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ABSTRACT

Superconductors are materials that show zero resistance when subjected to temperature
under its critical temperature. Yttrium Barium Copper Oxide (YBCO) was prepared using
solid state reaction method by grinding, sintering and finally pressing the samples into
pellets. The objective of the research ws to study the change in (i) microstructure and (ii)
electrical transport properties of YBCO with the addition of 0.00 wt%, 0.01 wt%, 0.02
wit%, 0.03 wt% and 0.04 wt% nonmagnetic PbO nanoparticles, as well as to develop a
laboratory scale method in determining the electrical properties of YBCO at liquid
nitrogen temperature. The presence of superconductivity was tested and confirmed when
the samples was allowed to levitate above a row of Neodymium magnet and the sample
with 0.04 wt% PbO nanoparticle showed the longest levitation time. From the results
obtained from the X-ray diffraction, it was noted that there was minimal changes to the
microstructure and composition of the superconductor when the PbO nanoparticle was
added to them. A four point probe was developed to test the critical temperature of the
YBCO superconductor. The results obtained does not fulfil the expected results as the
critical temperature obtained for the added sample is lower than that of the referenced
results which is 90 K.
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ABSTRAK

Superkonduktor adalah bahan-bahan yang menunjukkan rintangan sifar apabila
diletakkan suhu di bawah suhu kritikal. Yttrium Barium Copper Oxide (YBCO) telah
disediakan dengan menggunakan kaedah tindak balas keadaan pepejal dengan mengisar,
menyintar dan akhirnya menekan sampel ke dalam pelet. Objektif penyelidikan adalah
untuk mengkaji perubahan dalam (i) mikrostruktur dan (ii) ciri-ciro elektrik YBCO
dengan tambahan 0.00 wt%, 0.01 wt%, 0.02 wt%, 0.03 wt% dan 0.04 wt% nanozarah
PbO , serta untuk mewujudkan kaedah skala makmal untuk menentukan ciri-ciri elektrik
YBCO pada suhu nitrogen cecair. Kehadiran kesuperkonduksian telah diuji dan disahkan
apabila sampel dibiarkan terapung di atas deretan magnet Neodymium dan sampel dengan
0.04 wt% PbO nanozarah menunjukkan masa pengangkatan paling lama. Daripada
keputusan yang diperolehi daripada pembelauan sinar-X, didapati bahawa terdapat
perubahan yang minimum kepada mikrostruktur dan komposisi superkonduktor apabila
nanozarah PbO telah ditamba. Penduga empat titik telah diwujudkan untuk menguji suhu
kritikal superkonduktor YBCO. Keputusan yang diperolehi tidak memenuhi hasil yang
diharapkan kerana suhu kritikal yang diperolehi bagi sampel yang telah ditambah dengan
nanozarah adalah lebih rendah daripada keputusan yang dirujuk iaitu 90 K.

viii



TABLE OF CONTENTS

SUPERVISORS’ DECLARATION
STUDENT’S DECLARATION
DEDICATION
ACKNOWLEDGEMENTS
ABSTRACT

ABSTRAK

TABLE OF CONTENTS

LIST OF TABLES

LIST OF FIGURES

LIST OF SYMBOLS

LIST OF ABBREVIATIONS

CHAPTER 1 INTRODUCTION
1.1  Background Of The Proposed Study
1.2  Problem Statement
1.3  Objectives Of Research
1.4 Scope Of Study

CHAPTER 2 LITERATURE REVIEW
2.1 YBCO Introduction
2.2 Structure Of YBCO
2.3  Effects Of The Addition Of Nanoparticles
2.4 Four-Point Probe

CHAPTER 3 METHOD AND MATERIALS
3.1 Introduction
3.2 Flow Chart
3.3 Material And Apparatus
3.3.1 List Of Chemicals And Materials

iX

Page

Vi
vii

viii

Xi
Xii
Xiv

XV

o O O -

© 00 ~N

12

14
14
15
17
17



3.3.2

List Of Apparatus And Equipment

3.4 Sample Preparation

34.1

3.4.2

Solid State Reaction Method

Pelletization

3.2  Sample Characterization

3.2.1
3.2.2
3.2.3

354

X-Ray Diffraction (XRD)
Scanning Electron Microscopy (SEM)
Four Point Probe

Meissner Effect

CHAPTER 4 RESULT AND DISCUSSION

4.1  Microstructure Analysis

411
41.2

X-Ray Diffraction (XRD) Analysis

Scanning Electron Microscopy (SEM)

4.2 Electronic Properties Analysis

421

4.2.2

Meissner Effect Analysis

Four Point Probe Analysis

CHAPTER 5 CONCLUSION AND RECOMMENDATION

5.1 Conclusion

5.2  Recommendations

REFERENCE
APPENDIX A
APPENDIX B
APPENDIX C

17

18
18

19

21
21

22
23

24

25
25
25

32

35
35

36

43
43
44

45
47
48
53



Table 2.
Table 3.
Table 3.
Table 3.
Table 3.
Table 4.
Table 4.
Table 4.

LIST OF TABLES

Type T thermocouple reference table

List of Materials and Chemicals used

List of apparatus and equipment used for sample preparation

List of apparatus and equipment used for sample characterization
The weight, thickness and diameter of each pellet after sintering
Lattice parameter for each sample

Levitation time for each sample

Critical temperature for each sample

Xi

13
17
17
18
20
31
35
41



Figure 1.
Figure 1.

Figure 1.
Figure 1.
Figure 2.
Figure 2.
Figure 2.
Figure 2.
Figure 2.
Figure 2.
Figure 2.
Figure 3.
Figure 3.
Figure 3.
Figure 3.
Figure 3.
Figure 4.
Figure 4.

Figure 4.

Figure 4.

A .

w

4.

o & w0 DD B NOo

=

LIST OF FIGURES

Electrical resistance of mercury against temperature 1
Meissner effect showing magnetic repulsion in superconductor below
critical temperature 2

Magnetization of type | superconductors depending on the applied field.

