [5) found that- the deares of vacancy ordering
decredses with decrsasing particle gize, with no vacancy ordering in
maghémita nanoparticles smaller than dbowt 20 nm. Magherite
nanoparticden lso exhibils spin-glass state due to the presence of
vacancies, interactions among spins loezted on tetrahedral and octahe-
dral sites and beoken bonds on the nancparticle's surface [97.

Tron oxide nanoparticies have high sorface energy as a result they
tenc! 1o aggregate b as to minimize the suriaee energy. Therefore
prividing proper surface todting snd developing some éffectiva priotec-
tion sirategy to heep the stability of magnete iran ozide paneperticles
b very mportant for practca) spplications. It indudes costing with
aurfactants; polyery, and biomolecules, or coating with en inarganic
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Tuning of Dielectric Parameters of (NiFe;04),/CuTl-1223
Nano-superconductor Composites by Temperature

and Frequency
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Abstract Nickel femite (NiFezQ4) nanpperticlés and
ConsTlo sBayCasCualhe—s (CoTi-1223) supercandpctor
were prepared separstely and then mixed in an appropri-
ate ratios at the final stege to obtain (NFe; 04),/CuT)-1223
{x = 0. 0.9, and 1.0 wi%) nano-superconductorcompositss,
There was no significant change observed in crystal gmac-
twe of the host CuTI-1223 superconducting matrix after
the addition of NiFe104 nanopasticies. The value of zero-
resistivity critical tomperatare (Togr-aj (K)) was decreased
with increasing content of thege nanoparticles in these.com-
posites, Maximum values of dielectric loss tangent {tan§)

af Jowes: possible frequincy of 40 Hz were increased with
the increase of operating temporatere. while ifs values were
decreased and become alimost zero & higher frequencies for
all these tamnples ar all operating temperacures. A peek in
dielsctric loss tangent wes shifted towards lower frequency
values with the addition of these nanoparticles in CuTl-
1223 supercondueting matix. The dielectric loss tangent
peak was also shifted towards lowet freguency values in all
these samples with ineressing opemting temperatore, which
shows the relaxator-like behavior in these samples. The
dielectric parameters of these composites can be tuned by
frequency, epersting temperatures, and nature and content
of these nanoparticles.
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oimumiter 75 @ yshiv.com

L Malerils Resesrch Laborakwy, Bepaniment of. Physics
FBAS, Intecnationsl Islamiz Univiersiny VI,
Tshwmrahay 44000, Paldsn

! Contral Digneséic Laboeatory, Physics Division PINSTECH;
P.O.. Nilore, fxlomatat 45500 Rakism

Keywords (NiFer04),/CuT1-1223 nano-superconducior
composites.- Swuctural properties - Superconducting

1 Introduction

It is well knowa that thers are four primary mechanisms of
polartzation in maseriale

i Electronic polarization (o), which can be observed at
very high frequencies of the order of Y0'9 Hz (Le., in
ultravivlet optical range),

ii Atomic and ionic polasrization {a,), which wkes place
axme&aqmmcsnnﬂnemngeoflﬁ'"w 10" Bz (ie,
in the infrared optical range),

ifi Dipolar or oriental polarization (i), which occurs i
the range of froquentics from 107 to 107 Hz fi.2.. in the
sub-infrared optical range). and

iv Interfacial polarization (o3}, which is more sensitive in
ths kow-frequency range of 1P Hz and may extend to 3
few kdlohertz range [1-6].

The short-range motion of carriers in'the above mentioned
mechanisms contribute (o the total polarization. The interfa-
cial and dipolse or oriental polarizations motly contribute
to the diclectric parameters of these composites. Diclec-
ric parameters become: saturated at high frequencies at
all dperating ténperatares {1). The mobile charge corriers
are gecumulated at the barrier creating localized polariza-
tion [6]. The exploration of dielsowic parameters over the
broad spectrum of wmperaburs and frequency i¥ very signif-
icant [7), Dielectric parameters ¢ be adjusted by varying
the nanoparticle contents in (MIFey0,)/CuTi-1223 com-
posiies thal fusnage the carrier dengily in these maierials
[8-12].
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Flux Pinning with Addition of Gold Nanoparticles

in CuT1-1223 Superconductor
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Abstract We investigated the effects of gold {Au) panopar-
ticles-on fux pinning in.Cug 5 Tly s BazCazCuz0pn s (CoT-
1223) supercondugtor by infield teniperatare-dependent de-
resistivity measurements. The vatues of TV (K) remained
almost unaffected by applying external roaguetic field on
(A€)/CaTI-1223; (x = 0~L1.5 91.%) compotites samples.
But a decyeasing trend 0 T(0) and increasing trend in
resistive broadening (AT) by increasing external applied
magnetic field were reduced after addition of Ao nanopar-
ticles in CuT1-1223 supercoaducting matrix. The activation
energy (Uy) was calcutated according o thermally activated
fux, flow (TAFF) model by vsing the Arrheniys Law, The
increase in T,(0), o, and upper critical field (H,z) indicates
a strong flux piming after the intlusion of Aw nanoparticles
and foupd optimum for x = 1.0 wi.%,

