CHARACTERISATION OF HIGH TEMPERATURE
SUPERCONDUCTING COMPOUND BY X-RAY
AND OTHER TECHNIQUES

THESIS
SUBMITTED TO
THE UNIVERSITY OF KERALA
IN PARTIAL FULFILMENT
OF THE REQUIREMENTS
FOR THE DEGREE OF

DOCTOR OF PHILOSOPHY IN PHYSICS

BY
SIMON AUGUSTINE

REGIONAL RESEARCH LABORATORY (CSIR)
THIRUV/ usmvsmromunios 85 019

0TI

NOVEMBER 1992




Dedicated to

My Parents & Uncle



DECLARATION

I, SIMON AUGUSTINE, hereby declare that this thesis entitled
"Characterisation of High Temperature Superconducting Compound by
X-ray and other Techniques®™ is a bonafide record of research work
done by me and that no part of this thesis has been presented earlier

for any degree or diploma of any other Universities.

7

SIMﬁN A:} GUSTINE



CERTIFICATE

This is to centify that the thesis entitled "Characterisation 04
High Tempenature Superconducting Compound by X-ray and othern Techniques”
8 an authentic necond on the nesearnch wonk cawnied out by Mr. Simon
Augustine, M.Sc. under my supervision in partial {ulfifment of zthe
nequinement fon the Degree of.Docton of Philosophy of the Univernsity of
Kenala and funthen that no pant of this thesis has been presented befone

forn any other degnee.

R A

Dn. P.S. Mukhenrjee

Scientist, BSMR Division

Regional Reseanch Laboratony (CSIR)
Thiruvananthapuram 695 019 (India)



CONTENTS

ACKNOWLEDGEMENTS

PREFACE

LIST OF PUBLICATIONS

LIST OF FIGURES

LIST OF TABLES

CHAPTER 1

1 GENERAL INTRODUCTION

i.1

1.2

Superconductivity, The phenomenon
High temperature superconductors

1.2.1 Superconductivity in Y-Ba-Cu-~-0 system

1.2.2 Superconducting bismuth cuprates

1.2.3 Thallium cuprate superconductors

1.2.4 Other high temperature superconducting
phases

Structure of YBa,Cu

2
Anisotropy in YBCO

377-6

Phase transformation in YBCO

Oxygen stoichiometry, oxygen ordering and
superconducting properties

Phase diagram of Y203-B30-Cu0 system
Preparative methods

1.8.1 Ceramic route
1.8.2 Chemical route

Page

iii

viii

xiii

10

13
15
17

17
17



CHAPTER

1.9 Fabrication of YBCO for practical applications
1.9.1 Powder proi:ess
1.9.2 Melt process
1.9.3 Thin films and thick films
1.10 Single crystal growth
1.11 Some basic properties of YBazC“307-¢5
1.12 Difficulties for practical applications
and solutions
1.12.1 Low critical current density
1.12.2 Reaction with water
1.12.3 Brittleness
1.12.4 Possible solutions
1.13 Structure of bismuth cuprates
1.14 Aim, scope and objective of the present work
References
2 EXPERIMENTAL METHODS AND INSTRUMENTAL
TECHNIQUES
2.1 Introduction
2.2 Transition temperature (TC) measurement
2.3 Critical current density measurements
2.4 XRD analysis
2.5 Microscopic techniques
2.6 Thermal methods of anallysis
2.7 Determination of oxygen stoichiometry

by iodometric titration

References

Page
18

18
19
19

20

20

21

21
23
24
24

25
27

31

42
42
42
44
44
48

49

51

53



PART A

CHAPTER Page
3 STUDIES ON TEXTURED GRAIN GROWTH IN YBCO
UNDER DIFFERENT OXYGEN PARTIAL PRESSURES
AND TEMPERATURES 54
3.1 Introduction 54
3.2 Experimental 54
3.2.1 Measurement of textured grain growth 58
3.3 Results and discussion 64
3.3.1 Effect of oxygen partial pressure 64
3.3.2 Effect of temperature 71
3.3.3 Effect of oxygen partial pressure and
i temperature 78
3.3.4 Effect of soaking period 80
3.4 Conclusion 80
References . 84
4 STUDIES ON TEXTURED GRAIN GROWTH IN
YBaZCu307_‘ BY ALKALI METALS SUBSTITUTION 87
4.1 Introduction 87
4.2 Experimental 89
4.3 Result and discussion 89
4.4 Conclusion 97
References 98
5 MECHANISM FOR ENHANCED TEXTURED GRAIN GROWTH
UNDER DIFFERENT OXYGEN PARTIAL PRESSURES,
TEMPERATURES AND SUBSTITUTIONS 99
5.1 Introduction . 99
5.2. Description of the model 102
5.2.1 Effect of Po2 on textured grain growth 102