4
Magnetization of type Il superconductors depending on the applied

field. 4
Magnetic effect on resistance in YBCO 7
Structure of the double layered YBCO compound 8

Electrical resistance versus temperature curves of YBa2CuO7-6 for (a)
x=0t00.04and (b) x =010 0.12 9
X-ray diffraction patterns of YBCO with the addition of different

amount of Fe3O4 10
Jc of (Bi, Pb)-2223(PbO)x; (a) as a function of the temperature (30-77

K), and (b) PbO content at 30 and 77 K. 11
Model of the four probe resistivity measurements 12
Circuit used for resistivity measurements 12
Flow chart of methodology of the experiment 15
Procedure for characterization of sample 16
X-ray Diffractometer 21
(a) Scanning electron microscope (b) Sputter coater 22

(a) Four-point probe (b) Experimental set-u p to test for critical

temperature 23
XRD spectra of YBCO with the addition of 0.00 wt% PbO with
corresponding Miller indices of each peak 26
XRD spectra of YBCO with the addition of 0.01 wt% PbO with
corresponding Miller indices of each peak 27
XRD spectra of YBCO with the addition of 0.02 wt% PbO with
corresponding Miller indices of each peak 28
XRD spectra of YBCO with the addition of 0.03 wt% PbO with
corresponding Miller indices of each peak 29

Xii



Figure 4.

Figure 4.

Figure 4.

Figure 4.

Figure 4.

Figure 4.

Figure 4.

Figure 4.

Figure 4.

Figure 4.

Figure 4.

Figure 4.

10.

11.

12.

13.

14.

15.

16.

XRD spectra of YBCO with the addition of 0.04 wt% PbO with
corresponding Miller indices of each peak 30
XRD pattern for normalized graph of YBCO with the addition of varying
amount of PbO nanoparticle with corresponding Miller indices of each
peaks 31
SEM micrograph of YBCO with the addition of 0.01 wt% PbO
nanoparticle at (a) 300x, (b) 500x, (c) 800x and (d) 1000x magnification
33
SEM micrograph of YBCO with the addition of 0.02 wt% PbO
nanoparticle at (a) 300x, (b) 500x, (c) 800x and (d) 1000x magnification
33
SEM micrograph of YBCO with the addition of 0.03 wt% PbO
nanoparticle at (a) 300x, (b) 500x, (c) 800x and (d) 1000x magnification
34
SEM micrograph of YBCO with the addition of 0.04 wt% PbO
nanoparticle at (a) 300x, (b) 500x, (c) 800x and (d) 1000x magnification
34
YBCO pellet showing Meissner effect 35
Resistance against temperature graph for YBCO with the addition of
0.01 wt% PbO nanoparticle. 37
Resistance against temperature graph for YBCO with the addition of
0.02 wt% PbO nanoparticle. 38
Resistance against temperature graph for YBCO with the addition of
0.03 wt% PbO nanoparticle. 39
Resistance against temperature graph for YBCO with the addition of
0.04 wt% PbO nanoparticle. 40
Resistance against temperature graph for YBCO with the addition of

varying amounts of PbO nanoparticle. 41

Xiii



LIST OF SYMBOLS

approximately
weight percent
percent

Bragg angle

degree celcius

Kelvin

angstrom (101°)
grams

time

Ohm

voltage

current

critical temperature
critical current density
critical magnetic field
magnetic flux
coherence length
penetration depth

Xiv



LIST OF ABBREVIATIONS

PbO - Lead Oxide

Y203 - Yttrium Oxide

BaCos - Barium Carbonate

CuO - Copper Oxide

Y123 - Yttrium Barium Copper Oxide
YBCO - Yttrium Barium Copper Oxide
XRD - X-Ray Diffraction

SEM - Scanning Electron Microscopy
BCS - Bardeen Cooper Schrieffer
GL - Ginzburg-Landau

Al - Aluminium

XV



CHAPTER 1

INTRODUCTION

1.1  Background Of The Proposed Study

Superconductivity is a unique phenomenon that occurs when a material below a
transition temperature or critical temperature shows zero resistance. Superconductivity
was discovered in 1911 by H.K. Onnes when he observed that as mercury is cooled to the
temperature of liquid helium (4.0 K), its resistance vanishes abruptly. Subsequent
research and studies follows the discoveries of other superconductor such as lead,

aluminium and tin.
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Figure 1. 1.  Electrical resistance of mercury against temperature

Source: Reproduced from (Onnes K., 1911)



In 1986, a brittle ceramic compound was discovered to superconduct at 30 K; the
highest temperature known at the time by Alex Muller and Georg Bednorz. This
discovery of high temperature superconductivity lead to a worldwide research on
ceramics that are able to superconduct and in January of 1987, a group of researchers at
the University of Alabama-Huntsville discovered YBCO, a material that is able to
superconduct at a temperature greater than liquid nitrogen. (Wu et al., 1987). The
expulsion of magnetic field by a superconductor, also known as Meissner effect was
discovered in 1933 by two German researchers, Walther Meissner and Robert
Ochsenfeld. This principle of Meissner effect explains perfect diamagnetism; the ability
to completely repel a magnetic field in superconductors.

T>T T<Tc

Figure 1. 2.  Meissner effect showing magnetic repulsion in superconductor below
critical temperature

Source: Reproduced from (Kittel C., 2005)



The theory of superconductivity explains the occurrence of zero resistance in low
temperature superconductor. BCS theory or Bardeen-Cooper-Schrieffer theory, coined
after the scientists who discovered it, infer that electrons are coupled into Cooper pairs
formed through the interaction with the crystal lattice resulting from a slight attraction
between the electrons in relation to lattice vibration or phonons. (Bardeen et al.,1957).
However, since the publication of BCS theory in the letter “Microscopic Theory of
Superconductivity” in 1957, it is believed that the theory alone does not effectively
explain the presence of superconductivity in high temperature superconductors. This is
due to the its failure to show strong electron-lattice interaction as required in high
temperature superconductor. (Miller et al., 2012)

While the microscopic theory of superconductivity can be explained by BCS
theory, the macroscopic theory can be postulated by Ginzburg-Landau (GL) theory. The
theory involves two characteristics; the coherence length, & and the penetration depth, A.
The GL parameter, « is therefore the ratio of A to & and has a limiting factor of k = 1/v/2,
which separates the superconductors with positive surface energy where x < 1/v/2 from

the negative surface energy where x > 1/v2. (Suzuki, M et al., 2007)

Superconductors can therefore be sorted into two types, mainly type |
superconductor and type Il superconductor based on the materials behaviour on its
transition from superconducting state to normal state. (Abd-Shukor, R., 2004). For type
1 superconductor, when the applied magnetic field is greater than its critical field, B, the
material becomes non-superconducting or normal where its resistance is non-zero. There
is no field penetration provided the applied field is less than its critical field, B.. Type 1
superconductor behaves in accordance to the microscopic mechanism as describe by the
BCS theory.
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Figure 1. 3.  Magnetization of type | superconductors depending on the applied field.

