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EFFECT OF NICKEL OXIDE ADDITION ON YBCO SUPERCONDUCTOR
PROPERTIES PREPARED BY SOLID STATE REACTION

Abstract

In this project, the YBCO superconductor was added with nickel oxide. The sample was
prepared by mixing the chemical powder. Then, the mixed powder grounded and calcine
at 900°C. After pelleting with 1 ton of pressure, the sample sintered at 960°C. There are
a few test to investigate the performance of the samples. The sample characterizations
are analyzed by using three technique such as XRD,XRF and resistivity measurement.
The techniques are X-ray diffraction analysis to determine the structure and phase
formation of the sample while the multi-meter to measure the resistivity of the sample at
room temperature and XRF for elemental analysis. The sample with highest composition
that is 0.12 wt% has the highest resistivity. XRD analysis result shows that the sample
structure are slightly changing with the addition element NiO with composition NiO
0.08, 0.10, and 0.12 wt%. All the sample have orthorhombic structure and have different
lattice parameter. The XRD also shows the addition element has decrease the sample
porosity. To measure the sample resistivity, multi-meter was used in room temperature.
A type of circuit was built and a battery with a voltage of 1.3 was used. At composition
0.08 Wt%, the resistivity measure was 5.7307 x10 Qm. At composition 0.10 wt%, the
resistivity calculated was 9.5513x10° Qm. At composition 0.12 wt%, the resistivity
calculated was 17.1924 x10° Qm. XRF analysis shows that there are a very small
impurities in the sample. From the tests result, the higher the composition of NiO, the
higher the resistivity of the sample. This can be proven by the reading of the resistance
by the multimeter test.



KESAN PENAMBAHAN NIKEL OKSIDA KE ATAS SIFAT-SIFAT YBCO
SUPERKONDUKTOR DISEDIAKAN MELALUI TINDAK BALAS PEPEJAL

Abstrak

Dalam projek ini, YBCO ditambah dengan bahan nikel oksida. Sampel YBCO ini telah
disediakan dengan pencampuran serbuk bahan kimia. Kemudian, bahan tersebut dikisar,
dan dipanaskan pada suhu 960°C. Selepas ditekan pada kadar tekanan 1 tan, pelet
tersebut dibakar pada suhu 900°C. Beberapa ujian telah dijalankan untuk menguji
prestasi sampel-sampel tersebut. Pencirian sampel dilakukan dengan menggunakan dua
kaedah. Kaedah-kaedah tersebut ialah ujikaji multimeter untuk mendapatkan rintangan
elektrik pada suhu bilik dan pembelauan sinar-X (XRD) untuk menentukan struktur dan
fasa sampel dan juga XRF untuk analisa komposisi bahan. Komposisi 0.12 bt%
mempunyai kerintangan yang paling tinggi. Keputusan pembelauan sinar-X (XRD)
menunjukkan bahawa struktur sampel mengalami sedikit perubahan dengan
penambahan NiO daripada komposisi x=0.08 bt% sehingga x=0.12 % bt. Semua sampel
mempunyai struktur ortorombik dan mempunyai ukuran kekisi yang tidak sama pada a,
b, c.. XRD juga menunjukkan bahawa nikel oksida telah mengurangkan keporosan
sampel. Untuk mengukur kerintangan sampel tersebut, multimeter telah digunakan
dalam suhu bilik. Sejenis litar telah dibentuk dan satu bateri yang mempunyai voltan
sebanyak 1.3v telah digunakan. Pada komposisi 0.08 bt%, kerintangan yang telah
dicatatkan setelah membuat pengiraan adalah, 5.7307x10° Qm. Pada komposisi 0.10
bt%, kerintangan yang telah dicatat adalah 9.5513x10 Qm. Pada komposisi 0.12 bt%,
kerintangan yang dicatat ialah 17.1924x10 Qm. Ujian meter pelbagai yang dijalankan
memberikan gambaran bahawa kerintangan elektrik pada suhu bilik meningkat secara
berperingkat dengan komposisi x = 0.08, 0.10 dan 0.12 % bt. Analisa XRF menunjukkan
sedikit bahan asing telah dikesan dalam sampel. Daripada keputusan ujian yang telah
dilakukan, rintangan meningkat apabila komposisi bahan tambahan meningkat.
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CHAPTER 1