5.2.2 Effect of alkali metals substitutions
on textured grain growth 102



CHAPTER Page

_PART B
7 SYNTHESIS OF PHASE PURE Y1m20u307-6 BY
DYNAMIC VACUUM CALCINATION AND ITS
CHARACTERISATION 136
7.1 Introduction 136
7.2 Experimental 138
7.2.1 Experimental set up 138
7.2.2 Processing of YBCO by dynamic
vacuum calcination 138
7.3 Results and discussion 140
7.4 Conclusion 147
References ‘ 149
PART C

8 VARIATION OF STRUCTURAL AND SUPERCONDUCTING
PROPERTIES WITH INITIAL STOICHIOMETRY
VARIATION IN (Bi,Pb)-Sr-Ca-Cu-O BULK

SUPERCONDUCTOR 150
8.1 Introduction 150
8.2 Experimental 151
8.3 Results and discusgion 153
8.3.1 Effect of Pb-doping 153
8.3.2 Effect of Sr, Ca and Cu variations 155
8.3.3 Effect of impurity phases on Jc 159
8.3.4 Best initial stoichiometry 163
8.3.5 Effect of soaking period HTf{ 163
8.3.6 Effect of soaking period on T001 165
8.4 Conclusion . 167

References 168



CHAPTER

10

STUDIES ON TEXTURED GRAIN GROWTH IN BPSCCO
AND PREPARATION AND CHARACTERISATION

OF TEXTURED SINTERED BULK BPSCCO BY
SUSPENSION METHOD

9.

9.2

9.3

Studies on textured grain growth in BPSCCO

9.1.1 Introduction

9.1.2 Experimental

9.1.3 Results and discussions
Preparation and characterisation of

textured sintered BPSCCO bulk by
suspension method

9.2.1 Introduction
9.2.2 Experimental

9.2.3 Results and discussion
Conclusions

References

SUPERCONDUCTING AND MECHANICAL PROPERTIES
OF (Bi,Pb)-Sr-Ca-Cu-0/Ag COMPOSITE

10.1
10.2

10.3

10.4

Introduction
Experimental
Results and discussion

10.3.1 Superconaucting properties of
BPSCCO/Ag composite

10.3.2 Mechanical properties of BPSCCO/Ag
composite

Canclusion

References

SUMMARY

Page

169
169

169
169
170

172

172
177

179

181

182

183

183

184

184

184

192

194

197

198



ACKNOWLEDGEMENTS

I wish to express my deep sense of gratitude and indebtedness
to Dr. P.S. Mukherjee, Scientist, Regional Research Laboratory, Thiru-
vananthapuram (RRL-T) for his constant encouragement, valuable guidance

and continual support given to me throughout the course. of this work.

I am extremely grateful to Dr. A.D. Damodaran, Director, RRL-T,
for his keen interest, suggestions and encouragement during the period
of this research. I am also thankful to him for extending all the facili-

ties to carry out the work.

1 am indebted to Mr. M. Sankara Sarma, RRL-T for his timely
help and friendship and my sincere thanks are due to Mr. P. Guruswamy,

RRL-T for his help throughout the work.

I take this opportunity to thank Dr. C. Pavithran, Prof. J.
Koshy and Dr. K. Ravindran Nair of RRL-T, Dr. U. Balachandran,
Argonne National Laboratory, USA, Dr. T.R.N. Kutty, I1ISc, Bangalore,
Dr. B.V. Mohan, BHEL, Bangalore, and Dr. P. Murugaraj, CEMET,

Trichur, for their useful discussions andsuggestions during this work.

1 thask Dr. K.G. Satyanarayana and Dr. (Mrs.) M. Lalithambika
of RRL-T for all the help rendered to me when 1 was in their

respective Divisions.

My sincere thanks are due to Mr. Peter Koshy, Dr. K.G.K.
Warrier, Mr. K. Sukumaran, Mr. V.S. Prasad, Mrs. Prasanna Kumari,

Mr. S.G.K. Pillai, Mr. K.K. Ravikumar, Mr. Krishna Pillai,



Mrs. Rugmini Sukumar of RRL-T and Prof. K.C. Patil of IISc, Bangalore,
and Dr. A. Sequeira of BARC, Bombay, for their help in different instru-

mental methods used in this study.