On the other hand, in type-11 superconductor the transition from superconducting
to normal state is not immediate but gradual. When the applied field is bounded by the
lower critical field and the upper critical field, type Il superconductor demonstrates the
occurrence of partial penetration of magnetic field in the form of fine filaments or vortex.
(Abrikosov, A., 2003). The superconductor is said to be in a mixed state. Below the lower
critical field, the superconductor behaves like type | superconductor while above the
upper critical field the material is in the normal state.

Magnetization, M
A

Superconducting Normal
state Mixed ' state
state

p Applied Magnetic field, B

Figure 1. 4.  Magnetization of type 11 superconductors depending on the applied field.
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Since the discovery its discovery in 1911, superconductor has been utilized in a
variety of application. One of the most notable application is in transport vehicles where
superconductors function exceptionally well in response to magnetic levitation. With the
use of superconducting magnets located intermittently along the tracks, a magnetic field
is created enabling both levitation and propulsion of the MAGLEV. April 3, 1997 marks
the historic opening of Yamanashi Maglev Test Line, a landmark for the commercial use
of MAGLEYV technology. However, despite its advancement, MAGLEV vehicles are
limited by several factors such as temperature requirements and political as well as

environmental concerns.

Another example where superconductor is proven to be practically more superior
to other materials is in Magnetic Resonance Imaging (MRI), an application that is still
widely used in the medical field. MRI works by aligning the hydrogen nuclei from a
human body with the strong superconductor-derived magnetic field. Since protons at
different areas realign at different frequency, its magnetic resonance can be utilized to

map out soft tissue of the human body.

1.2 Problem Statement

Despite its outstanding potential to be the leading material in the advancement
technology, superconductor its development is constraint by multiple factors. One of the
major limitation is their restricted range of operating temperatures. Type-II
superconductor has an obvious advantage of Type-I superconductor as Type Il is able to
operate at a higher T, compared to Type-l. However, the highest T, recorded thus far is

only 138 K, limiting their range of practical application in consumer electronics.

Besides the limitation related to the theoretical aspect of superconductor, there is
also a restriction in terms of experimentation due to the lack of method and equipment in

the laboratory to test the electronic properties reliably and precisely.



1.3

14

Objectives Of Research

Objectives of this research are:

To study the change in the microstructure of YBCO with the addition of 0.00 wt%,
0.01 wt%, 0.02 wt%, 0.03 wt% and 0.04 wt% nonmagnetic PbO nanoparticles
To study the electrical transport properties of YBCO with the addition of 0.00
wt%, 0.01 wt%, 0.02 wt%, 0.03 wt% and 0.04 wt% nonmagnetic PbO
nanoparticles.

To develop a laboratory scale method in determining the electrical properties of
YBCO at liquid nitrogen temperature

Scope Of Study

The initial stages of the research involved the fabrication of the YBCO

superconductor. This involves three processes which are hand grinding, sintering and

pelletisation

After the fabrication process was the characterization of the YBCO

superconductor. The critical temperature at liquid nitrogen temperature was characterized

using four-point probe method. The microstructural changes were observed using XRD

and SEM machine. The Meissner effect of the YBCO superconductor was also be

observed.

Due to the lack of equipment in the laboratory, a fast, reliable and precise

technique of determining the electrical transport properties of YBCO at liquid nitrogen

temperature (77.2K) using four-point probe was developed.



CHAPTER 2

LITERATURE REVIEW

2.1 YBCO Introduction

In 1987, M. K. Wu and a team of researchers investigated the multiple-phase Y-
Ba-Cu-O compound at ambient temperature. They were able to observe an unfluctuating
and reproducible superconductivity transition between 80 and 93 K both resistively and
magnetically. To achieve superconductivity above 77 K, lattice parameter, the valence

ratio and the sample treatment play an important role. (Wu et al, 1987)
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Figure 2. 1.  Magnetic effect on resistance in YBCO

Source: Reproduced from (Wu et al., 1987)



2.2 Structure Of YBCO

A clear grasp on the structure is a prerequisite for understanding the properties of
a superconducting material. Therefore, the basic structure of YBCO superconductor has
been determined as a distorted, oxygen deficient multi-layered perovskite structure.
Specific points of the structure especially the configuration of Cu-O contributes to the
superconducting mechanism of the material. The perovskite structure of YBCO consist
of one yttrium atom for every third barium atom resulting in the YBa>CuzO7.5 formula.
The crystal structure of YBCO shows that there are oxygen vacancies in a Cu layer and
the critical temperature of the superconducting material is dependent on the oxygen
content. Hence, superconductivity takes place in between the layers of CuO2. The critical
temperature of the superconducting material increases with the increase in the layers of
CuO2. (G. Alecu, 2004)

Figure 2. 2. Structure of the double layered YBCO compound
Source: Reproduced from (Alecu, 2004)



2.3  Effects Of The Addition Of Nanoparticles

Over the years, numerous research has been conducted to achieve an improved
and more efficient superconducting materials by addition of nanoparticles. R. Abd-
Shukor et al., (2014) reported that with the addition of nano-sized Coz0s, there was no
significant changes to the onset transition temperature, T, for low C0304 (x = 0.02 wt%).
However, with the increase in Coz04 content, the T, decreases monotonically suggesting
the breaking of pairs for x = 0.03 to x = 0.12 wt%. A widening of the superconducting
transition width was also examined with increasing CosO4 content and a swift enhanced
broadening was observed for x > 0.11 wt%. In addition to that, a homogenous

distribution of Co304 throughout the sample was observed under scanning electron
micrographs.
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Figure 2. 3.  Electrical resistance versus temperature curves of YBa2CuQO7-6 for (a)
x=0t00.04and (b) x =0t00.12

Source: Abd-Shukor et al. (2014)



In another research by S.N. Abd Ghani et al., (2012), the effects of Fe3O4
nanoparticles addition on the superconducting and transport properties of YBa,CuzO7-s
was examined. From the study, it was discovered that the sample containing 0.02 wt%
FesO4 has the highest T at 87 K and the highest J.. at 77K up to 1683 mA/cm?. However,
with excessive addition of Fe3O4 (> 0.02 wt%), the T, and /. was suppressed. Hence,
based on the results, it was concluded that FesOy4 is able to act as an effective flux pinning
centers and optimized /.. Small amounts of magnetic nanoparticles can be applied to

enhance the transport critical density of YBCO superconductor.
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Figure 2. 4. X-ray diffraction patterns of YBCO with the addition of different amount
of FesO4

Source: Reproduced from (Nabil A. A. Yahya et at., 2013)

In regards to the addition of PbO nanoparticles, a research by Nabil A. A. Yahya
and Abd-Shukor was conducted in 2013 to observe the effects of PbO addition to
electrical transport properties of (Bi1.sPbo.4)Sr2Ca>,CusO10. Due to certain limiting factors,
such as its grain alignment, weak links between the grains and weak pinning of flux lines,

the critical current density of (Bi1sPbo.4)Sr2Ca,CuzO10 decreases in relation with the

10



increase of the magnetic field and temperature. In the research, (Bi, Pb)-2223(PbO)x
superconductor was fabricated using acetate co-precipitate method. There was a
significant enhancement to the J. with the addition of nanosized PbO with the highest
recorded /. for x = 0.05 wt%. The improvement of critical current density is believed to

be due to the effective artificial pinning centres providing additional flux pinning centers

in the (Bi1.6Pbo.4)Sr.CazCu3O1o.
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Figure 2. 5.  Jc of (Bi, Pb)-2223(PbO)x; (a) as a function of the temperature (30-77
K), and (b) PbO content at 30 and 77 K.

