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Abstract

Abstract

(CugsTlosyBaxCazCuzOps superconducting material and alumina (AlO3)
nanoparticles were synthesized by solid-state reaction and sol-gecl method, respectively. Al;Os
nanoparticles were mixed in appropriate ratio to CuTI-1223 matrix to obtain (Al;O:)/CuTI-
1223;x =0, 0.5, 1 and 1.5 wt. % nano-superconductor composites. Structure and phase purity
of AlOs nanoparticles and (AlO3)/CuTl-1223 nano-supcrconductor composites were
determined by XRD, SEM and EDX techniques. No change in crystal structurc of parent CuTl-
1223 matrix was observed after addition of ALLO: nanoparticles, which shows that these
nanoparticles has occupied the grain-boundaries. Thc morphology was examined by SEM
images, which showed the presence of spherical and irregular shaped Al203 nanoparticles at
the grain-boundarics of CuTl-1223 matrix. The presence of Al2Q3 nanoparticles has reduced
the voids and has improved the inter-grains connectivity. The mass percentage of different
etements in the composition was determined by EDX spectroscopy. The dc-resistance verses
temperature measurements of these samples were carricd out by four-probe technique.
Measurements revealed that value of critical temperature “T.” was suppressed after inclusion
of Al;03 nanoparticles into CuTl-1223 matrix. The dielectric propertics of these samples (i.e.
dielectric constant, dielectric loss and ac-conductivity) were dctermined by experimentally
mcasured capacitance (C) and conductance (G). Phenomenon of negative capacitance was
obscrved, which may be due to lower Fermi levels of ceramic superconducting sample as
compared to contact electrodes The addition of Al>0; nanoparticles in CuTl-1223 matrix has
changed the negative values of dielectric parameters irregularly which is associated with non-
uniform distribution of these nanoparticles at the inter-granular spaces of CuTl-1223 matrix.
The uniform distribution of nanoparticles at the grain-boundaries is the main hurdle. So, we
can tune the dielectric propertics of CuTI-1223 matrix by uniform distribution of appropriate

amount of Al;O3 nanoparticles at the grain-boundaries of CuTI-1223,
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Chapter No. 1 Introduction

Table. 1.1: Materials and their Tc [6).

Material Critical temperature
Gallium 1.1IK
Aluminium 1.2K
Indium 34K
Tin 3.7K
Mercury 4.2K
Lead 7.2K
Niobium 9.3K
La-Ba-Cu-O 17.9K
Y-Ba-Cu-O 92K
T1l-Ba-Cu 125K

1.3.2 Zero electrical resistance

Complete disappearance S0~ D B B D S A S L B
of electrical resistance is one of
most obvious characteristic of .
superconductors. It happens only % 20 )
below critical temperature. In E :Z
order to test zero electrical g 150 E
resistance a small electric current 5

. . 100
18 permitted through

superconductor. If current does

not decay at all, then there exist

ZEero electrical  resistance. 0 IS S S W N S S
S0 70 S0 110 130 150 170 1950 210 230 250 270 2%

Electrical resistance of Ti-2223 Temperature K

disappears below128K [7]. Fig.

Fig. 1.3: Resistance versus temperature.
1.3 represent trend of resistance

with respect to temperature.
1.3.3 Critical current density (J)

The value of current density above which a material behave as normal conductor and

below which material behave like superconductor is called critical current density |, [8].
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It is clear from above discussion that superconductivity strongly depends on critical
temperature (T.), critical magnetic field (B.y and critical current density (J,. So all three

quantities should be tn their critical values for a material to be a superconductor.
1.4  Meissner effect

In 1933, Robert Oschsenfeld and Walter Meissner found a magnetic phenomenon that
revealed that superconductors are not only conductors with zero resistivity but also exhibit
some other properties [10]. Meissner effect is applicable, when a material becomes
superconductor in the presence of magnetic field and an electric current loop appears on its
surface. Such currents produccs the magnetic field that cancel out externally applied magnetic
field, resulting net magnetic field to be zero inside the sample volume, except on surface where
currents resides [L[,12]. These currents can exist forever without loss of any energy due to zero

resistance. Fig. 1.6 shows transition of normal conductor into superconductor

!
!

—
I=1. o
»—
r-
Transition to zero
Superconductor resistance

Fig. 1.6: Transition of normal conductor into supcrconductor.

Meissner effect results from the phenomenon of driven kinetic energy involved in
superconductivity. Negative charges are expelled from interior of superconductors to surface

generating spin current in superconductors [13].
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why low temperature is rcquired for superconductivity. In superconductors current flows due

to Cooper pair rather than single electron.

Resistance of material vanishes becausc of cooper pairs. An electron causes increase of
positive charge around itself inside lattice. As current flows, lagging clectron is attracted due

to positive charge caused by lcading electron.

Positively charged lattice lons

electron m=-3°--- - = — electron

Cooper Pair moving throngh lattice

Fig. 1.8: Moving Cooper Pair.

This theory has been verified with help of isotope effect. This shows that critical
tcmperature depends upon mass of nucleus of material atoms. An isotope of greater number of

neutron suppresscs critical temperature.