1 acknowledge with thanks Dr. C.S. Narayanan and Mr. K.P.
Sadasivan of RRL-T and Prof. V.K. Vaidyan, Dept. of Physics, Univer-

sity of Kerala, Thiruvananthapuram, for their heilp during this work.

I have great pleasure to acknowledge the friendship and support

of Mr. George John during the entire research period.

1 acknowledge the affectionate friendship of Mr. K.P. Kumar,
Mr. H.K. Varma, Mrs. P. Umadevi, Mr. K.V. Paulose. Mr. Anil Kumar,

Mr. C. Mohan Kumar and Dr. George Thomas in the courzz of this work.

I make use of this opportuﬁity to express my heartful thanks
to Mr. M. Brahmakumar for making my stay at Thiruvananthapuram a

pleasant one.

Help rendered by Messers P. Vijayakumar, R. Babu and N.

Gopinathan in the preparation of this thesis is duly acknowledged.

/
1 acknowledge with thanks staff of RRL-T for their kind coope-

ration and support at various stages of my dissertation work.

I acknowledge the Council of Scientific and Industrial Research

(CSIR), New Delhi, for the f{inancial support during the course of this

work.

There still remains many other names to be remembered. I

SIMO% AUGUSTINE

extend my heartful thanks to one and all of them.



-1ii-

PREFACE

The discovery of high temperature superconductors has
generated great interest all over the world because of its immense
practical importance. From the initial stages of development itself,
it has become clear that these new brand of ceramic materials exhibit
a number of difficulties for practical applications. The main hurdles

were the low transport critical current density (JC) in bulk and

brittleness. Efforts to overcome these hurdles have been initiated
based on the observation of high ‘]c of the order of 106 - 107 A/cm2
in single crystals and epitaxially grown thin films. Also, from the

single crystal studies it was found that JC along ab-planes is at least
one order of magnitude higher than that along c-axis. This anisotropy
of Jc and the weak nature of grain connectivity have been identified
as the major reasons for the large difference between the inter-grain
and intra-grain 'Jc . The weak nature of grain connectivity arises
mainly because of the impurity layers .at the grain boundary. Thus
it is clear that the application of high temperature superconductors

in their bulk form requires:

i. alignment or texture of grains so that their ab-planes lie in

the direction of current,
ii. absence of impurities at the grain boundary, and

iii. better mechanical properties, perhaps by the incorporation

of ductile metals in the superconductor matrix.
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It is also known that J. is enhanced if fine particles of "flux
pinning materials”, can be distributed uniformly throughout the bulk

of the superconductors.

There are several different ways of introducing texture in the
bulk polycrystalline ceramics. One of the important techniques is
aligning grains by mechanically or magnetically and sintering it without
disturbing the alignment achieved. The key to this technique is the
grains with anisotropic morphology. Thus it is imperative to study

textured grain growth in high temperature superconductors.

In the present work, the textured grain growth in YlBazCu3 07-6
(YBCO) wunder different oxygen partial pressures, temperatures and
substitution during the calcination stage has been investigated for the
first time. Also a mechanism has been suggested for explaining the
enhanced textured grain growth arising under the experimental condi-
tions mentioned above. Moreover, the effect of cold pressing and
heat treatment on the alignment of platy YBCO grains and the alignment
of platy grains of BPSCCO [(Bi.Pb]28r2 Ca2 Cu3 O10 ] by suspension

through a dense liquid have been studied. The correlation between

the JC and the texture has been investigated.

Conventional method of preparation of YBCO induces formation
of nonsuperconducting phases due to the higher processing temperature

and the presence of CO in the processing environment. During the

2
present . study an experimental set up has been fabricated and the

processing parameters have been standardized to yield phage pure

YBCO.
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Synthesis of the pure 2223 phase (with TC = 110 X) in the
(Bi,Pb)-Sr-Ca-Cu-0 system is .very difficult and a lot of controversy
is still there regarding the initial stoichiometry to be taken so as
to result in a sintered bulk material with higher JC. Thus work has
been carried out to study the effect of initial stoichiometry variation
and processing conditions on the structural and superconducting proper-

ties of this system.