Source: Reproduced from (Nabil A. A. Yahya et al., 2013)
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2.4 Four-Point Probe

The four-point probe was first employed by L B. Valdes in 1954 when he tested
the resistivity measurements on germanium. The method involves four probes placed in
direct contact with the surface of the material. Current is then allowed to flow through the
two probes at the far end and the potential is measured using a voltmeter across the inner
pair of probes. When employing the method, it is assumed that the resistivity is uniform
across the material in the area of measurement, the four probes are lying in a straight line
on the surface of the material and the surface is flat, void of surface leakage. (L. B. Valdes,
1954)

Figure 2. 6.  Model of the four probe resistivity measurements

Source: Reproduced from (L. B. Valdes, 1954)

GALVANUMETER

{7 POTEMTIOMETER |
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DIRECT
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SOURCE * = =% = 4'

Figure 2. 7. Circuit used for resistivity measurements

Source: Reproduced from (L. B. Valdes, 1954)
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Along with the four-point probe, a thermocouple was utilized in measuring and

controlling the temperature at which the sample is placed in. In this research, type T

thermocouple was chosen due to its temperature range of -270°C to 370°C which will be

able to measure the temperature of the liquid nitrogen. Type T is also known as copper-

constantan thermocouple due to the material from which it is made. A simple formula can

be employed for the calculation of junction temperature from the measured EMF. Table

1.1 is the thermocouple reference table which shows the thermoelectric voltage as a

function of temperature (°C)

Table 2. 1.
Type T thermocouple reference table

Thermoelectric Voltage in Millivolts

« -0 99 8 -7 6 5 -4 3 -2 -1 0 °C °c 0 1
50 2036 2079

B0 2468 2512

70 2800 2053

260 6250 -6.256 -5.255 -6.253 5251 -5.240 -6.245 65242 6239 -6236 -6.232 -260 B0 3350 3403
250 -6.232 -6.228 6223 -6.213 5214 -5209 -6.204 6138 -6.193 -6.187 -6.1B0 -250 90 3814 3880
240 6180 6174 6167 -6.160 5153 -6.146 -6.138 6130 6122 6114 -6.105 -240 100 4279 4325
230 6105 65096 5087 6078 0GB -5050 -6.040 6038 6028 6017 -6007 -230 110 4750 4798
220 6007 5806 5985 5073 5962 5850 5930 5026 5914 5801 5800 220 120 5228 5277
210 -5808 5876 5063 -5.050 5836 -5823 -5.000 5795 5782 -576] -5.753 -210 130 5714 5763
200 -5753 -5.739 5724 -5710 -5695 -5680 -5.665 5550 -5.634 -5619 -5603 -200 140 6206 6.255
190 5603 -5.587 5571 -5.555 5530 -5523 -5506 -5.4B9 -5.473 5456 -5.439 -190 150 6704 6.754
B0 5430 5421 5404 5307 5360 5351 5334 5316 5207 5270 5261 -180 160 7200 7.260
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CHAPTER 3

MATERIALS AND METHODS

3.1 Introduction

The YBa>CuszO-7 superconductor powder in this study will be prepared by solid
state reaction technique as is typically employed when preparing polycrystalline material.
Cave et al., 2007 defines the process as a reaction between or within solid reactants to
yield a solid product. After the weight of each raw material was calculated based on their
balanced chemical equation, the process will use 4.52¢g yttrium oxide (Y203), 15.87 g
barium carbonated (BaCOz) and 9.9 g copper oxide (CuO). As in typical ceramic
procedures, high purity of about 99.99% of Y»03, BaCOs, and CuO will be used as
starting materials. These powders are to be grinded thoroughly and sintered in an oven at
900°C for 48 hours with intermittent grinding. Then, nonmagnetic PbO powder with
varying amounts will be added to the YBCO powder. The mixed powders will then be
grinded and pressed into pellets. After sintering the pellets at 900°C for 24 hours, they
will be subjected to a number of process to characterize the YBCO superconductor.

The process of characterization includes determining the resistivity, critical
current density, J. and critical temperature, T, of the superconductor using Four Point
Probe method, determining the microstructure using scanning electron microscope (SEM)

and determining the composition and phase of the YBCO using X-ray Diffractometer.



3.2 Flow Chart
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Figure 3. 1.  Flow chart of methodology of the experiment
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Figure 3. 2.  Procedure for characterization of sample
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3.3  Material And Apparatus

3.3.1 List Of Chemicals And Materials

Chemicals and materials used in this research are listed below:

Table 3. 1.

List of Materials and Chemicals used
No Materials and Chemicals Quantity
1 Yttrium Oxide, Y203 (powder) purity 7.55¢g
2 Barium Carbonate, BaCOs3 (powder) purity 26.45¢
3 Copper Oxide, CuO (powder) purity 169
4 Lead Oxide, PbO (powder) purity 0.01g
5 Liquid Nitrogen -
6 Silver Conducting Paint to attach pellets to wires -
7 Ethanol for cleaning apparatus and equipment -

Hydrochloric Acid for removing stains and residue from
crucible

oo

3.3.2 List Of Apparatus And Equipment

Apparatus used for sample preparation are listed below:

Table 3. 2.
List of apparatus and equipment used for sample preparation

No. Materials and Chemicals Quantity

Weighing Balance 1

Mortar and Pestle for grinding raw materials

Spatula

Furnace

Hydraulic Press and Pellet Mould

Vials

©| N o g w| N k-
gl Al ,| k| k| -

Crucible Bowl
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Equipment and apparatus used to characterize the samples are listed below

Table 3. 3.
List of apparatus and equipment used for sample characterization

No. Materials and Chemicals Quantity

Scanning Electron Microscope 1

X-ray Diffraction

Strong Magnet

Retort stand
Heat Shrink Tape
Wires (Blue, Red, Black, Yellow)
Type T Thermocouple

N o g B W N e
NN I

3.4  Sample Preparation

3.4.1 Solid State Reaction Method

The YBa>CuzO7 superconductor powder in this study was prepared by solid state
reaction technique as is typically employed when preparing polycrystalline material.
Cave et al., 2007 defines the process as a reaction between or within solid reactants to
yield a solid product. Solid state reaction was chosen as the method of choice as limited
to no side products will be form. (G. Kaupp, 2003) Besides that, no solvents will be

required and hence waste disposal of solvent is not an issue.