INTRODUCTION

1.1  Background of Study

The mercury was first experimented for resistance by Heike Onnes. It was
discovered that the Helium reach zero resistance when under transition temperature. It
means that the material loss all of its resistance under 4.2 K. Superconductivity, is a
phenomenon of a zero electrical resistance and repulsion of magnetic field when cooled
below critical transition temperature. In normal material, the resistance of metal
decreases as the temperature decreases but there are still resistance even at near zero. In
superconductor, the resistance drop to zero when it reached the critical transition
temperature. Their conducting properties may be altered in useful ways by the deliberate
introduction of impurities into the crystal structure (Rana et al., 2016). The difference
between the superconductor and the usual conductor can be observed based on their
magnetic properties (Rana et al, 2016). There are magnetic fields around the
superconductor that can cause it to lift small over the surface when immersed in liquid
nitrogen. This phenomenon is called the Meisner Effect. The conductivity of the
superconductor is determined by the electrical properties, magnetic properties and

structural morphology of the YBCO (Volochova, 2013).
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1.2 Problem Statement

The superconductor is mainly used because of the magnetic properties and in the
electrical application (Ruppert, 2013). In regular conductor, there are a lot of
resistance and this will cause the energy loss to the surrounding. The use of
superconductor will solve this but it has to be in their critical temperature. The
superconductor was limited by many factors such as low transition temperature,
surface defects, and high cost of maintenance due to low transition temperature.
These factors can limit the performance of the superconductor in industry. In order
to solve this, there are many research has been done to improve the superconductor
properties. It was proven by the previous research that by adding a new element to
the superconductor, the properties of the superconductor can be enhanced
(Volochova et al, 2014) . The superconductors have become a very effective material
in electronic application. In this research, the superconductor was added with NiOs.
There are researches that suggesting the addition element will improve the phase

formation of the YBCO (Rana et al, 2016).

1.3 Objectives

The objectives of this research are:

I.  To study the phase formation of YBCO with NiO addition using X-Ray
Diffraction and X-Ray Fluorescence.

ii.  To identify the resistivity of YBCO added with NiO at room temperature.
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CHAPTER 2

LITERATURE REVIEW

2.1 Introduction of YBCO

Yttrium-Barium-Copper-Oxide (YBCO) is a type Il high temperature
superconductor. The superconductivity is depending on the hole and electron
concentration present. Previous research finds that YBCO has highest transition
temperature (Tc) that is 92 K (Vidya et al., 2011). The unit cell of the YBCO is an
orthorhombic structure (Ivan, 2016). The CuO, molecule are interconnected with
CuOsand then provide additional electron density (Rana et al., 2016). The YBCO in
bulk form can lift a small magnet when immersed in nitrogen liquid. This is caused
by the repulsion of the YBCO magnetic field. This phenomenon is called Meisner
Effect. YBCO is a critical temperature and single grain superconductors (Volochova
et al.,, 2014). There are various methods to prepare YBCO such as sol-gel method
and solid state reaction. In this research, the method used for synthesize the
superconductor is solid state reaction. The YBCO has two main properties that are
structural properties and magnetic properties. Addition to the YBCO superconductor

will make it has higher transition temperature and higher critical current density and
3



can influence other properties (Volochova et al, 2013). The addition of NiO should be

in optimum to lead for better samples.
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Figure 2.1 Levitation of Superconductor

(imagesco, 2007)

The defining parameter of superconductor is it must be capable to allow large
amount of electricity to flow. The YBCO contain CuO2 that produce anti-
ferromagnetism properties. Superconductors are now can be combined with other
elements such as Ferro-magnets to enhance the conductivity by modified the
magnetic flux lines (Philippe et al., 2014). In other research, addition of element will
decreasing the band gap which improves conductivity (Dadras, 2016). Besides that,
many of the research shows that impurities in YBCO increase the critical current
density of the YBCO which contribute to conductivity of the YBCO (Volochova et

al., 2013).

