Flux pinning properties of (Nd, Eu, Gd)Ba,CuzO, (NEG-123)

superconductors with 211 phase particles.

Submitted by

MOHAMMED NASIM HASAN

Student Number: 04792004-1

Department of Computer Science and Electronics
Faculty of Computer Science and System Engineering

Kyushu Institute of Technology, Japan

December, 2006



Flux pinning properties of (Nd, Eu, Gd)Ba,CuzO, (NEG-123)

superconductors with 211 phase particles.

by
MOHAMMED NASIM HASAN

Department of Computer Science and Electronics
Faculty of Computer Science and System Engineering

Kyushu Institute of Technology, Japan

December, 2006

1



Contents

List of Figures

List of Tables
Acknowledgements
Dedication

Chapter 1
General Introduction
1.1 Superconductivity — The basic phenomena
1.2 Type-1 and Type-2 superconductors
1.3 Superconducting materials
1.4 Applications of superconductivity
1.5 Flux pinning
1.5.1 G-L theory and free energy of a superconductor
1.5.2 The general features of elementary flux pinning
1.6  The features of RE-123 superconductors
1.6.1 Impact of melt processing in RE-123 superconductors
1.6.2 Flux pinning in RE-123 superconductors
1.6.2.1 Pinning by non-superconducting particles
1.6.2.2 Pinning by a lower 7 regions
1.6.3  The flux pinning characteristics of the peak
effect and irreversibility field in RE-123 superconductors
1.7 The transverse flux bundle size
1.8  Scope of this thesis
References

Chapter 2

Experimental Method

2.1 Introduction

2.2 Crystal structure of NdBa,Cu3Oy single crystal superconductor.
2.3 Sample preparations

2.3.1 Flux grown NdBa,Cu3Oy single crystal superconductor

26
28
30

34
34
34
36
36

2.3.2 OCMG processed-(Nd, Eu, Gd)Ba,Cu30O, bulk superconductors 37

with addition of 211 phase particles
2.4  DC magnetization measurements

2.4.1 General description of SQUID magnetometer

1ii

38
38



2.4.2 T, measurements 39

2.4.3 Hysteresis measurements 39
2.4.4 Magnetic relaxation measurements 41
References 43
Chapter 3 44
Flux pinning property in a single crystal NdBa,CuzOy superconductor

3.1 Introduction 44
3.3 Experimental 45
3.5 Results and discussion 45
3.6 Summary 51
References 52
Chapter 4 53

Flux pinning properties of (Nd, Eu, Gd)Ba,CuzOy (NEG-123) superconductor with
211 phase particles

4.1 Introduction 53
4.2 Experimental 54
4.3 Results and discussion 54
4.4 Summary 65
References 66
Chapter 5
Concluding remarks 67
Appendices-1 69
The flux creep-flow model
1.1 Flux creep phenomena 69
1.2 Flux creep in sinusoidal washboard potential 72
1.3 TAFF(Thermally Activated Flux Creep) 73
1.4 Pinning potential 73
1.5 Number of flux lines in the flux bundle 76
1.6 Irreversibility field 78
1.7 Flux creep-flow model 79

References 81

v



List of Figures

1.1 Variation in electrical resistance versus temperature 1
1.2 Meissner effect 2
1.3 Josephson effect 2

1.4 Magnetic field dependence of magnetization for (a) type-1 superconductor and (b)
type-2 superconductor. 3

1.5 Phase diagram on the magnetic field vs temperature plane for (a) type-1
superconductor and (b) type-2 superconductor. 3

1.6 Spatial variations of the order parameter and the magnetic flux density in an
isolated flux lines. 8

1.7 (a) Variation of energy when flux line passes through a pinning center and (b) the

variation of the pinning force. 9

1.8 Subsolidus phase diagram of the Nd-Ba-Cu-O system at 890°C

in air. 11
1.9 The range of RE-Ba substitution for the RE-123 system in air. 12
1.10 T as a function of x for Nd;+,Ba,_.Cu30.; samples. 12
1.11  Susceptibility ¥(T) of Nd-Ba-Cu-O samples melt processed. 13
1.12  Arrangement of normal core of flux line and normal precipitate. 15
1.13  Schematic illustration of field-induced flux pinning 17

by finely distributed Nd-rich Nd123ss regions.
1.14 Spatial variation in the order parameter around the lower-7¢ region. 18

1.15 (a)Uniaxial compression, (b) bending deformation and

(c) shearing deformation 19
1.16 A double potential well 20
1.17 Arrangements of flux lines in the order and disorder state. 20
1.18 J.-B properties (77 K, B // c-axis) of (R1, R2, R3)-123 22
composites OCMG processed in 0.1% O2-Ar.
1.19 Comparison of the field dependence of the critical 22

current densities at 77 K.
1.20 Field dependence of J, obtained from magnetization 24
measurements at 7=77 K for NEG superconductors with

different volume fractions.