In the case of YBCO it is well established that ductility can
be imparted by fabricating YBCO/Ag composites. Also its processing
can be done in air without affecting the superconducting properties.
But in the case of Bi-based superconductor, silver addition has a
poisoning effect when processed in air. In the present work

BPSCCO/Ag composite was synthesized by adding AgNO, and processing

3
in air. Studies on the various superconducting and mechanical proper-

ties of these composites have also been done.
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GENERAL INTRODUCTION
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CHAPTER 1

GENERAL INTRODUCTION

1.1 SUPERCONDUCTIVITY, THE PHENOMENON

The electrical resistance of many materials drops suddenly

to zero when it is cooled to a sufficiently low temperature. This
phenomenon is known as superconductivity. The temperature at which
this change occurs, is the transition (critical) temperature [Tc). In

1911 Dutch Physist H. Kammerlingh Onnes observed this phenomenon
for the first time ([1]. He found that the electrical resistance of Hg
below 4 K remained effectively zero. Thereafter over a thousand mate-
rials were found to exhibit superconductivity. Till 1986, the maximum

value of Tc was 23.3 K for Nb,Ge alloy [2, 3].

3

1.2 HIGH TEMPERATURE SUPERCONDUCTORS

The breakthrough in this field was made by George Bednorz
and Alex Miller in 1986 [4]. They observed superconductivity in
Baxl,as_x Cu05(3-y) (x = 1 and 0.75, y > O0) system, at an unprece-
dented high temperature of ~30 K. Later the superconducting phase
was iderntified as Laz_x BaxCuO4 {(x = 0.0 - 0.2). The breakthrough
by Bednorz and Miller was really two fold. One the demonstration
of a new previously unrecognized class of ceramic superconducting mate-

rials. The other, a big advance in the superconducting transition

temperature to a value believec-ll by many theorists to be the limiting



temperature for the operation of the electron phonom interaction which

is the basis of BCS theory [5].
1.2.1 Superconductivity in Y-Ba-Cu-0 system

The next dramatic breakthrough came with the report in
January 1987 that superconductivity had been observed in Y-Ba-Cu-O
compound at a temperature above that of liquid nitrogen (77 K). Chus'’s
group at the University of Houston had observed transition onset tempe-
rature in Y-Ba-Cu-O compound as high as 92 K [6]. Soon after it
became evident that a number of groups around the world independently
observed the same transition in similar material [7-9]. The super-
conducting phase was later identified as YBa, Cu_,O

27 °377-4
Further investigations showed that in YBCO, yttrium can be replaced

(YBCO) [10].

by rare-earths except Pr, Tb and Ce without affecting the transition
temperature. These inventions have generated great interest both
scientifically and technologically all over the world because of its
immense practical importance. In the past liquid helium (temp. 4 K)

was used for the Eefrigeration of superconductors, which needed bulky
cooling equipments making the process too expensive. But for the new
materials liquid nitrogen can be used as the coolant. The refrigeration
system thus required for this is much cheaper and simple compared

to liquid helium system.
1.2.2 Superconducting bismuth cuprates

In early 1988 Michel et al [11] showed that an oxide super-

conductor with Tc in the range 7-22 K is present in Bi-Sr-Cu-O system.



Later Maeda et al [12] found that the introduction of additional element

calcium in Bi-Sr-Cu-O leads to superconductivity above liquid nitrogen

temperature. Later several compositions of the Bi-Sr-Ca-Cu-O have
found to exhibit superconductivity [13-17]. Among these two important
superconducting phases are BiZSr2 CaCu2 08+b (2212) with a transition

temperature 85 K [18-20] and Bi,Sr,Ca,Cu

2573 (8,CU43040
temperature 110 K [21, 22]. The synthesis of phase pure 2223 phase

(2223) with a transition

is more difficult than the synthesis of 2212 phase. It has been esta-
blished that the partial substitution of Bi by Pb favours the formation

of 2223 phase [23].
1.2.3 Tballium cuprate superconductors

Studying the substitution of yttrium by the trivalent cation
thallium in YBCO, Sheng et al [24] at the end of 1988, found super-
conductivity at 85 K. The structure determination studies -[25, 26] lead

2Ba2 CuO6 for this compound. Shortly the same

to the composition TL
authors [27, 28] discovered TL,Ba,Ca,Cu

2 B8,Ca,Cu30,
125 K and TL2 Baz CaCu206 (2212) which has a Tc of 108 K. