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IMPROVEMENT OF CRITICAL CURRENT DENSITY IN YBa:CusOr-s
SUPERCONDUCTOR ADDED WITH Pr.0; AND GRAPHENE OXIDE

By

NUR ATIKAH BINTI BAHARUDDIN

January 2017

Chairman : Associate Professor Mohd Mustafa Awang Kechik, PhD
Faculty : Science

The effect of nanoparticle praseodymium oxides (Pr.Os) and graphene oxides (GO)
addition on the critical current density, J. of YBa,CuzO-.; was studied. Both
nanoparticles added acted as pinning center to enhance the transport critical current
density (Jc). YBaxCusO7.5 superconductor was prepared by co-precipitation method
with addition of Pr,Oz are 0.00, 0.02, 0.03, 0.04 and 0.05, while addition of GO are 0.0,
0.1, 0.2, 0.3, 0.4 and 0.5 weight percentage (wt.%). Co-precipitation process is based
upon a simple control of the chemistry of the cation solution and precipitation with
oxalic acid. The effect of nanoparticles addition on electrical superconducting
properties (T and Jc), phase formation and structural properties, microstructure and
surface morphology including the elemental distribution analysis were studied.
YBa,Cus07- with Pr,0O3; nanoparticle addition showed a maximal value of T at 82 K
for 0.01 wt % addition and give smallest grain sizes 0.38 um. However, J. shows
improvements in Pr,Os addition of 0.03 wt.% with the highest J. 9678 A/cm?.
YBazCus07-5 with GO nanoparticle showed an improvement value of T, when GO
added wt.% increase to 0.5 wt.%, 88 K. However, YBa,Cu3O7.s added with GO give a
vice versa results in J¢, which has a lower J. than YBa,CusO+.s with Pr,Os nanoparticles
addition. X-ray Diffraction (XRD), showed Y-123 phase exist in all samples which
proves by the XRD and Energy Dispersive X-rays (EDX) profiling. Both nanoparticles
added in YBa2CuzOyr.5 show increased values of T and J. towards the optimum wt. %
of addition and decreased after further addition of nanoparticles.
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Kajian ke atas kesan nanopartikel praseodymium oksida (Pr.0s) dan graphene oksida
(GO) dalam YBa>CusO7-; superkonduktor ke atas arus ketumpatan genting J. telah
dijalankan. Kedua-dua nanopartikel bertindak sebagai pengepin fluks untuk
meningkatkan pengangkutan ketumpatan arus genting (Jc). Serbuk YBa,CuzOr.s di
sediakan menggunakan kaedah se-pemendakan dengan menambah nanopartikel Pr,O;
ke dalam YBa,CusOr.s dari peratusan berat (wt.%) 0.00, 0.01, 0.02, 0.03, 0.04, dan
0.05, manakala bagi penambahan nanopartikel GO dari 0.0, 0.1, 0.2, 0.3, 0.4 dan 0.5
peratusan berat. Proses se-pemendakan berlaku disebabkan oleh kawalan mudah kimia
dalam larutan kation dan mendakan oksalid asid. Kesan nanopartikel dalam
YBa;Cusz07 terhadap sifat-sifat superkonduktor (T. and J¢), fasa dan struktur,
mikrostruktur dan morfologi termasuk analisis taburan unsur telah dikaji. YBa,Cu3Ors
dengan nanopartikel Pr,O; menunjukkan suhu genting, T, pada 82 K bagi sampel
0.01%. Manakala, J. menunjukkan perubahan yang baik dalam sampel 0.03% dengan
ketumpatan arus genting yang tertinggi 9678 AJ/cm?2 Ini disebabkan aliran
pengangkutan arus yang baik. YBa,Cu3O7.s dengan nanopartikel graphene oksida (GO)
memberi data Jc yang berlainan yang mana ketumpatan arus gentingnya lebih rendah
berbanding sampel YBa,CuszO7s + Pr,Os. Analisis menunjukkan fasa Y-123 hadir
dalam semua sampel yang mana dibuktikan dengan keputusan analisis pembelauan
sinar-x , dan analisa profil tenaga penyerakan sinar-x (EDX). Kedua-dua nanopartikel
yang ditambah ke dalam YBa,CusO7.; menunjukkan nilai T, dan J. menurun apabila
peratusan nanopartikel mencapai tahap optimum dalam YBa,Cu3Ov.s,
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CHAPTER 1