The experimental procedure of solid state reaction begins with the mixing or
grinding of the solid reactants. Grinding is used to break the materials into smaller
particles and homogenize the mixture. After weighing the reactants to the accurate
amount, several ways can be used to mix the reactants. One of which is by manual
grinding using a mortar and pestle. Other alternatives that can be used for grinding are
vortexes, glass homogenizers, ultrasonic treatment, and bead or grain mills. However, the

use of mortar and pestle can bring about several disadvantages. Contamination is very

18



likely to occur. In order to prevent contamination, the mortar and pestle, spatula, and vials
should be cleaned before using them for a new sample.

The next procedure of solid state reaction is sintering the mixed sample. Sintering
is a process whereby heat is applied to agglomerate the metal particles. Sintering is
commonly used to synthesise and consolidate advance materials such as superconductors.
During the sintering process, intergranular contacts and subsequently necks between the
particles are formed. The density of the aggregate may increase and continuous sintering
causes further necking and densification. The determination of sintering temperature is
dependent on the powder characteristics as well as the grain-size distribution, volume
fraction and formation of contact region of the aggregate. (V.V Mitic et al., 2011)

In this research, the amount of raw materials used was calculated balanced
chemical equation to be 7.55 g yttrium oxide (Y203), 26.45 g barium carbonated (BaCOz)
and 16.0 g copper oxide (CuO) for a total of 50 g. Using a mortar and pestle, the raw
materials was grinded until all traces of white powder of yttrium oxide disappears. This
was then followed by the sintering process in a furnace at 900°C for 24 hours with a
heating time of 1 hour 30 minutes. (R. Abd-Shukor et al., 2014)

Then, the sample was removed from the furnace and grinded further to ensure
homogeneity. After sintering a second time, at 900°C for 24 hours with a heating time of
1 hour 30 minutes, the sample was then divided into 5 equal parts and 0.00 wt%, 0.01
wit%, 0.02 wt%, 0.03 wt% and 0.04 wt% lead oxide (PbO) nanoparticle was added
respectively. 10 g of the sample was sintered to be sent for XRD analysis while the other

40 g was pressed into pellets for further analysis.

3.4.2 Pelletization

Pelletization by definition is an agglomeration process to form spherical units
called pellets from fine powder. (M. Hirjau et al., 2011). Pellet preparation involves a
pellet mould and a hydraulic press to introduce mechanical stress that allows the fine
powder to be pressed into pellets. An anvil is first placed inside a die chamber and filled

with pre-measured sample. The sample is then covered with another anvil followed by
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the plunger. The hydraulic press is utilized to compress the entire assembly with a suitable
force. The pellet is then extracted.

In the case of this research, the pellet mould has a diameter of approximately 12.0
mm. 1.5 g of YBCO with the addition of 0.00 wt%, 0.01 wt%, 0.02 wt%, 0.03 wt% and
0.04 wt% PbO nanoparticle respectively was added into the pellet mould and placed into
the hydraulic press. The hydraulic press was then put under pressure with a force of 25
kg/cm?® for 35 seconds. The pellets were then sintered at 900°C for 24 hours with a heating
time of 1 hour 30 minutes. The pellets form has a diameter of approximately 12 mm and

2.9 mm in thickness.

Table 3. 4.
The weight, thickness and diameter of each pellet after sintering
Sample Weight (g) Thickness (mm)  Diameter (mm)
Pellet 1 1.473 2.973 12.472
YBCO + 0.01wt%
Pellet 2 1.457 2.948 12.228
Pellet 1 1.460 2.979 12.740
YBCO + 0.02wt%
Pellet 2 1.480 2.989 12.820
Pellet 1 1.471 2.868 12.291
YBCO + 0.03wt%
Pellet 2 1.473 2.878 12.295
Pellet 1 1.475 2.879 12.391
YBCO + 0.04wt%
Pellet 2 1.479 2.908 12.416
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3.2 Sample Characterization

3.2.1 X-Ray Diffraction (XRD)

Figure 3. 3.  X-ray Diffractometer

The principle purpose of X-ray diffraction is for determining the crystal structure
of materials, phase identification, qualitative and quantitative analysis and to control the
quality of raw materials and products. X-ray diffraction utilizes the concept of destructive
and constructive interference when an x-ray beam hits an atom. A diffracted beam is

therefore composed of scattered rays mutually reinforcing one another.

Relating to this research, the XRD machine used is the Rigaku Miniflex X-Ray
Diffractometer. The X-ray is generated by Cu Ka radiation sifted bt a Ni channel and has
a wavelength of 1.54A. To ensure reflections from various (h,k,1) planes, the sample was
packed to a flat surface onto a sample holder. It was then set to measure powder
diffraction patterns in the range of 3° to 90° in two theta (20) scanning range, at the scan

rate of 3°/min and with the step size of 0.02°.
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3.2.2 Scanning Electron Microscopy (SEM)

T ) .
[ —

Figure 3. 4.  (a) Scanning electron microscope (b) Sputter coater

Scanning electron microscope is able to scan a sample with a focused beam to
obtained images and information on the topography and composition of the sample. In a
scanning electron microscope, an electron beam is generated in high vacuum by
thermionic emission from a tungsten wire. Electromagnetic lenses then condense the
electron beam and is transmitted through the sample. The image is then focused and

projected onto a screen.

In this research, the SEM machine used is of the brand Carl-Zeiss. To begin, the
sample was cracked slightly to observe the internal structure of the sample and then
coated with a thin layer of platinum to improve the imaging of samples. The electron high
tension (EHT) of the SEM was set to 8 kV and other appropriate parameters such as the
magnification, contrast and aperture alignment was set. The detector chosen in this case

was SE1 detector, which is commonly used for general purpose imaging.
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3.2.3 Four Point Probe

Thermocouple

Figure 3.5.  (a) Four-point probe (b) Experimental set-u p to test for critical
temperature

The four-point probe was constructed to test the critical temperature of the
superconductor. Four wires of varying colours (Black, Yellow, Blue and Red) was cut to
equal length of 2 m, attached to banana plugs and fed through a heat shrink tube. The
exposed wires were then attached permanently soldered onto an electrical connector. Two
wires (Black and Yellow) were attached to the far end of the connectors whereas the other
two wires (Red and Blue) were attached to the inner points of the connectors. Four single

strand of wires were also soldered on the other end of the electrical connector.