BCS theory can be used for investigation of critical temperature, upper critical field and

magnetic penetration depth [16].
1.7 Types of superconductors

Superconductors are classified into two categories depending on their physical
properties, our interest, how expensive is their cooling, and our understanding about them.
Usually superconductors are classified according to their transition from normal to
superconducting state. In superconducting state material expels magnetic field and in normal
state ficld passes through material. Thermodynamic stability of vortex effects a lot magnctic
responsc of superconductor. Vortex stability has great impact on ratio of magnetic field during
passing through vortex core to critical ficld. These findings set new criteria for superconductor

classification [17].
1.7.1 Type-I superconductor

Type-I superconductors mainly contain mctalloids and metals that can show good

conductivity even at room temperature. They require very low temperature to show cffects
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Superconductivity can be destroyed due to application of high magnetic field. Fig. 1.10
shows the variations in internal magnetic field with applying external magnetic field. Internal
field is zero below critical field. As cxternal field is increased beyond cntical field the material

becomes normal conductor and field penetrates into material.

Superheated and supercooled field transition of superconductors of Type-I is more

demanding in upcoming research. It can be used in superconductive radiation detectors [18].

1.7.2 Type-II superconductors

Such superconductors have critical field ranging from Be) & Bes. If externally applied
magnetic field is greater than Bco, than all magnetic field penetrate into material and material
behave as normal conductor. For Bcy<B< Bggz, material behave as partially superconductor i-¢

magnetic field partially penetrate into material as shown in Fig. 1.11 and Fig. 1.12.

Mormal

Beca2

Aixed state

Bca

Superconductor

Fig. 1.11: Normal, mixed and superconducting state.

At this stage superconductor material split into two regions: superconductive region
from where magnetic field lines are expelled and normal state region where magnetic field

lines passes as shown in Fig. 1.13.

10
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1.18.2 Co-precipitation method

It is a chemical method which involves nucleation, coarsening, growth and
agglomeration process [36]. The obtained nanoparticle has narrow particle size and uniform
distribution. During this process precipitate can be collected in the form of oxalates, carbonates

or hydroxides[37].

Steps involved in co-precipitation method are shown in Fig 1.27.

[Cation solution ]:D@ @E&nian solution J

$

Fig. 1.27: Stages involved in Co-precipitation methed.

=
Y
=
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and tcmperature. Tangent loss and dielectric constant were increased with decrease in
frequency, it is possibly due to interfacial polarization. The applicd electric field blocked

charge carriers inside grains [4].

Dielectric measurements and infrared absorption spectra of bismuth pyrostannate
Bi2(Sno.95Cro.05)207 were studied with temperature 110-525K and frcquency ranging from 350-
1100/cm. Split absorption lines for four frequency regions were distinguished. Maximum
behaviour of permittivity was mcasured in frequency range of 1-200kHz at temperature 100-

400K [5].

Z. Lijuan et a/. studied the dielectric properties and relative defect for concentration of
BaTi14Snx0;s as function of doping concentration of Sn. Dielectric properties were found to be
dependent on Sn content. Dielectric properties decreases with increase in doping concentration
of Sn. Diclectric properties also depended on relative defect concentration, at higher defect

concentration permittivity decreascs [6].

A. Younis et al. inquired the effect of doping in CugsTlg sBaxCazCus—ZnyO;2-5 where
y varies from 0-3. Samples having dimensions 2mm x 2.5mm x 10mm were used for
characterization techniques. Dielectric properties, ac-conductivity and conductance were
investigated in superconducting states and normal states. Negative capacitance observed was
due to difference in Fermi energy level of ceramics and electrodes. Charge carriers flows from
ceramics towards electrodes due to higher Fermi level of ceramics. Comparison between
T1;Ba»Ca;Cu20x and CuosTlpsBa:CaiCus—ZnyO12-5 displayed higher ac conductivities and
lower losses. This difference was due to variation in thickness of layers of charge reservoir and
polarization that is associated with separation of charges between Cu02/ZnO: planes and

CugsTlosBaz04-5 [7].

M. Mumtaz et al conducted an enquiry into dielectric properties of
CupsTlosBazCaz(Cuz-yMy)O10-5 with frequency variation ranging from 10Khz to 10MHz.
Samples with dimensions 2mm x 2.5mm x 10mm were used and observed the phenomenon of
negative capacitance. At low frequency and temperature large values of negative dielectric
constant were examined, this was due to enhancement of polarizability because of reduction in
thermal vibrations of atoms. Dielectric loss was reduced due to polarization that arised from
charge carriers between the planes of CuOzMOQ: and charge reservoir layers of
Cuo.sTlo.sBax04-s. Mobile charge carriers from the planes of CuO/MO; were displaced from

their mean position when external ac-field was applied [8].
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Frequency dependent and temperature dependent diclectric properties of CuTl-1234
were inspected by M. Mumtaz et al. Frequency ranges from 10KHz to 10 MHz and temperature
varics from 78K to 290K.. Higher values of dielectric constant were monitored for Tl-based

superconductors as compared to CuTl-1234 materials [9].

Frequency dependent dielectric properties of samples (CuO, CaO; and BaQ), / CuTi-
1223 were examined at different frequencies ranging from 10KHz to 10MHz and temperature
varies from 78K-300K. Diclectric constant was decrcased while ac-conductivity was enhanced

with increase in frequency [10,11].

Caoe7La022T1(1xCrO3 with x = 0 and x = 0.1 (CLT;-xCrx) samples were prepared by
high temperature solid state reaction method. Structural and diclectric properties of sample
were studied by X-ray diffraction and dieleetric characterizations, Material showed
ferroelectric behaviour for x=0 and relaxor behavicur for x=0.1. High permittivity was
observed for CLTo9Cro1 which open the way of its use in capacitor applications. Dielectric loss

was observed that may be due to changing in oxygen vacancy concentrations [12].