INTRODUCTION

1.1 Introduction of Superconductor

The discovery of High Temperature Superconductor (HTSC) ceramic materials by
Bednorz and Muller in 1986 has brought the possibility of superconductor applications
at liquid nitrogen temperature. A great attention has been devoted to search for ways to
produce affordable flexible conducting HTSC wires with high current density, which
can be used for many applications (Zhou et al., 2008). Applications of superconductor
can be divided into two categories; large scale and small scale. Large scale application
includes high speed train, magnetic energy storage, magnetic resonance imaging (MRI)
for medical applications and high energy physics instruments. Small scale application
includes Josephon devices, Superconducting Quantum Interference Devices (SQUIDs),
microwave devices and resonators ( Abd-Shukor, 2004).

Superconductor is a material that can conduct electricity without any resistance. There
are no loses in form of energy that can be released from the material until it reached
certain temperature, or critical temperature T. which the material becomes
superconductive (Frank, 2002). This phenomenon occurred where certain materials
exhibit when it is cooled down below the T this is known as the Meissner effect.
There are two important properties of superconductors, which are zero dc resistivity
and perfect diamagnetism. Both can be used to enhance the performance of many
devices such as large scale application, MRI.

To promote industrial application, the relationship between the density of the critical
current density J. and the composition, processing and microstructural features of
polycrystalline YBa,CuszO.s (YBCO) ceramic should be understood. Many researches
have been conducted to improvise the YBCO system in order to achieve higher T, and
in higher Jc. In the preparation of YBCO superconductor, nanoparticle is added in the
YBCO powder as a pinning mechanism (Khalil, 2001; Matsumoto et al., 2004; Mizan
& Kong, 2012).

Pinning mechanism will act as flux pinning in YBCO system, to control the flux creeps
inside the grains. We believe, as we control the flux flow, the properties of
superconductor will be enhanced (Orbital, 2004; Haugan, Barnes, Wheeler, 2004).
There are many examples of pinning mechanism such as silicon, germanium,
cadmium, samarium, selenium and neodymium. However, in the midst of searching the
best nanoparticles to improve T, we found that the addition of rare earth materials
could improve the properties of superconductor. The control of both the composition
and preparation routes is known to be the key factor for the regulation of the flux
pinning in the superconducting ceramics (Raouf, 2005).



1.2 History of Superconductor

Superconductivity was discovered on 1911 by Heike Kamerlingh Onnes, who was
studying the resistance of solid mercury at cryogenic temperatures. He discovered that
the electrical resistivity of the solid mercury suddenly dropped to zero when it was
cooled down to temperature below 4.2 K, which is the boiling point of liquid helium
(Kisa, 1997). Onnes noticed that if he turned off the voltage below 4.2 K, the current
continued to flow without loss. The liquid helium was first produced by Onnes in 3
years before liquefying the helium. This event marked the beginning of discovery of
superconductor (Ireson, 2012).

Later, many metallic elements were found to exhibit superconductivity at very low
temperature. In 1930, the highest critical temperature of all pure metal is Nb, with the
T, of 9.2 K. One of the distinct properties of the superconducting state in
superconductors is perfect diamagnetism or Meissner effect, which was discovered by
Meissner and Ochsenfield in 1933. One year later, Fritz and Heinz London proposed
the London model which explained the Meissner effect and predicted the penetration
depth A. Ginzburg-Landau theory was proposed and published seventeen years later
(Ireson, 2012).