The two outer wires were then connected to a current source and the inner wires
was connected to a voltmeter to obtain a voltmeter reading. A thermocouple was also

attached to the voltmeter as well.

The electrical connector and pellet was attached to a board using double sided
tape. The single strands of wires were connected to the pellet using silver connecting
paint. The thermocouple was attached to pellet with tape as well. A current of 140 mA
was applied to the pellet. The entire connection was then wrapped in aluminium foil and
lowered very slowly into liquid nitrogen to ensure even cooling of the pellet. The whole
system was measured by a Cassylab software on a laptop to measure the reading of

voltage across the pellet as well as the voltage of the thermocouple.
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3.5.4 Meissner Effect

Meissner effect is the phenomenon when a superconductor at its critical
temperature repels the magnetic field. This causes the superconductor to levitate above a

magnet showing positive superconductivity.

In this case, the magnet use is Neodymium magnet. The magnets were arranged
in rows of two to ensure even distribution of magnetic field. Each magnet has a size of
1.5mmx6.5mmx2.0mm and has a strength of 1.175T. The superconductor pellet was first
immersed in liquid nitrogen and after several seconds, it was removed and placed on the

magnet. The duration of the levitation was recorded and analysed.
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CHAPTER 4

RESULT AND DISCUSSION

4.1  Microstructure Analysis

4.1.1 X-Ray Diffraction (XRD) Analysis

Figure 4.1 to figure 4.4 shows the XRD patterns of YBCO with the addition of
0.00 wt%, 0.01 wt%, 0.02 wt%, 0.03 wt% and 0.04 wt% PbO respectively. Figure 4.5
shows the normalized graph of YBCO with the addition of varying amount of PbO

nanoparticle. The lattice parameter of each sample are summarized in Table 4.1.

When oxygen vacancies are present in the copper layer of the structure, YBCO
has a tetragonal structure that is insulating and non-superconducting. However, in excess
oxygen, the oxygen sites are occupied causing an elongation in of the b axis of the lattice
parameter and hence distorting the shape of the structure from a tetragonal to an

orthorhombic structure.

Using the information obtained via the XRD analysis, the lattice parameter of the

structure can be calculated as follow.
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Figure 4. 1. XRD spectra of YBCO with the addition of 0.00 wt% PbO with
corresponding Miller indices of each peak

Figure 4.1 shows the XRD spectra of YBCO with the addition of 0.00 wt% PbO
with corresponding Miller indices of each peak. The highest peak intensity recorded was
820 cps at 32.769° on the plane (1,0,3). The lattice parameter calculated for x =
0.00 wt% was a = 3.838714, b = 3.8891A and ¢ = 11.644A.
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Figure 4.2. XRD spectra of YBCO with the addition of 0.01 wt% PbO with
corresponding Miller indices of each peak

Figure 4.2 shows the XRD spectra of YBCO with the addition of 0.01 wt% PbO
with corresponding Miller indices of each peak. The highest peak intensity recorded was
2883 cps at 32.880° on the plane (1,0,3), followed by the second highest peak at 1412 cps
at 32.619° on the plane (0,1,3). No obvious PbO peak was detected in the sample as the
addition of the nanoparticle was not significant enough. The lattice parameter calculated

for x = 0.01wt% was a = 3.8721A, b = 3.82914A and ¢ = 11.618A.
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Figure4.3. XRD spectra of YBCO with the addition of 0.02 wt% PbO with
corresponding Miller indices of each peak

Figure 4.3 shows the XRD spectra of YBCO with the addition of 0.02 wt% PbO
with corresponding Miller indices of each peak. The highest peak intensity recorded was
1722 cps at 32.910° on the plane (1,0,3), followed by the second highest peak at 818 cps
at 32.667° on the plane (0,1,3). No obvious PbO peak was detected in the sample as the
addition of the nanoparticle was not significant enough. The lattice parameter calculated

for x = 0.02wt% was a = 3.87504, b = 3.8158A and ¢ = 11.619A.
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Figure 4. 4.  XRD spectra of YBCO with the addition of 0.03 wt% PbO with
corresponding Miller indices of each peak

Figure 4.4 shows the XRD spectra of YBCO with the addition of 0.03 wt% PbO
with corresponding Miller indices of each peak. The highest peak intensity recorded was
2726 cps at 32.812° on the plane (1,0,3), followed by the second highest peak at 1259 cps
at 32.550° on the plane (0,1,3). No obvious PbO peak was detected in the sample as the
addition of the nanoparticle was not significant enough. The lattice parameter calculated
for x = 0.02wt% was a = 3.8228A, b = 3.8930A and ¢ = 11.679A.
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Figure 4.5. XRD spectra of YBCO with the addition of 0.04 wt% PbO with
corresponding Miller indices of each peak

Figure 4.4 shows the XRD spectra of YBCO with the addition of 0.04 wt% PbO
with corresponding Miller indices of each peak. The highest peak intensity recorded was
2906 cps at 32.915° on the plane (1,0,3), followed by the second highest peak at 1480 cps
at 32.650° on the plane (0,1,3). No obvious PbO peak was detected in the sample as the
addition of the nanoparticle was not significant enough. The lattice parameter calculated

for x = 0.04wt% was a = 3.81644A, b = 3.877A and ¢ = 11.6578A.
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Figure 4.6. XRD pattern for normalized graph of YBCO with the addition of varying
amount of PbO nanoparticle with corresponding Miller indices of each peaks

Figure 4.5 is the normalized graph of YBCO with the addition of varying amount

of PbO nanoparticle. From the graph, it is observed that the XRD pattern and peaks of the

samples remained relatively similar with the highest peak intensity to be at approximately

32.8° on the (0,1,3) plane. The addition of PbO nanoparticle shows little to no impact on

the composition of the sample due to its insignificant amount.

Table 4. 1.
Lattice parameter for each sample
Sample a(A) b (A) c(A)

YBCO + 0.00wt% PbO 3.8387 3.8890 11.644
YBCO + 0.01wt% PbO 3.8721 3.8291 11.618
YBCO + 0.02wt% PbO 3.8750 3.8158 11.619
YBCO + 0.03wt% PbO 3.8228 3.8930 11.679
YBCO + 0.04wt% PbO 3.8164 3.8770 11.657
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From the calculation of the lattice parameter, all samples show that it has an
orthorhombic structure where a # b # c. The therefore assumed that superconductivity

IS not destroyed by the addition of PbO nanoparticles.