Diclectric and structural properties of Fe after inclusion into ZnO. Prcpared sample is
ZnixFexO where x varies from 0-0.03 and synthesised by solution combustion method.
Polarization disappeared after increasing frequency beyond a certain limit. Real part, imaginary

part and tangent loss was inhibited with increasing concentration of Fe [13,14].

Dielectric properties of CaLaAlO4 ceramic samples were investigated with frequency
ranging from 20-10"Hz at temperature varying from 25-700°C. giant dielectric behaviour of
sample was observed above 100 °C. This behaviour was rcported as two thermally activated
dielectric relaxations. Low temperature relaxation was caused due to bulk responsc of oxygen

vacancies hopping motion and high temperature relaxation was due to grain boundaries [15].

Microwave dielectric properties and sinterability of Li2SnQ3 co-doped with MgO-LiF
were studied. Sample was prepared by conventional solid-statc route. Addition of LiF lowered
sintering temperatures to 880°C and promoted LizMgzSnQs formation. Microwave dielectric
properties optimized for LiSnOss wt% MgQ with increasing contents of
Li:MgiSnOe. Excellent dielectric properties were found at 8800C for for Li>Sn053-8 wit% MgO-
2 wt% LiF ceramics. Such materials were found to be well suitable for applications in low-

temperature eo-fired ceramics and compatible with Ag clectrodes [16].
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The oxygen contents in CugsTiosBazCa3(Cuas.yCdy)O12.x superconductor oxygen post
annealing was carried out. Sample was prepared by solid state reaction method. Sample was
bar shaped of size 2mm x 2.5mm x 10mm. Dielectric properties and ac-conductivity are probed.
Phenomenon of negative capacitance was uttered. Dielectric properties were inhibited except
tangent loss, which was increased due to oxygen post annealing. Dielectric properties were
varying due to oxygen intake by the sample. At normal state polarizability was lower and
thermal agitation was higher due to which dielectric loss is increased and dielectric constant

was decreased. Dielectric behaviour strongly depended on temperature and frequency [17].

Satreerat K. Hodak ef al. fabricated coplanar capacitors and their dielectric behaviour
is investigated in frequency range of 1 MHz to 2 GHz and temperature ranges from 300K to
4K. They used off-axis pulsed laser deposition technique to preparc Epitaxial strontium titanate
(SrTiO3) thin films on neodymium gailate (NdGaQ3) substratc at 820 °C temperaturc. Ti/Au
coplanar capacitors eleetrodes with 25 pm gap separation, gap width of 1.5 mm and overall
size used was 3mm, synthesised by photolithography and evaporation method. Dielectric
properties were enhanced by lowering surface to volume ratio and increasing in-plane grain

size [18].

Dielectric properties of BaxSri«TiO3 were calculated with variation of external electric
field by using near-surface inhomogeneous distribution of polarization and thermodynamic
model. It was found that dielectric properties of sample strongly depend on externally applied
electric field. Thesc results were shown great improvement in understanding of dielectric

behaviour of supperlattice with externally applied electric field [19].

K. Yoshii et al. looked into dielectric properties of Bi2CuQu at frequency ranging from
1kHz to 1MHz. There was monotonic decrease in dielectric constant with increasing frequency
of applied field such behaviour was referred as dielcctric dispersion. This was because of
lacking of spatial coherence of dielectric response. Tangent loss express for activation energy,
it suggested that electron hoping between Cu ions were responsible for the dielectric response

[20].

Dielectric properties and DC electrical conductivity for carbon nano tubes (CNTs) werc
observed after mixing of potassium bromide (0-5 wt%) by using percolation theory. CNTs
were fabricate by vapour deposition method. DC conduetivity of samplcs supressed with
increasing CNTs in compound. Dielectric function was observed at room temperature with

different frequencies ranging from 10Hz to 200kHz. Real and imaginary parts of sample for
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different CNTs percentages were studied as function of frequency. Sample showed maximum

dielectric constant for 1.5wt% of CNTs [21].

M. M Hoque et al. examined the dielectric properties of Sr3(MgTa2)Os and
Sr3(ZnTa2)0s. Samples were prepared by using selid state ceramic method. SMT Pallets of
1.61 mm and 10.05 mm thickness and diameter were used respectively whereas for SZT pallet,
thickness and diameter were 1.56 mm and 9.91 mm respectively. Variation of imaginary part,
real part with frequency was examined. At low frequency a platcau was monitored for g" that
fell suddenly with increasing frequency. At certain frequency a broad peak was observed in g".
Width of relaxation peak was too large in €" and it drops with growing temperature. This imitate

that sample 1s not following mono-dispersive curve [22].

G. Kumar et al. fabricated MgooMng.1CoxFe2404 by solution combustion technique.
Dielectric behaviour of Mg-Mn nanoferrites were caught out at room temperature. Size of
particle used was 20.9 nm to 23.9 nm. Dielectric constant decreased with increasing
concentration of cobalt ions. Dielectric loss and dielectric constant decrcased with increasing

frequency [23].

S. S.Jadhav er @/, inspected dielectric properties of Nii.xZnxFe204 ferrites with variation
of frequency and temperature. Sample was synthesised by co-precipitation technique.
Phenomenon of dispersion in dielectric constant was traced with frequency. Dielectric loss
decreased with increasing frequency. Dielectric constant was increased with increasing

temperature and composition, and decreased with increasing frequency [24].