Based on the research done, there are slightly changes in the structure and

formation of the superconductor after addition element was added. The crystallite size
4



of the superconductor are increased after addition of Sm (Rana et al., 2016). Increase
in crystallite size can be considered as good crystallinity. In other research, it shows
that impurity atoms substitute atoms in the crystal lattice of superconductor, suppress
conductivity and act as additional pinning center (Li et al, 2015). But there is also
research that shows that high composition of Sm can cause to shorter strain .It was
cause by the large substitution of Sm ions in Barium lattice. The shortening of the
strain might be cause by defects such as vacancies and random distribution of the ions
(Rana et al., 2016). In other research, there is also stated that the superconductor with

addiition elements have better crystallization (Sun et al., 2015).

2.2 Addition of element in superconductors

The movement of the vortices can cause energy loss in a superconducting
material. If CuO; is not developed, the flux tends to move because the current flow

along the vortex is according to the Lorentz law in equation 2.1.

Equation 2.1

As noted, it is very important to make sure the current through a superconducting
material can flow at zero resistivity. Theoretically, the current density of the type two

superconductor was higher (Fuger et al, 2010). However, the Jc value can be increased if



the vortex motion can be stopped by flux pinning so that the vortex does not move. Flux
pinning carried by adding impurities into the superconducting material (Lee et al, 2011).
The overall critical current density in a superconducting material is also determined by

temperature and the resistance.
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Figure 2.2 Flux pinning center in superconducting material
(Harada, 2003)

Zero resistance is one of the most important parameter that must be focused in order to
create a good superconductor (Fallis, 2013). A superconductor must be able to conduct
large amount of electricity without releasing heat. Generally, superconductor will reach
to zero resistance below transition temperature and it is different by the materials
composition. The current that flow in the superconductor is known as current density.
The current will create magnetic field around the superconductor. The current density of
superconductor are depends on the dimension, microstructure and the flux pinning (Lee

et al, 2011).



Based on a few research done before, it shows that Samarium can increase the
superconductivity by adding flux pinning center to the superconductor (Lee et al., 2011).
Also stated in the research that, the current density of the superconductor are influenced
by the concentration of the addition element (Lee et al., 2011). In other research did
mention that current density and flux pinning can be improved by adding other elements
(Meijuan et al, 2015). The magnetic field around the superconductor makes it suitable
for applications that involved high magnetic fields and high temperature such as

electronic device.

2.3 Cooper Pairs Theory

The electron pairs move in an orderly manner without causing energy loss.
This allows the electron pairs move without any resistance (Pair, 2016). As a result,
the two electrons are bound together to form Cooper pairs. Cooper pair bonding force

called energy gap Eg is 10-3eV, which will cause low-temperature superconductors.

At transition temperature, the vibration of the virtual phonon is gone. The
virtual phonon will produce positive charge between them (Nave, 2010). Electron
which has negative charge will attracted, thus will produce two electron moved at the
same time. The two electron pairs are called Cooper pairs. Part of Cooper pairs will
split and cause excess electrons interact with the other Cooper pairs. This will cause

the electron move in straight line without colliding with the lattice atom (Pair, 2016).



While superconductors are cooled to very low temperatures, electrons of a Cooper
pair still formed. When superconductors absorb heat, vibrations in the lattice will
grow and break Cooper pairs and eliminate the conductivity properties of the

material.