1.21 Field dependence of the critical current density 25
for NEG-123 samples with varying Eu/Gd contents.
1.22 Comparison of the field dependence of the critical current 26
density for melt-processed YBCO, OCMG (Ndy33Eu033Gdg33)Ba;CuzOy sample and
newly developed (Ndo 33Eu033Gdy 25)Ba;CuszOy sample with 5 mol% NEG-211.

2.1 Physical phase diagram of HTSC cuprates. 34

2.2 Structure of the Nd;+,Ba,.,Cu;0; solid solution with 35
various types of cation and anion ordering.

2.3:  Schematic illustration of temperature profile for 36

melt-processing.

2.4 T, measurements in Nd-123 single crystal superconductor. 40
2.5 A hysteresis measurements in Nd-123 superconductor. 41
2.6 A relaxation measurements in Nd-123 superconductor. 42
3.1 Magnetic field dependence J; at various temperatures. 45
3.2 Temperature dependence of B;, B, and Ba. 46
3.3 Peak field (B,), dip field (Bq4) and irreversibility field (B;) 47
in specimen of Y-123 with addition of 211 phase particles.
3.4 Magnetic relaxation in Nd-123 superconductors. 47
3.5 (a) Magnetic field dependence of U, and.J. at 40 K; 48

(b) Magnetic field dependence of g” at 40 K.

3.6 (a) Magnetic field dependence of U, andJ. at 77.3 K; 49

(b) Magnetic Field dependence of Ay, g° and o” at 77.3 K.

4.1 Field dependence critical current density J, in NEG-123 system 55
with different volume fraction of (a) NEG211 and (b) EG211
particles at 80 K.

4.2 Variation of the peak critical current density J, and 56

irreversibility field B; with 211 particles at 80 K.
4.3 Variation of the peak critical current density J., with 56
of 211 particles at 77.3 K.
4.4 Anegative correlation between peak critical current 57

density J, and irreversibility field B; in NEG-123 system.
4.5 Plots of J, (77 K, 1 T with H // c-axis) against 58

vl



Vi/d (211) for various melt-processed Y-Ba-Cu-O samples.
4.6 High magnification STM image of the cleaved surface of
(Ndo 33Eu035Gdo 2sBa;Cu30y) sample.
4.7 TEM micrograph of a (Ndy 33Eu 33Gdg 2sBa>;Cu3Oy) sample.
4.8 Temperature dependence of upper critical field
4.9  Variation of critical temperature and upper critical field at 80 K
4.10 Relationship between upper critical field and irreversibility field
4.11 Theoretical fitting of J.-B curve at 80 K
4.12 Comparison of the irreversibility field between experimental
and theoretical field
Al Washboard pinning potential.
A2 Relation between activation energy, U, and normalized
current density, j = J / Je.
A3 (a) average pinning force density vs. displacement
of flux lines. (b) pinning potential for unit volume of flux line.
A4 Volume of flux bundle, V.

A5 g’ is obtained from experimental result and

g} predicted by elastic theory.

vil

59
59
61
62
63
63

64

70

71

74

75
77



List of Tables

1.1
1.2
2.1
2.2
23
4.1

The applications of superconductors.

RE-123 superconductors and their transition temperature
The preparation conditions of flux-grown Nd-Ba-Cu-O
Specification of SQUID magnetometer MPMS-7
Measurement condition for DC magnetization

Pinning parameters

viii

37
38
39
64



Acknowledgements

This dissertation has been carried out under the able supervision of Dr. Teruo
Matsushita, Professor, Department of Computer Science and Electronics, Faculty of
Computer Science and System Engineering, Kyushu Institute of Technology, Japan. I
express my deepest sense of gratitude and sincere appreciation to Prof. Teruo
Matsushita for his constant vigilance, invaluable suggestions and constructive guidance
to the completion of this dissertation work. I also express my deepest sense of gratitude
to Prof. E. S. Otabe of this Department whom I found as an eager teacher and friend to
help all the time. I am also grateful to Dr. M. Kiuchi, Research associate of this
Department for giving all kind of facilities to continue my dissertation work. I would
like to thanks Ms. Beppu to provide a lot of help for my dissertation. I owe a great debt
to my wife Jarin Akhter for supporting me with constant inspiration and motivation for

research work. I also accord warm appreciation to all of my friends and well wisher.

1X



Dedicated to

My Parents

and

My grandfather, Dr. M. M. Mahmud