S. M. Khetre ef al. synthesised LaFeOs; by using combustion method having size of 28-
63 nm. Dielectric dispersion is observed with frequency, this is due to electron-hole hoping
process which caused polarization and conduction. Such materials are useful for fabrication of

gas sensors, solar cell etc [25].

33



Chapter No. 2 References

References

L.

10,

I

12.

13.

H. Maeda, Y. Tanaka, M. Fukutumi, and T. Asano, “A ncw high-Tc oxide
superconductor without a rare earth element ” Jpn. J. Appl. Phys. 27, 209 (1988).
Mussig & H. Joachim, “Semiconductor capacitor with praseodymium oxide as
dielectric” U.S. Patent 113, 388 (2004)

A. Rahman, M. A Rafiq, M. Hasan, M. Khan, 8. Karim and S. Oh. Cho “Enhancement
of elcctrical conductivity and dielectric constant in Sn-doped nanocrystlline CoFe;04”
Springer, 15, 121 (2013).

S. Babu and A. Govindan, “Diclectric propertics of CaCusTisOhz (CCTO) prepared by
modified solid state reaction method” Int. Rev. Appl. Eng. Res. 4, 275 (2014),

S. S. Aplesnin, L. V. Udod, M. N. Sitnikov and N. P. Shestakov,
“Bi2(Sno95Crp0s5)207: Structure, IR spectra, and dielectric propertics” Ceram. int.
42,5177 (2015).

Z. Lijuan, W, Lihai, L. Jiandang, C. Bin, Z. Minglci and Y. Bangjiao, “Diclcctric
properties and structural defects in BaTi.xSnxO3 ceramics™ J. Phys. 443, 166 (2014).
A. Younis and N. A. Khan, “Diclcctric properties of Cuo.5Tlo sBa:CazCus—yZnyOi2-5 (y
= (), 3) Supcrconductors” J. Korcan Phys. Soc. 57, 1437 (2010).

M. Mumtaz, N. A. Khan and S. Khan, “Frequency dependent dielectric properties of
Cuo sTlo sBazCax(CusyMy)O10. 5 superconductor” J. Appl. Phys. 111, 216 (2012).

M. Mumtaz, Nawazish and A. Khan, “Dielectric properties of
Cup sTlysBazCazCusO12-5 bulk superconductor” Physica 469, 728 (2009).

M.Mumtaz, M Kamran, K. Nadeem, M. A Jabbar, A Saleem and S.
Hussain, “Dielcetric propertics of (Cu0O,Ca0s, and (BaO)y/CuTl-1223composites™ J.
Low Temp. Phys. 39, 806 (2013).

S. Sarkar, N. 8. Das and K. K. Chattopadhyay, “Optical constants, dispersion energy
paramcters and diclectric propertics of ultra-smooth nanocrystalline BiVOy thin films
preparcd by RF magnetron sputtering” Solid state sci. 33, 58 (2014).

A. B. Hassen, F. I. H. Rhouma, J. Dhahri and N. Abdelmoula, “Effect of the substitution
of titanium by chrome on the structural, dielectnc and optical
properties in Cag.e7La0.2Ti1—-CrxOs perovskites” J. Alloys Compd, 663, 436 (2016).
M. L. Dinchsa, G. D. Prasanna, C. S. Navcén and H. S. Jayanna. *Structural and
dielectric properties of Fe doped ZnO nanoparticles “ J. Indian Phys. 87, 147 (2012).

34



Chapter No. 2 References

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25,

M. Hassan, A. §. Ahmed, M. Chaman, W. Khan, A. H. Nagvi and A. Azam, “Structural
and frequency dependent dielectric properties of Fe** doped ZnO nanoparticles” Mater.
Res, Bull. 47, 3952 (2012),

J. Zhang, Y. Li, D. Zhang, H. C. Qi, X. X. Xu, Z.F. Huang and C. C. Wang, “Giant
diclectric behaviour in CaLaAlQ4 ceramics” Mater. Lett. 168, 163 (2015).

Z.Fu, P, Liy, J. Ma, B. Guo, X. Chen and H. Zhang, “Microwave diclectric properties of
tow-fired LizSnO;3 ceramics co-doped with MgO-LiF” Mater. Res. Bull, 77, 78 (2016).
M. Mumtaz, M. Rahim, Nawazish A. Khan, K. Nadeem and K. Shehzad, “Diclectric
properties  of  oxygen post-annealed  CuosTlpsBa;Cas(CusyCdy)O12s  bulk
superconductor” Ceram. Int. 39, 9591 (2013).

S. K, Hodak and C. T. Rogers, “ Microstructure and dielectric response of
SrTi03/NdGaO; interdigitated capacitors” Microelectron. Eng. 85, 444 (2008).

D. Li and F. Ling, “dielectric properties of BaxSri—TiOs thin films on a compliant
substrate” Int. J. for Light and Electron Opt. 127, 3766 (2016).

K. Yoshii, T. Fukuda, H. Akahama, J. Kano, T. Kambe and N. Ikeda, “Magnetic and
dielectric study of Bi2CuQ4” Physica C 471, 766 (2011).

S. Dadras and M. V. Farahani, “The effects of carbon nano tubes on electric and
dielectric properties of CNTs doped KBr (CNTs/KBr) compound” Physica B, 477, 94
(2015).