Figure 2.3 The establishment of cooper pairs in the lattice of positively charged ions

(Bob Emery, 2002)

Superconductivity can be explained by three factors, namely, the critical temperature
(Tc), critical field (Bc) and the critical current density (Jc). Zero resistance phenomena
are very important characteristic for superconducting materials(Li et al., 2015). The
resulting currents in superconducting coils will causes everything flows without
resistance and heat loss. Superconducting materials will have zero resistance below a
critical temperature (Tc) (Li et al., 2015). This critical temperature is different for each

composition.

The current flowing through the superconductor material is known as the critical

current density (Jc). The critical current density is influenced by temperature



(Volochova et al., 2013). The higher resistance, the higher the temperature obtained. The

current flows through the material to produce a magnetic field.

A

Magnetic Field

Cc

Critical Temperature

Current density

Figure 2.4 The relationship between the parameters Hc, Jc and Ic

2.4 YBCO Unit Cell System

High temperature superconductors LBCO found in 1986 is a CuO based
superconducting material (Coombs, 2012). This material is the beginning of the high-
temperature superconductor discovery. The CuO is the base of the superconductor

(Nave, 2010).

YBCO is a compound of the formula YBa,Cu3O;. It Have a Yi,3 phase.
YBCO superconductor is a material which has a critical temperature (Tc) above the

temperature of liquid nitrogen (77K) and reaches a temperature of 93 K (Bednorz,
9



2009). Superconductor YBCO has two layers CuO, and the CuO, chains. In 1987,
YBCO material was discovered. Y represents part of rare-earth elements. This
material has a rather complicated structure and its oxygen content plays an important
role in achieving superconductivity orthorhombic Y3 phase structure. Dimensions
for YBCO isa=23.82 A, b=23.89 A and c = 11.68 A. Reduction of oxygen in the
YBCO layer plays an important role in CuO,. Moreover, the Y atom layer located
between layers CuO,. When the position for the Y and Ba are like Ba-Y-Ba in the
structure of YBCO. There is also a chain between the Cu-O-Cu in the crystal (Figure

2.5).

YBCO is a compound of the formula YBa,CuzO;. Having a Y13 phase,
YBCO is also trying to show high superconductivity. Existence of Cu-O layer is
important in YBCO because the layer will increase superconductivity (BCS Theory
and Superconductivity, 1972). However, with the discovery of high-temperature
superconductors, it can be shown that Cu-O chains should not be taken serious. The
chain is only acting as a storage charge for the structural element. Valence for Cu
plays an important role in YBCO . This is because, the electronic structure identified

by the valence Cu.

In addition, the structure of the YBa,CuzO7.5, where & = 0, indicate where
sample YBCO is in orthorhombic phase. When, if 3 = 1, YBCO are in the tetragonal

phase. Only orthorhombic configurations are superconductors.
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Figure 2.6 Schematic Yba,Cu3O7. with CuO and CuO, layer

(chemwiki,2016)
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2.5 Orthorhombic System

The crystal structure has the systems that it can be categorized. In crystal
structure, the system determine by the length of lattice parameters. The orthorhombic
structure has different a, b and ¢ number. The orthorhombic has three same
perpendicular axis with all of them are different length. If the cell are rotated, it will

not changing the appearance of the unit cell. The orthorhombic are usually found in

superconductor compound (lvan, 2016).

azb#c

Orthorhombic Crystal

Figure 2.7 Orthorhombic structure

(ledajewelco, 2014)
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2.6 Ohm’s Law

The Ohm’s Law are the basic principle of electricity and current flow. It is
important to acknowledge the basic principle of electricity. The ohm’s law related the
three unit that is current, voltage and the resistance. Three basic units are using the
same source of movement that is electron. Voltage is a potential difference between
two points that required energy two move the electron. One point is higher than the
other point and that provide charge to other point. The voltage is used as a pressure
for the current to flow. The voltage are usually sourced from the battery. The higher
the voltage, the amount of current can flow. Resistance is the barriers that have to be
passed through by the current. The higher the resistance, the lower the current can
flow. By using a good conductor, the resistance can be decreased to allow large
amount of current. Large amount of current are also provided by high voltage.
Current is the electron carrier that ensured the electricity is there. The electron carried
by the current are flow through by the pressure from the voltage and electron flow are
lower in high resistance material. These three unit that is voltage, current and

resistance can be related by using the equation below.