Alexei Abrikosov (1957) showed that superconductor can be classified into Type-I and
Type-11 superconductor. Then, John Bardeen, Leon Cooper and Robert Schrieffer
proposed the BCS theory of superconductor. BCS theory explained about the Cooper
pairs that usually occurred in conventional and Type-l superconductor. It was then
followed by Brian Josephon, where he postulated a quantum tunneling effect which is
known as Josephon effects (Das, 2009; Paul Leonard Bach, 2011).

The development of superconductivity came to a breakthrough in the year 1987, when
the research groups in Alabama and Houston coordinated by K. Wu and Paul Chu
discovered YBa;Cus05.5 ceramics with T, = 92 K. Later, more high-T. cuprates oxides
like Bi,Ca,Sr,CuzO10 with T = 110 K and Tl,Ca;Ba,CusO1 with T, =125 K were
discovered (Segr’, 2001).

YBa,Cu30s.5 is one of the most famous copper based superconductors because it is the
first material that achieved the critical temperature higher than previously found
superconductor as shown in Error! Reference source not found.. It also has the critical
magnetic field of 300 T. It was an important discovery because the critical temperature
of Y1Ba,Cus07.5 is above the boiling point of liquid nitrogen, 77 K, which is a cheaper
and easier to handle coolant as compared to liquid helium.

The superconducting material will be able to levitate in the air without any contact to
neither solid nor liquid medium. The most important factors concerning the high-
temperature superconductors for technical applications are their capacity in carrying



vast current densities (Grant, 2001). The value of critical current density, Jc which is
higher than 10° A/cm at liquid nitrogen temperature (77 K) has been achieved.
Moreover, there is no strong magnetic field that can destroy superconductivity (Tavana
& Akhavan, 2010).

Many research groups around the globe are doing continuous experiment in seeking for
new superconducting materials with higher transition temperatures. Scientists and
experts hope that they will discover another family of superconducting material which
will simplify the task of explaining how these materials display the properties of
superconductivity.

Mo,SbS, (2003) KOs,O, (2006)
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Figure 1.1 : The chronology of discoveries of superconductors (Cheong, 1996)

1.3 Problem statement

Previous study proved that flux pinning is very important in HTSC where supercurrent
can flow without any energy dissipative. However, since the discovery of cuprates
(copper-oxide-based-materials) superconductor in early 1980 (Kim, 2007), many
researches have been focusing on enhancing the superconductor properties by adding
nanoparticles into system. In order to produce ultrafine powder of precursor of
superconductor, co-precipitation method was chosen due to the low reaction
temperature. Other than that, nanoparticles of praseodymium oxide (Pr.Os) and
graphene oxide (GO) are added to YBa,CusO7s Nanoparticles were selected due to
their own properties which may increase critical current density, Jc.



1.4 Objectives

Hence, this study focuses on the following objectives:

1)  To synthesize a good quality of YBa»CusO7.s with ultrafine grain size by
using the co-precipitation method.

2)  To study the effect of nanoparticle addition of praseodymium oxide (Pr.Os)
and graphene oxide (GO) by adding different weight percentage on critical
temperature, T. and critical current density, J., of superconducting
Y862CU3O7.5.

3)  To investigate the effect of nanoparticle addition on physical properties
(phase, structure and morphology).

15 Outline of Thesis

The thesis is outlined as follows; Chapter 1 consists of general introduction on the
research, history of superconductivity, problem statement and the objectives of
research. Chapter 2 highlights the basic theory and literature review of basic properties
of superconductor, crystal structure and the effect of the nanoparticles addition for
various types of elements on the superconducting properties of YBCO. Details of the
sample preparation and experimental methods to perform the measurements are being
discussed in Chapter 3. While in Chapter 4 and Chapter 5, the experimental data and
results obtained for each nanoparticles added as well as discussions are presented.
Finally, the relation between phase, structure and superconducting properties is
concluded and suggestions for future works are given in Chapter 6.
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