Keywords (Au)/CuT1-1223.composites - Activation
encrgy : Flux pimning ~ Critical ficld

1 Intraduction

Ong of the most vexing hindrances has been the oblitera-

tion of superconducting state under the influence of external
applied magnétic field, which i€ very crucial for many

A M. Mumraz

mnameea?S @yshoo.com
! Materials Rescarch Laboratdry, Departnent of Physica FBAS,
totemationa) kdwmie University (Y1), Edamiabad 35000,

Published caline: D5 September 2016

envision applications pf superconducters [1]. Weak fox
pinning ir bulk bigh-temperamre superconductors (HTSCs)
with external applied magnetic Reld is the major cause of
decline in eritical Supércondutting parameters like critical
temperature (1.), cnicat field (#;), and critical coment
density () [24), |

The main source td understand the vortex. bopping and its
interaction with structural defects in type I superconduc-
tors is the sudy of vortex dynamics. The obscrvations show
that when the magninude of the exwernal applied magnetic
field incresses from certain critical values, the Meissener
effect stars 10 decroase and magaetic field lines start to
penetrate inside the superconducting: material in the form
of Abrikosay vortices, The agency for vortex movement is
the Lorentz force fy = Lfe(f x ®.), which cavses the
energy dissipation and thermal fluctations in siapercon-
ducting matertal [5, 6]. Thermal Avciuations boost np due to
large anisc¥ropy and presence of crystal imperfections, The
discernible segimes of energy dissipation are flux creep and
flux Aow, When the pinning forces are dominated, then flux
creep is activated (I, > kpT) and when Lagrentz forces
are dominated (I,~ kgT)} then Bux flow occurs [6-¥).
The required activation energy for flux metion can be
estimated from do-resistivity measurements {9, 10]. The
important superconducting propesties like T, Jo, &y, vor-
ex flow, quantized flux, ete., can be investigated through
informative vortex dynarhics,

Different experimerital techiriques have been used to
aveid the vortex motion -and to: imiprove. the infield super-
sondacting properties of HTSCs but only few groups have
aempted w improve the Aux pioning and inter-griing
coupling by the inclusion of different nanostructures in
bolk HISCs [{<i4]. In the present work, we have tricd
to explofe the vortex dymamics ky analyzing the cosistive
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Dielectric properties of (Zn),/CuTl-1223 nanoparticle-superconductor
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Abstract: Zinc (Zn) nanoparticles and (Cug 1Tl s)BaCe;C0y0 s (CuTI-1223) superconducting phase
were preparéd separately by sol-gel and solid-state reaction methods, respectively. Zn nanoparticles
were added i CuT1-1223 superconducting matrix with different weight percentage during the final
sintering process to obiain (Zn)y/CuTl1223 (r=0-4 wi%) nanoparticie-superconductor composites,
The effect of Zn nanoparticlés on structural, morphological, superconducting, and dielectric propertiss
of CiTh[223 phase was investigated. The addition of these Zn nanoparficles has not affected the
erystal stucture of host CuTi-1223 superconducting phase. Supercondacting properties were
enhanced afier the addition of Zn nanopasticles up to certain gptimnm content (i.e.. x = | wi%), which
were due to improved inter-grain connectivily by healing up of micro-cracks and reduction of defects
like oxygen doficiencies, etc. The activation energy (L) was increased after the addition of Zn
panoparticles in CuTl-1223 phase. The dieleciric properties of these samples (i.c., dielectric constant,
dielectric loss) were dotermined by experimentally measured capacitance (C) and conductance (&) ag
a function of frequency at room temperature. The addition of metallic Zn nanoparticles in CuTi-1223
matrix has oversll suppressed the diclectric pamamsters of (Zo)/CoTI-1223  nanoparticle—
superconductor composites. The metallic Zn nanoparticles played a significapt role in inter-grain
couplings by filling the voids and pores.