Figure 2.8 Ohm’s Law

(R.Nave, 2016)
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CHAPTER 3

MATERIALS AND METHOD

3.1 Materials

The materials that have been used are Yttrium oxide, copper oxide, barium
carbonate and nickel oxide. There are samples characterization using X-Ray
Diffraction (XRD), multi-meter and X-Ray fluorescence. The added element that was
nickel oxide are added at different composition with percentage of 0.08%, 0.10% and

0.12 % weightages.

The sample YBa,Cu3O02(NiO;)x with addition of nickel are prepared by solid
state reaction. The yttrium oxide powder has purity until 99%, copper oxide also with
purity of 99%, and barium carbonate with purity of 99%. All the powder mixed
according to different composition of nickel oxide. The powder weighed to the

desired composition and grind in the mortar.
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3.2 Sample preparation method

Sample preparation of high temperature superconductor YBa,Cu3O,(NiO)x with
the addition of nickel oxide (NiO,) with composition x = 0.08, 0.10 and 0.12 wt %
prepared by the solid state reaction. All three mix of this powder in accordance with
the desired composition. Stoichiometric Equation 3.1 below is a guide to calculate the

required composition.

~(Y203) + 2(BaCOs) + 3(Cu0) — YBa;Cu;O7.5 Equation 3.1

The solid powder materials are mixed into mortar and grounded homogenously for
two hours. The grounded materials are then undergoes calcination at 900°C for 12
hours (Bu et al, 2014). After calcination, NiO, added to the mixture with different
composition that is 0.08, 0.10, 0.12 wt %. The mixture grounded for one to two hours
before pellet preparation. 1 tonne of hydraulic pressure in about 10 minutes is used to
press the powder mixture into pellet. It was important that the pellet must show no
cracks on the surface. Then, the pellet were sintered and annealed at 950°C for the
particles of the powder weld together. Lastly, the sample are ready for

characterization.

15
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Figure 3.1 Process flow of YBCO synthesize
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3.3 Sample characterization

The sample was characterized by using three techniques such that XRD,
multimeter and XRF. The XRD characterization was to analyzed the crystal structure
and the phase formation of the sample. Multimeter was used to measure the resistance

on surface at room temperature. XRF was used for elemental analysis of the sample.

3.4 X-Ray Diffraction

X-Ray Diffraction was used to determine the structure and phase formation of
the sample. The sample will be crushed until become powder form for a better results.
The XRD shows the diffraction pattern when x-ray source hit the sample and
reflected to the x-ray detector. The diffraction pattern can be considered as the
fingerprint of the sample.. It was stated in the previous researches that by adding
impurities to the YBCO sample, there will be slightly changes in microstructure of
the YBCO (Volochova et al., 2014). The a, b and ¢c number of the YBCO samples are
should be different and shows the orthorhombic structure. The addition of NiO might

be slightly changes the phase formation of the YBCO samples.

For this characterization, the XRD machine was handled by the laboratory
assistant who was provided with radiation safety training. The XRD machine used x-
ray radiation so only authorized person can operate the machine. The laboratory
assistant extracted the data by using D2 Phase XRD machine. The sample was scan at
260 from 5° to 80°. Then, the raw data analyzed by using EVA software. To analyze
the data, the pattern from the graph was compared to the ICDD data.