M. M. Hoque, A. Dutta, S. Kumar and T. P. Sinha, “Sturctural and dielectric properties
of Sr3{MgTaz2)Og and Sra(ZnTaz)Os” Physica B. 468-469, 85 (2015)

G. Kumar, R. Rani, S. Sharma, K. M, Batoo and M. Singh, “Electric and dielectric
study of cobalt substituted Mg-Mn nanoferrites synthesized by solution combustion
technique” Ceram int. 39, 4813 (2013).

S. 8. Jadhav, S. E. Shirsatha, B. G. Tokshab, D. R. Shengulea and K. M. Jadhavb,
“Structural and dielectric properties of Ni-Zn ferrite nanoparticles prepared by co-
precipitation method” Comm. & Sci. 431, 509 (2008).

S. M. Khetrea, H. V. Jadhav, P. N. Jagadalc, S. R. Kulal and S. R. Bamane, “Studies
on electrical and dielectric properties of LaFeO3” Adv. Appl. Sci. Res. 4, 503 (2011)

35






Chapter No. 3 Synthesis Technigues and Characterizations

Cus(CN1H:0 => @ Ba(NO3):

Grinded for 4 hours

in appropriate ratios

Heated in fursace at 860°C
for 24 hours

Grinded lor 4 hours

21 room temprrature

Heated in farnace at $61°C
for 24 bowrs

Appropriare sniouet of ThOs is added, CaTI-1223 is obtained

Fig. 3.1: Synthesis process of CuT1-1223.
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3.2.3 Synthesis of A2O3/CuTl-1223 superconductor composites

Now I added alumina nanoparticles with different weighti-ex =0, 0.5, 1 and 1.5 into

CuTl-1223. Then I grounded each composition of precursor and nanoparticle for [ hour and

made pallets at 3.8 tons/cm® with help of hydraulic press. Each pallet was wrapped in gold

capsule and placed in furnace at 860°C for 10min. I took care of gold capsule to be air packed

so that T1 do not vaporize. All these processes can be explained

below.

with help of flow chart given

CuTl1223 j:b.. < —

Al-O; pamoparticles
cogreptration

Grindiog lor 45min

Palletlzed under
3.8MPa

Enclosed in
Gold Capsule

Sintering at 860°C

{ALO3)/CuTl-1223

Fig. 3.2: Synthesis of Al:03/CuT1-1223
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are also capable of penetrating deep into materials so that they can provide interna!l information

of samples. Working diagram of XRD is shown in Fig. 3.3,
3.4.1 Production of X-rays

X-rays are produced whenever a fast moving electron is decelerated due to collision
with metal surface and electron loses cnergy in form of packets of energy, called photons.
These high energy photons are called X-rays. Such effect is known as Bremsstrahlung cffect.
If a fast moving electron knock out an electron from any inner shell of an atom, then electrons
from higher shell make transition to fill that shell. In this process the transition clectron loses

energy in form of x-rays. Such x-rays are known as characteristic X-rays.

Reciifier Target

|
o o
¢

il
3

WL

Cooling water

” vvv

Coaling x-ray tube

Fig. 3.4: Production of X-rays.

For production of x-rays a vacuum tube is uscd shown in Fig. 3.4. It contains a heating
filament, target and a window. Heating filament emtt clectrons which arc accelerated by
applying high voltage. Accelerated electrons hits target and in process x-rays arc produced by

bremsstrahlung effect or characteristic x-rays. Target is usually made up of tungsten.

3.4.2 Bragg’slaw

When x-rays are incident on crystal, few x-rays are reflected from first layer and few
from second layer as shown in Fig. 3.5. After reflection series of maxima are observed

according to following conditions

1. Path difference of two scattered wave should be equal to integral number of

wavelengths.
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1. Consider following plane, intercept is x = a. Given surface is parallel to z and y axes.

So plane will meet at infinity with these axes. Therefore intercepts will be a,00,0

2. Take fractional co-ordinates as a/a, oo/a, co/a

3. Give fractional intercepts in reciprocals to form miller indices as (100)

Table.3.1: Crystal structures and their axis angle [5].

No of structures | Crystal structure | Axis Axis angle

1 Tetragonal A=B#C a=pf=vy=90

2 Monoclinic A#B#C a=y=90,p>90

3 Triclinic A#B#C aEP#£y+£90

4a Rhombohedral A=B=C a=B=y#£90 <120
4b Hexagonal A=B#£C a=§=90,y=120
5 Orthorhombic A#FB#C a=p=v=90

6 Cubic A=B=C a=p=y=90
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detector

Fig. 3.7: Rotating crystal technique.

There exist imaginary cones where reflected beams are incident. Diffraction spots take
horizontal position when film is placed flat. In this way we can observed shape, atomic

arrangement and size of unit cell.
3.4.5.2 XRD powder diffraction

Such technique is used to study phase of crystalline materials and investigate
dimensions of unit cell. Material used is homogenized, finely grounded and partially bulked

composition. Fig. 3.8 shows working diagram of XRD powder diffraction technique.