Keywords: (Z2),/CaTl-1223 nanoparticle—supereonductor composites; dieleciric properties; astivation
energy

1 tntroduction

One of the most eminent phase of {Cu,_,Tl,)Ba;Ca,,
COprris  (n=2,3,4, %) high remperanire
supercondocting family is (CuqsTles)B&CaCit0)04
(CoTi-1223) [1]. CuTi-1223 superconducting phase has

* Correvpanding quthar.
E-mail: mmusary5@yabon.com

long cohesence lengthr dlomg c-axis (£, ) {2], lowr
superconducting atisowopy { #=&,/E ) [3], small
penetration depth ( 4 ), high zero resistivity critical
temperature {(7,(0)), high ireversibility field (X, ),
and high critical current density (.7, ) [4.5). The
performance of bulk high temperature superconductors
can be severely affected by intergin voids,
micre-cracks, and poves [6-8]. Different strategies have
been exercised to minimize the voids and pores in
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ABSTRACT

InRuenioof slica (5103) onatig orcenration [x) = ©: 15, 30,45, and 60% we sorvrural, distecaric, andrnm
properties, of maghemita nanopardcies has been studied. X-ray. diffmction analysls confirmed the cublic inverse
spiried structe for dhre samples with 1 = 0; 15 aud 30K, while x = 45 and 5% samples show amorphions behav-
Lot Bath average crystallive stze and lartica constant wem decreased with 510, concentraton. Scanning electron
microscopy inages showed that the nanopartices are sphecival in shage and sebf-organized in beaf-tike shape.
Fotrier fransform frared spectimscopy analysls confirmed the farmation of maghemite and SiD, phases for
4l the satnpies, At highar Sif: oancentration, yituational bands of maghemite were suppressed and some
bands overkappeed with rhe 5i0; hands. Dieleciric paraneters such a» dilectric constant and loss tangent were
decreased with inzreasing frequency amd became constant a¢ higher frequencies. Hawevar, a¢ condueriviy
shmﬂmopmummmuﬁimsathwmmdmmpmmmﬂphm
using Koop'sand Maowell-Wagner modets, Nanoparticles with x = J0XSiOy concentration showed the hiighest
diclectic constant with reduced magustization. Diclecric praperiies also showed nan-monotanic dependeocy
on the $i0y concenivation. Bam nanaparticles gat high samirdtion maghedzation close or bulk vatue due to larger
average crystallite stzewhide, nanopartiches wed Nighet S0, concentration exhibived smafler magnedzaton and
higgheer foefvity which is atributed to thew smalliy svarage crystallite size. n summary, Si0-, conceniTations has
signiftcant efflects'on the stryctural, dizlectdc, agrd magnetic propefties of maghemite nanopartiches and can.be

wsed to get suitable ferrlee/510; nanocomposites for different applications,

© 2014 Glsevier B, All righis reserved.

1, Introduction

iren-oxide spinel ferrive nanoparticies and their composites ane
interesting marerials due o their patential apiplication | ¢ ] Structural
and physical properties of the nasopasticles can be controlled by differ-
ent parameiers such 3s synthesis- mechods, chemical composition;
surfare coating and reaction temperature [2-4], fron-owide nano-
particles ase ferrites witls different phases depending upon the anneal-
ing tempergeure |5 Oxygen or hyvdmxbde lons play an impeant
role for the formation of strurture in iron-gxite nanopacticles.
Different phases of iron-nxide nanoparicies have different physécal
properties |6.7). Maghemndte-(y-Fe30y} nanoparticles ave ferrimagrietic
in nature and can be used for remote sensing, in catalysts, for storage
devices, as MRI contrast agemt and Cargeted deug delivery [6-10L
Maghemite has spinel ferrite struchare with bwh possible fattice sites
such as tetrahedral and octahedral 111, 12]. Maghemite and magnetice
Fiave the same structure with deficit of Fe t2 jons in maghemite with

¢ Comerpandig auhor. Tel: +92 519015714,
£-med oddrers: keshitnadremiiaetupl (K. Nadeem).

hivpstrdn dohoss. 10,16 Bifmoncrysal 21 107,736
OUGZ-30934% 2014 Bisewes BV, AR Hiphos resprved.

formula (Fei ¥ ajFeddidn 2 |s0hz whete A and B represent tetrahédral
and octahedral lattice sites, respectivily, and & reprssents vacancles at
the oceahedsal lattice sites [ 12§, Maghemite nanoparticles are very sen-
sitive to the anvesling temperature and can change their phase within
small temperature range g.g . maghemice {0 hematite phase ansition
usually crours between 400 “T and 500 “C due te change of oxidation
state of the mystem [13]

At nanoseale, ferrite properties depend upon synthesis technigues;
chemical composition, annealing time amviealing temperature, particle
size, and doped material. Also the intarpacticle intatactions between
the magnetic nangparticles can modify their individual magnetic
behavior. Bare magnetic nanopasticles usually show agglomeration
and mtst be coatad with pon-magnetic maverizl o avoid interparticle
interactions |14,15). Different techriques hava been usad for coating
nanopartickes to increase their stability and fundienaity | 16,17], Ron-
magnetic S0, is an important esmpennd ased for coating purposes o
prevent agglomeration, improve chemical sability of the nanoparticles
and biologically friendly for wargeted drug delivery 18|, The 5i0;
cOALING alka plays an impotra rele o get chemicalty fimetionalized
surface of magnetic jron-oxide nanoparricies, However. 510; can
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