17



Figure 3.2 D2 Phaser XRD machine

Figure 3.3 The sample was placed in the machine
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Figure 3.4 The sample ready to be scanned
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3.5 Multimeter

Multimeter was used to measure the resistance and the current of the YBCO
sample. Although the YBCO are believed to have zero resistance, there will be small
amount of resistance in the sample because of the imperfection such as impurities in
the sample. The method is used to measure the resistivity at room temperature. A
circuit is made and connected to the sample. A dry cell was used as the fixed voltage
that is AA battery with 1.3 volt. A circuit was built to run this test. The wire was
attached to the sample and the multimeter was attached to the sample to take it

resistance reading.

Figure 3.5 Circuit used for resistance at room temperature test

20



3.6 X-Ray Fluorescence

The XRF characterization was to analyze the element of the sample. Although
calculation have been made before synthesize the sample, there might be existence of
impurities. It is important to ensure the purity of the sample so that it was not affected
the performance of the sample. The sample was characterized in form of powder. The
machine used for this characterization was Bruker S2 Phaser. This machine was using x-
ray radiation so only authorized person could operate the machine. There are no specific
parameters should be considered to run the test. The machine could identified and

measure the composition of all the elements in the sample.

Figure 3.6 S2 Phaser XRF machine
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Figure 3.7 Computerized setting analysis

Figure 3.8 The sample placed in the chamber
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CHAPTER 4

RESULTS AND DISCUSSION

4.1 Introduction

In this study, the sample prepared was YBCO superconductor ceramic and
addition material used is nickel oxide, (NiO). Different composition of NiO x=0.08,
0.10, 0.12 wt%. are used so we can see the different changes of superconducting
materials for samples YBCO(NiO)x. The characterization on the sample that is the X-
ray diffraction (XRD) to determine the structure and phase samples, X-Ray fluorescence
(XRF) to determine the element composition, and the multi-meter to determine the
resistance at room temperature. The sample was prepared by solid state reaction method.
All of these characterization results are displayed in the form of graphs, tables, and
calculations. In addition, the comparison of the data in the same experimental methods
made and changes to the sample was recorded. Problems encountered and the factors

that affect the accuracy of the data also discussed.

23



4.2 XRD Analysis

The XRD analyze the YBCO powder for pure and the addition materials NiO.
The graph patterns are constructed by using Origin software. Based on graph plotted in
Figure 4.1, the graph shows the phase and the structure of the pure YBCO sample and
the YBCO with different ‘x” composition that is 0.08, 0.10, and 0.12. The highest peak
of the pure YBCO sample graph at 20 is at 24.811. The interplanar spacing (d) at the
highest peak is 3.49932. The h, k, | values of the highest peak are (-2 -1 -1). The
structure of the sample are orthorhombic as they have different a, b, and ¢ value. The

lattice parameter of pure YBCO sample was a=12.1792, b=5.6590 and ¢=7.132.

For the YBCO with 0.08 wt% of NiO, there is almost no change in crystal
structure and the phase formation of the sample. But there are small changes in the
lattice parameter sizes of the sample. The lattice parameter is a = 12.188, b = 5.662, and
¢ = 7.132. The addition of the nickel oxide does not change the structure and the system
of the superconductor that is orthaorhombic. There are peaks altered that showed the

interference of NiO in the YBCO sample.

The third sample was the YBCO with composition 0.10 wt%. The lattice
parameter for this sample was a =12.1792, b = 5.659, ¢ = 7.1325. Just a small changes
from the 0.08 wt% sample, and the peak are almost the same. The structure and the
system of the sample are still orthorhombic. Thus, the sample YBCO with addition 0.10

wt% are still have superconducting properties.