X-rays are passed through sample and then detected at other end. Samples are scanned
at 20 angles so that all possible diffraction directions are attained. Conversion of peaks into
lattice parameters help to identify the mineral. For this purpose lattice spacing is compared

with reference patterns.
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The beam diffracted from crystals form arrays of spots in a pattern of curves on film.
For every plane Bragg angle is fixed. Particular wavelength of white light 1s diffracted from
particular plane and satisfies Bragg’s law. Each zene reflect a spot on any one curve. There
exist zone axis belonging to an imaginary cone that is formed due to Laue reflections from

same zone planes.
3.4.5.4 Determinations of particle size

Size of particle can be find by using Debye Scherer formula.

1} Maximum of peak

2} Half the maximum of peak

Absorbance (arb.units)

Jr <4 3) Full widdch at half the maximum
B ! } [ [ ! |
300 350 400 450 200 550 600 650

avelength (Am)
Fig. 3.10: Full width at half maxima .

Debye Scherer formula was proposcd by Paul Scherer in 1918. Grain size can be
measured up to 0.1 to 0.2 micrometer, more accurately as compared to transmission electron
microscope [6]. Formula is given below

_ KA
Beost

Here K is unit less quantity having value 0.91, D is size of particle to be found, Fis

(3.2)

FWHM (full width half maximum), & is wavclength, 8 is Bragg’s angle having units of radian

as shown in Fig. 3.10.

3.5 Energy dispersive X-ray spectroscopy (EDS)

It 15 a technique which is used for elemental analysis and chemical characterization of

sample. Working diagram of EDS is shown in Fig. 3.11. It consists of following components.

1. Source of electron beam

2. Pulse processor
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Real part of dielectric constant can be calculated as,

e/ =Cd/ g A 3.4)
Dielectric loss is measured by formula,

tan § = 1/2nfRsCs (3.5)
Imaginary part of dielectric constant can be found as,

g//=€/tan s (3.6)
Ac conductivity can be determined by using formula,

O =0 £,67 tan § (3.7)
3.7 Resistivity measurement
Resistance of a specimen can be measured by applying some current and measuring
the voltage response [7]. Resistivity can be measured by using formula

p== (38)

Where R is resistance, A is area of cross-section, L is length and p is resistivity of specimen.
3.7.1 Resistivity by four probe method

Four probe method is mostly used for measurement of resistivity. It is widely used

because it reduces other sources of resistance [§].

Apparatus used in this method include sample, current generator, power supply, digital
AVO meter and probe arrangement as shown in Fig. 3.14. Sample is used in form of thin wafer,
for this material is deposited on substrate. Sample of size millimetre and thickness w is used.
Four probes are used arranged linearly and equally spaced in straight line. In outer two probes
a constant current is passed and voltage across inner two probes is measured. To study

dependence of sample on temperature, an oven is used that can provide heat to sample.

50









Chapter No. 3 References

References

1. B. Heeb, S. Oesch, P. Bohac and L. J. Gauckler, “Microstructure of melt-processed
Bi;Sr;CaCu20Oy and reaction mechanisms during post heat treatment™ J. Mater. Res, 7,
11 (1992),

2. C. N, Rao and R. Rao, “Chemical insights into High-Temperature Superconductors”
Phil. Trans. R. Soc. A 336, 595 (1991).

3. N. L. Wu, Y. D. Yao, S. N. Lee, S. Y. Wong and E. Ruckenstein, “Synthesis of
TlCasBa;Cunt106+2, (n=1,2) from Stoichiometric Reactant Mixtures”, Physica C 161,
302 (1989).

4. E. Ruckenstein and S. Narain, “Preparation of XRD single phase 2122 and 2223
compounds by a two-step heating method”, Mater. Lett. 8, 421 (1989).

5. http://ecee.colorado.edu/~bart/book/book/chapter2/ch2_2.htm.

6. D. A, Skoog, D. A. Holler and F.J. Crouch ”_Principles of Instrumental Analysis” sixth
Edition, P.456 (2007).

7. 1.8. Blakemore, "solid state physics", P.240 (19835).

8. N. Ashcroft and N. Mermin, “Solid state Physics Orlando™ Fl Saunders, 346, 31 (1976).

9. M. Joshi, A. Bhattacharyya and S. W. Ali, “Characterization techniques for
nanotechnology applications in textiles” Indian J. Fibre Textile Res. 33, 304 (2008).

53



Chapter No. 4 Results and Discussions

4.1 X-ray diffraction (XRD) analysis

XRD can be commonly used to study the structure of the materials and to measure the
average crystallite size. Fig 4.1 shows XRD pattern of alumina (Al203) nanoparticles. Sherrer’s
formula is used to find average crystallite size of Al201 nanoparticies and it is also observed
that almost all diffraction peaks are well indexed with cubic structure. It is analysed from XRD
pattern that cubic structure and crystallinity with exquisitely indexed planes (3 1 1), (2 2 2), (4
00, (1 1)and (4 4 () are in accordance with standard data of international centre for

diffraction data (ICDD).

&
Alumina Nanoparticles E
£ g
A z
L
&
Ea]
£ g
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Lam]
' o

Fig. 4.1: XRD pattern of Alumina nanoparticles.