4.1.2 Scanning Electron Microscopy (SEM)

There were cracks on the non-added sample presumably due to its surrounding
humidity which have hindered further experimentation and analysis. Hence, the following
results is compared only between the samples with varying amount of PbO nanoparticles.

Scanning electron microscopy was used to determine and analyse the surface
morphology of the samples. Figure 4.7 shows the SEM mircrograph for samples with
0.01 wt% PbO nanoparticle at a magnification of 300x, 500x, 800x and 1000x. Figure 4.8
shows the SEM mircrograph for samples with 0.02 wt% PbO nanoparticle at a
magnification of 300x, 500x, 800x and 1000x. Figure 4.9 shows the SEM mircrograph
for samples with 0.03 wt% PbO nanoparticle at a magnification of 300x, 500x, 800x and
1000x. and figure 4.10 shows the SEM mircrograph for samples with 0.04 wt% PbO
nanoparticle at a magnification of 300x, 500x, 800x and 1000x.

The black areas are pores whereas the grey areas are randomly oriented
superconducting crystals. All the samples showed dense microstructure with minimal
porosity. In addition to that, the results also show that the samples have an irregular
surface and irregular pore size and shape. Previous research has showed that the addition
of nanoparticles as impurities may cause an increase in porosity. (S. Terzievaet al., 2005).
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Figure 4. . SEM micrograph of YBCO with e addition of 0.01 wt% PbO
nanoparticle at (a) 300x, (b) 500x, (c) 800x and (d) 1000x magnification
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Figure 4. 8. " micrograph oBCO with the addition of 0.02 wt% PbO
nanoparticle at (a) 300x, (b) 500x, (c) 800x and (d) 1000x magnification
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Figure 4.9. SEM micrograph of YBCO with the addition of 0.03 wt% PbO
nanoparticle at (a) 300x, (b) 500x, (c) 800x and (d) 1000x magnification
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Figure 4. 10. SEM micrograph of YBCO with the addition of 0.04 wt% PbO
nanoparticle at (a) 300x, (b) 500x, (c) 800x and (d) 1000x magnification
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4.2  Electronic Properties Analysis

4.2.1 Meissner Effect Analysis

Figure 4. 11. YBCO pellet showing Meissner effect

The sample levitates above a magnet due to Meissner effect. Table 4.2 shows the
recorded levitation time of each sample above a row of Neodymium magnets before it
drops. The levitation is an indication of superconductivity of the samples at its critical
temperature. Once the samples are no longer at its critical temperature, Meissner effect

cease to occur.

Table 4. 2.
Levitation time for each sample
Sample Timel(s) Time2(s) Time 3 (s) Average (S)

YBCO + 0.00wt% PbO <2 <2 <2 <2
YBCO + 0.01wt% PbO <2 <2 <2 <2
YBCO + 0.02wt% PbO 11.48 15.39 14.85 13.91
YBCO + 0.03wt% PbO 21.62 21.73 20.31 21.22
YBCO + 0.04wt% PbO 23.53 25.36 25.04 24.65
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The non-added sample as well as the sample with 0.01wt% addition shows a
levitation time of less than 2 seconds whereas the sample with 0.04 wt% addition has the

longest levitation time.

The levitation time of sample in this case is not an accurate indication of the
critical temperature. This is because when the sample is submerged into liquid nitrogen,
it is assumed that it is at its critical temperature. However, when the sample is removed
from liquid nitrogen to be transferred to the magnet, its temperature slowly rises until it
Is no longer at critical temperature. The rate at which each sample is heated to room
temperature may not be the same. A four point probe analysis was therefore conducted to

obtained a more accurate reading of its critical temperature.

4.2.2  Four Point Probe Analysis

Although there may be inaccuracies in the reading from the four-point probe
analysis, an estimated reading was able to be obtained and can serve as an early indication
of the effect of nanoparticle addition on the superconductor. Due to faulty voltage reading,
the critical temperature of the sample was difficult to obtain and hence appeared to lower
the critical temperature instead of increasing it. The measurement and analysis of current

density of the superconductor sample was not carried out due to similar reasons.
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Figure 4. 12. Resistance against temperature graph for YBCO with the addition of
0.01 wt% PbO nanoparticle.

From the graph, it is observed that the resistance drops abruptly from 13.0 Q to 0
Q when the temperature reaches 88.67 K.
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Figure 4. 13. Resistance against temperature graph for YBCO with the addition of
0.02 wt% PbO nanoparticle.

From the graph, it was observed that the resistance drops abruptly from 13.4 Q to
0 Q when the temperature reaches 89.18 K.
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Figure 4. 14. Resistance against temperature graph for YBCO with the addition of
0.03 wt% PbO nanoparticle.

From the graph, it is observed that the resistance drops abruptly from 7.85 Q to 0
Q when the temperature reaches 87.67 K.

39



— 0.04 wt%

= = =
o ) N
1 1 L

Resistance(Q)
(o]
|

0 T T T T T T T T
50 100 150 200 250 300

Temperature (K)

Figure 4. 15. Resistance against temperature graph for YBCO with the addition of
0.04 wt% PbO nanoparticle.

From the graph, it is observed that the resistance drops abruptly from 12.88 Q to
0 Q when the temperature reaches 89.82 K.
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Figure 4. 16. Resistance against temperature graph for YBCO with the addition of
varying amounts of PbO nanoparticle.

Table 4. 3.
Critical temperature for each sample
Sample Critical Temperature, T, (K)
YBCO + 0.01wt% PbO 88.67
YBCO + 0.02wt% PbO 89.18
YBCO + 0.03wt% PbO 87.67
YBCO + 0.04wt% PbO 89.82

Based on the graph of resistance against temperature for YBCO with the addition
of varying amounts of PbO nanoparticle and the table of sample with its corresponding
critical temperature, the addition of 0.04 wt% of PbO nanoparticle to YBCO showed the
highest critical temperature followed by 0.02 wt% addition, 0.01 wt% addition and finally
0.03 wt% addition. Hence, the critical temperature somewhat increases as the
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nanoparticle addition increases with the exemption of 0.03 wt% nanoparticle addition.
This shows that further increment in critical temperature is possible with increasing
amount of nanoparticle. Therefore, subsequent research can be conducted to further show
the maximum amount of nanoparticle addition that can yield the highest critical

temperature.