24



Table 4.1 Lattice parameter of YBCO added with NiO at different composition

Sample Lattice Parameter Lattice parameter Lattice parameter
(Wt %) A b C
Pure YBCO 12.17920 5.65900 7.1325
YBCO with 0.08 wt% 12.18800 5.66200 7.13200
NiO
YBCO with 0.10 wt% 12.17920 5.65900 7.13250
NiO
YBCO with 0.12 wt% 14.66730 5.59250 5.18880

NiO

The last sample was YBCO with 0.12 wt% addition. The lattice parameter of the sample
are a = 14.6673, b= 5.59250, and c= 5.18880. . The table 4.1 above shows the lattice
parameter of the sample. The differences are bigger in this sample but the system are
still orthorhombic. With 0.12% addition, the YBCO sample still have superconducting

properties but starting to change to tetragonal system structure. Tetragonal system

structure are not superconducting.
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Figure 4.1 XRD pattern of YBCO added with NiO at 0.08, 0.10 and 0.12 wt%
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4.3 Electrical resistance measurement at room temperature

Electrical resistivity test performed on four samples of superconducting YBCO
to get the electrical resistivity at room temperature, with the different composition
categories, namely x = 0.08, 0.10 and 0.12% wt and pure YBCO. Through this test by
using multi-meter, the voltage values were fixed by using dry cell. The electrical
resistivity at room temperature for three samples of different composition can be
calculated based on the calculation shown in appendix. The value of electrical
resistance at room temperature obtained during the experiments shown in Table 4.2.
Meanwhile, the graph in Figure 4.2 shows the electrical resistivity at room
temperature, p against the composition x = 0.08, 0.10 and 0.12% wt. The highest

resistivity was at composition 0.12 wt%.

Table 4.2 The resistivity p for YBCO with NiO composition 0.08%, 0.10%, 0.12% weightage

Composition of NiO, Resistivity at room temperature (p)
% Wi. (x10°Qm)
Pure YBCO 1.9103
0.08 5.7307
0.10 9.5513
0.12 17.1924
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Figure 4.2 Graph of resistivity at room temperature against the NiO addition

composition
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Based on the calculation of the resistivity at room temperature, it was obvious that the
resistance of the sample increase when the composition of the NiO increase. The
presence of the NiO may increase the barriers of the atom and increase the band gap.
The composition of addition NiO was too high and affected the conductivity of the
samples. The barriers for the electron to travel increase the resistance of the sample
(Volochova et al, 2014). The resistance of the sample depends on the microstructure and

the flux pinning of the sample(Lee et al, 2011).

4.4 XRF analysis

From the XRF result shown, the compositions of the oxide element are not
consistent. The composition of Y03, BaO and CuO are having a little bit differences at
each composition. But the percentage of the addition element NiO was increasing as the
composition increased. It shows the consistent trend of the NiO addition. There was also
other elements was detected in the samples such as ZnO, TiO, and CaO but in very small
percentage. The other elements might come from surroundings and the mortar used for
grinding.  These impurities might affected the performance of the YBCO

superconductor.
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Table 4.3 Composition of Pure YBCO

Elements Percentage(%o)
Y,03 17.2
BaO 40.6
CuO 335
NiO 0.0
Other impurities 8.7

Table 4.4 Composition of YBCO with 0.08 wt %

Elements Percentage(%b)
Y20; 24.70
BaO 37.50
CuO 22.70
NiO 8.12
Other impurities 6.98
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Table 4.5 Composition of YBCO with 0.10 wt %

Elements Percentage(%o)
Y,03 23.50
BaO 33.12
CuO 23.10
NiO 11.05
Other impurities 9.01

Table 4.6 Composition of YBCO with 0.12 wt %

Elements Percentage (%)
Y,03 19.30
BaO 40.13
CuO 20.60
NiO 13.13
Other impurities 6.83
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CHAPTER 5

CONCLUSION AND RECOMMENDATION

5.1 Conclusion

This researched was to identified the performance of the YBCO superconductor
with NiO addition. The phase formation of the sample shows small changes of lattice
parameter in different composition NiO addition but still showed a#b#c that was
orthorhombic. All the samples were having superconducting properties. The resistance
of the sample increased when the composition of the NiO increasing. Based on the
graph, it can be seen that the electrical resistivity at room temperature increased with the
increasing of NiO composition. There are might be defects in the sample or the
synthesizing process that affected the performance of the sample. It was stated earlier

that the composition might give effect to the conductivity of sample.
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There are not many changes in the phase formation structure of the sample. The
sample still maintained its orthorhombic structure which is very important in
superconductor. The NiO altered the peak but most of the peak share the same h, k, |
number. Small changes in lattice parameter of all the sample but it still shows that a # b
#c. Thus, the crystal structure of all the samples are orthorhombic. The samples are
having a very small impurities other than wanted addition element. The impurities might
came from surrounding during sintering, grinding and pelleting. A very tight precaution

has to be made to avoid this in next project.