Fig.4.2(a,b) shows XRD pattern of (ALO3)/CuTI-1223 (x = 0 and 1.5 wt. %)
nanoparticles-superconductor composites. There is no appreciable change in XRD pattern after
inclusion of Al20; nanoparticles, which provides evidence of unaltered stoichiometry and
structural chemistry after addition of these nanoparticles. This indicate that nanoparticles have
occupied intercrystallite sites of CuTI-1223 matrix which can help to improve weak-links.
Other than dominance of CuTI-1223 phase, there are few non-indexed diffraction peaks, which
indicates presence of some impurities [1]. The overall stoichiometry of host CuTI-1223
compound remained unchanged after inclusion of these nanoparticles. However, pattern shows

slight variations in length of c-axis, which may be due to some strains or oxygen variation.
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4.2 Scanning electron microscopy (SEM) and energy dispersive X-ray
(EDX) analysis

SEM is used to investigate morphological properties of (Al201)x/CuTl-1223 (x=0 and
1.5 wt. %) nano-superconductor composites and is shown in Fig.4.3. It can be seen from SEM
images that nanoparticles improved the inter-grain weak links and healed up inter-grain voids
in CuTI-1223 matrix. This can be verified from our XRD images that nanoparticles do not
penetrated into structure of CuTI-1223 infect they occupied the interstitial spaces. Similar

results were reported by different working groups in this field [2].

(2) (b}

Fig.4.3: SEM images of (Al;O3}/CuTI-1223 (x=0 and 1.5 wt. %} composites.

Fig. 4.4 shows energy dispersive x-ray spectroscopy of (Al;03)x/CuTI-1223 (x=0 and
1.5 wt. %). No peak for Al is found EDX spectrum of (Al203),/CuTI-1223 (x = 0), while a
reasonable peak of Al is observed in (Al203)/CuTI-1223 (x = 1.5 wt. %). Mass percentage of
different elements in (Al203)x/CuTI-1223 composition is given in table 4.1. Similar results

were found by other researchers in this field [ 3, 4].
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Table 4.1: compositional analysis of (Al203)/CuTI-1223 (x=0 and 1.5 wt. %) composite by

EDX
Elements X=0 X=15wt. %
S keV Mass % | Atom% keV Mass % | Atom%

0K 0.536 20.68 58.05 0.539 18.96 5531
CaK 3 693 8.87 9.94 1606 1.13 1.96
Cul 0.950 26.93 19.03 0.953 8.69 10.11
Bal 4.485 31.83 10.41 4.484 2441 17.92
TIM 2374 11.70 2.57 2327 35.98 12.22
AlK L L L 1.512 10.83 2.47
Total 100 100 100 100

4.3 Resistivity measurements

Measurements of temperature versus resistivity of (Al203)/CuTI-1223 (x= 0 andl.5

wt.%) composites are shown in Fig.4.5. Alumina free sample has ‘T about 86 K, which is

decreased to 65 K after inclusion of nanoparticles; x = 1.5 wt.%, respectively. These values

suggest that value of ‘T." has been suppressed after inclusion of Al2O3 nanoparticles in to CuTl-

1223 host matrix, The absolute resistivity in normal state may strongly depend on porosity and

grain boundary scattering. It is assumed that decrease in ‘Tc’ is mainly because of insulating

behaviour of ALOs; nanoparticles at the grain-boundaries of the host CuTl-1223

superconducting matrix. Reduction of ‘T, after inclusion of Al;O; nanoparticles may be

associated with following reasons:

Mobile holes trapping

Fewer oxygen in material

Oxygen vacancy disorder mechanism [5-9)
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Fig.4.5: Resistivity verses temperature measurements of { Al;03), / CuT1-1223 (x =0 and 1.5 wt. %)

nanoparticle-superconductor composites.

4.4 Dielectric measurements
Dielectric properties of (AL203)/CuTl-1223 (x =0, 0.5, 1.0 and 1.5 wt.%) are observed
as function of frequency ranges from 107 to 107 Hz at room temperature. Different parameters
of dielectric like capacitance, real part, imaginary part, tangent loss and ac-conductivity have
been studied. Diclectric properties of sample are found to be in good agreement with Maxwell-
Wagner model, so it is supposed that sample structure has two layers.
e Grain boundaries that behave as poor conductor

¢ Large grains that behave like good conducting layers
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4.4.1 Capacitance

A capacitor is a device which is used to store charge or energy. it consist of two metallic
plates which are separated by small distance. The ability of a capacitor to store energy or charge
is known as capacitance. Capacitance can be measured for a capacitor by following equation,

C=Att/d 4.1

Where ‘C’ is capacitance, ‘€,” is known as permittivity of free space, ‘£’ is relative
permittivity of medium and ‘d’ is distance between plates. Above equation shows that
capacitance depends upon nature of medium, it can be enhanced by placing a suitable material
known as dielectric material.

Variations of capacitance of (AL03)/CuTl-1223 (x =0, 0.5, 1 and 1.5 wt. %) samples with
frequency ranging from 107 to 107 Hz are shown in Fig. 4.6. The phenomenon of negative
capacitance was observed, which indicate the reduction of sample capacitance as compared to
capacitance of electrodes. Phenomenon of dipolar capacitance occurs due to displacement of
mobile charge carriers of conducting planes from equilibrium position. Positive space charges
may exist at outer surface of device, therefore, free carriers of ceramic sample flows towards
metal electrodes. This is because of higher Fermi levels of ceramic superconductor sample as
compared to contact electrodes, as ceramics have less filled states than metals and less filled
state possess higher energy [10,11].

Sample shows higher value of negative capacitance -3.78 x 108, -5.05 x 10, 4.60 x 107, -
1.33 x 10 F of (ALO3)/CuTI-1223 (x =0, 0.5, 1 and 1.5 wt. %) at low frequency 10? Hz,
which is because of high participation of dielectric polarization. NC decreases with increasing
frequency and become minimum at maximum frequency. This is associated with decrease in
polarization with increase in frequency.