However, there may be inaccuracies in the reading due to multiple factors. Faulty
equipment and lack of proper apparatus are some of the causes that may have contributed
to the discrepancies. Besides that, the samples may have impurities or contamination that
will affect the performance of its superconductivity.
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CHAPTER 5

CONCLUSION AND RECOMMENDATION

51 Conclusion

YBCO superconductor with the addition of PbO nanoparticle was successfully
fabricated using solid state reaction method. The effect of nanoparticle addition on the
phase formation and microstructure was studied using X-ray diffractometer and scanning
electron microscope respectively. From the results, it was observed that there were no
apparent changes between the non-added sample and the sample with the addition of
nanoparticle. The small addition of nanoparticle was not significant enough to affect the
microstructure and the phase formation of the YBCO sample

Meissner effect was also tested to study the presence of superconductivity.
Levitation of sample above the neodymium magnet shows that the sample is
superconducting. All samples which includes the non-added sample as well as the
samples with the addition of varying amounts of nanoparticle show positive results when
suspended over the magnet. The longest levitation time was studied to be for the sample
with 0.04wt% nanoparticle addition with an average time of 24.65s. The levitation of the
sample is an early indication that it has a higher critical temperature.

The critical temperature was determined using a four-point probe. Based on the
results, it was observed that the highest critical temperature was for the sample with 0.04
wit% nanoparticle addition. However, a more accurate critical temperature could not be

determined due to several errors in reading the voltage of the results.



5.2 Recommendations

The following are recommendation that can be done to improve the performance

and results of the study:

1. The pelletisation proved to be a challenge as the equipment and method used was
not ideal to remove the pellets from the pellet mould. A pellet extruder should be included

with the equipment to reduce defects or damages to the sample.

2. The pellet should be kept with silica gel to avoid humidity. Humidity will cause
the pellets to crack and break which may affect the testing of the pellets.

3. A more proper and accurate reading of the voltage should be obtained with
better and precise equipment and software, besides also proper understanding on the use

and handling of the equipment.

4. As the results of the experiment shows a continuous increase in critical
temperature with the addition of nanoparticles until 0.04 wt% addition, further study
need to be carried out in order to determine the highest amount of nanoparticle addition

that can yield an increase in critical temperature.
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APPENDIX A

Calculation of Material Use

Y203 +4BaCO3 + 6Cu0 —— t
Molar Mass = (225.81) + 4(197.33) + 6(79.55)
= 1492.47 g/mol

To produce 50 g of YBa>CuzOy,

Y203 : xg : 1 mol : 225.81 g/mol
t : 509 1 mol : 1492.47 g/mol

x  1(22581) g

50 1(1.492.47) mol

_ 50 1(225.81) g
* = 00X 17729247 mol
x = 7.55g
BaCOs : vy : 4 mol : 197.34 g/mol
t : 50g 1 mol : 1492.47 g/mol

y _ 4(197.34) g
50 1(1.492.47) mol

(50 1(197.34) g
Y = O0X 1079247  mol
y =2645¢g
CuO : A : 2 mol : 79.55 g/mol
t : 509 1 mol : 1492.47 g/mol

z  2(7955) g
50 1(1.492.47) mol

— (50)x 2(79.55) ¢
z = O0X 10 752.47) mol
z =160g

Therefore, the amount of Y203, BaCOz and CuO required to produce 50 g of YBa>Cuz0y,
are 7.55 g, 26.45 g and 16.0 g respectively.
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APPENDIX B
Lattice Parameter Calculation

1 k> k2 PP

dz_az—l_b_z_i_c2

For YBCO + 0.00 wt% PbO

At (0 10) plane

1 12
3.8892  p2
b =3.889 A

At (2 2 0) plane
1 22 22

13662 a2 @ 3.8892

4

— = 0.5359 — 0.2645
a

@ _ 3.6840

4 - .

a=3.83874A

At (01 4) plane
112 N 42
2.33052  3.8892 = (2

16
— = 0.1841 — 0.0661
c

2

C

— = 8.4746
16
c=11.644 A

Therefore, the lattice parameter for non-added YBCO sample is
a=3.8387A,b = 3.889 Aand c = 11.644 A.
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For YBCO + 0.01 wt% PbO

At (00 2) plane

1 22
5.8092 (2
c=11.6184

At (01 2) plane
112 22

31972 b2 T 116182
1

-3 = 0.0978 — 0.0296
2

b
T 14.6702

b =3.8291 A

At (11 2)plane
1 12 12

22

246562 a2 * 3.82912 * 11.6182

1
— = 0.1645 — 0.0682 — 0.0296

a?
a? = 14.9925
a=2387214A

Therefore, the lattice parameter for non-added YBCO sample is

a=2387214A,b=3.8291Aandc = 11.618 A.
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For YBCO + 0.02 wt% PbO

At (0 2 0) plane

122
1.90792 b2
b =3.8158 A

At (00 3) plane

1 32
3.8732 (2
b=11.6194A

At (10 3) plane
1 12 32

273902 a2 T 11.6192
1

— = 0.1333 — 0.0667
a

a? = 15.015
a = 3.8750

Therefore, the lattice parameter for non-added YBCO sample is

a=23.8750A4,b =3.8158Aandc = 11.619A
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For YBCO + 0.03 wt% PbO

At (2 00) plane

1 22
1.91142 @2
a=3.8228A

At (0 2 0) plane

1 22
1.94652 b2
b =3.8930A

At (00 3) plane

1 32
3.8932 (2
c=11.679 A

Therefore, the lattice parameter for non-added YBCO sample is

a=23.82284,b =3.8930Aandc = 11.679 A.

o1



For YBCO + 0.04 wt% PbO

At (2 00) plane

1 22
1.90822 @2
a=3.8164A

At (0 10) plane

1 12
3.8772 b2
b=3877A

At (00 7) plane

17
1.66542 (2
c=11.658A

Therefore, the lattice parameter for non-added YBCO sample is

a=23.8164A4,b=3.877Aandc = 11.658 A.
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APPENDIX C

Calculation of critical temperature, Tc

50
Equation y=a+b*
Plot B
Weight No Weighting
O - Intercept 1498.33333
Slope -6696.9697
Residual Sumof Squares 0
Pearson's r -1
~ R-Square(COD) 1
é Adj. R-Square
-50 4
()
S
2
@®
@
o -100
(<)
l_
-150 H
-200 ~
I T T T T T T T T T T T T T I

0.215 0.220 0.225 0.230 0.235 0.240 0.245 0.250 0.255
Voltage (V)

Using the function of the line y = —6696.97x + 1498.33, the corresponding recorded

temperature of the thermocouple was calculated.

The resistance was calculated using the formula;

V=IR
R_I
v

The graph of resistance against temperature was then plotted as shown in Figure 4.11 to
Figure 4.14
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