5.2 Recommendation

For further research, start with small amount of addition element. Also, there
should be various type of element to be used as addition element such as gold or
scandium. The outcome of this research might be different by changing the method. For
example, the sol-gel method could be used to synthesize the YBCO sample. The time of
calcination for this research was 12 hours. There might be differences if the time of
calcination were longer. Besides, the right equipment to characterized the YBCO that
was four probe are not used. Furthermore, the defects or impurities might affect the

sample in crystal structure.
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Appendices A

Sample preparation calculation YBa,Cuz0;

Stoichiometry involved :

% Y,0; + 2Ba,CO; + 3Cu0 —» YBa,Cu;0;

Relative atomic masses (RAM) :

Y = 88.906

Ba = 137.327

C =12.011

@) =15.999

Cu =63.546

Sample RAM :

Y,0; = 2(88.906) + 3(15.999) =225.809

BaCO; =(137.327) + (12.011) + 3(15.999)  =197.335

CuO = (63.546) + (15.999) = 79.545

Sample total Relative molecular masses (Rmm) :

= Y205 + 2Ba,CO5 + 3CUO = 7 (225.809) +2(197.335) + 3(79.545) = 746.210
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Rmm needed for 3 g sample :

> (225.809)

Y203 il =0.4539 g
BaCO; : 20722 x 3¢ = 15867 g
Cuo S =0.9594 g

total = 3.0000 g

Mass of Nickel Oxide needed to add to the sample

X =0.80,0.10 and 0.12 % wt :

X =0.80 % wt

0.08 _
Too X 1.59=0.0012g

0.0012 x 3 =0.0036 g

X =0.10 % wt

0.10 _
To0 % 1.59g=0.0015¢g

0.0015 x 3 = 0.0045 g

X =0.12 % wt

0.12

To0 < 1.59=0.0018¢

0.0018 x 3 = 0.0054 g
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Appendices B

Calculation of resistivity at room temperature for YBCO Sample with NiO composition =0
0.08, 0.10 and 0.12 % wt

The resistivity can be calculated by using equation below

RA
p = N
Equation b.1
A = area of sample A = nr?
R = resistance
L = Length or thickness of sample
By using Ohm’s Law, [ = %, the current are calculated. (thickness= 1.028 mm)
Table B.1 Current, resistance,voltage and resistivity of the sample
Sample Voltage, V Resistance, R Current, | Resistivity, p
(v) Q) (A) (x10° Qm)
Pure YBCO 1.3 0.1 13 1.9103
0.08 % wt NiO 183 0.3 4.3 5.7307
0.10 % wt NiO 1.3 0.5 2.6 9.5513
0.12% wt NiO 1.3 0.9 1.44 17.1924
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The resistivity, p at room temperature can be calculated by using formula :

For sample x=0.08 % wt

_ (0.3(19.6375)
~ \ 1.028mm

=5.7307 x 10° Qm

For sample x = 0.10 % wt

_ (0.5(19.6375)
1.028mm

=9.5513x10° Om

For sample x=0.12 % bt

~( 0.9(19.6375))
“\ 1.028mm

=17.1924x10° Om
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APPENDICES C

Figure C.1 Samples in pellet form for resistivity test
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Figure C.2 XRD Data of YBCO with 0.08 wt % NiO
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Figure C.3 XRD data of YBCO with 0.10 wt % NiO
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Figure C.4 XRD data of YBCO with 0.12 wt %
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