Peaks are observed in capacitance of (AL203)/CuTI-1223 (x = 0, 0.5, | and 1.5 wt. %),
which may be associated with following of hopping electrons, external field. When the hoping
frequency of the electrons is equal to that of the external applied electric field, maximum energy
is attained by grains, therefore a peak is obtained in the capacitance and it is called resonance
peak. Peaks are shifted towards lower frequency by increasing nanoparticle concentration in

CuTI-1223, which may be due to increase in time period of hoping electrons [12].

60






Chapter No. 4 Results and Discussions

point, then there comes a region, where electric field reverses its direction and polarization do
not contribute which produces constant values of real part.

Fig. 4.8. shows variation of real part of sample at low frequency of 10? Hz, which are -
80101.89, -13829.89, -13935.42 and -922.59 for x = 0,0.5,1.0 and 1.5 wt. %. Value of real part
decreases that may be due to increase in main phase volume fraction, improvement in
microstructure, reduction of electrical inhomogeneity and healing of microcracks which

increases connectivity between grains.
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Fig. 4.7: Variaticn of real part of (Al:05)/CuTI-1223 (x=0, 0.5, 1.0 and 1.5 wt. %) composites at 100Hz
frequency,

Peaks are observed in real part of (Al;03)/CuTI-1223 (x= 0, 0.5, [ and 1.5 wt. %), which
may be associated with dielectric resonance. When the frequency of hoping electrons and
external applied electric field become equal, then real part become maximum. Peaks are shifted
towards lower frequency by increasing nanoparticle concentration in CuTl-1223, which may

be due to increase in time period of hoping electrons [15].
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Fig. 4.9: Yariation of imaginary part of (Al:01),/CuT|-1223 (x=0, 0.5, 1.0 and 1.5 wt. %) composites at 100Hz

frequency.

Decrease in negative values of attenuation of energy is observed with increasing
concentration x = 0 to 1.0 wt.% then increases for 1.5 wt. %. Variation in * £ * of (A1203)x/CuTI-
1223 (x =0, 0.5, 1.0 and 1.5 wt. %) composites as function of f(Hz) at room temperature is
shown in Fig. 4.10. Behaviour of dielectric dispersion is according to Maxwell-Wagner model
and Koop’s theory. Dispersion decreases rapidly in lower frequency region and it becomes
frequency independent after 10 Hz.

Here sample is assumed to be consisted of conducting grains with poorly conducting grain
boundaries [16]. It can be seen that electrical conducting grains are less effective than grain

boundaries at lower frequencies. At higher frequencies ‘ £]’ decreases that may be due to
decrease in polarization, while at lower frequency’ £ increases due to high effect of

polarization.
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Fig. 4.10: Variation of imaginary part 0f { Al;03),/CuT1-1223 (x=0, 0.5, 1.0 and 1.5 wt. %) composites as
function of frequency.
444 Dielectric loss tangent (tand)

Amount of energy loss inside the material can be estimated by tangent loss “tand’. It is

defined as the ratio of energy lost in grain boundaries to energy stored inside grains and is given

by equation,

tand = f:— 4.4)
£

The phenomenon of dielectric relaxation and ac-conduction can be explained on basis
of dielectric loss factor. Supreme value of ‘tand’of (AlLO3)/CuTI-1223 at lowest possible
frequency 10> Hz are calculated around 1.9x10% 4.3x10% 0.2x10* and 2.09x10* for
concentrations of nanoparticles as x =0, 0.5, 1.0, and 1.5 wt. %, respectively. At low frequency
‘tand’ has minor vaiues, which may be associated with dominant behaviour of grain-
boundaries, where hopping charges piles up and resulting in high values of real part of dielectric
constant.

Peaks are observed in ‘tand’ after inclusion of nanoparticles at different frequencies,

which are 5.5x10° at 175 Hz, 4.8x10° at 130 Hz, 0.2x10° at 210 Hz and 7.1x10° at 245 Hz for

concentrations x=0 , 0.5, 1.0 and 1.5 wt. %, respectively. These peaks indicate relaxation
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Conclusion

Series of (AlLO3)/CuTl-1223 (x = 0, 0.5, 1.0 and 1.5 wt. %) nanoparticle-
superconductor composites were synthesized successfully by sol-gel/solid state reaction
method and characterized by different experimental techniques. Structural, morphological,
composition, superconducting and dielectric properties were explored by XRD, SEM, EDX,
RT and LCR, respectively. Granular structure with enhanced grain sizes can be seen by SEM
micrographs. Tetragonal crystal structure of CuTI-1223 matrix was not altered after the
addition of Al2O3 nanoparticles, which provides a clue about their occupancy at the grain-
boundaries in the bulk CuTI-1223 material. Presence of Al2Os nanoparticles in bulk CuTI-1223
sample was confirmed by EDX spectra. The suppression of superconducting properties can be
attributed due to the insulating nature of Al2O3 nanoparticles, which can minimize the mobility
of the carriers. Dielectric parameters have been decreased with the increase of frequency and
became saturated at higher frequencies. The ac-conductivity (oac) of (Alz03)/CuTi-1223 (x=
0,0.5, 1.0 and 1.5 wt. %) nano-superconductor composites was decreased with increasing wt.

% of Al>Os nanoparticles, which is associated with insulating nature of AlOs.
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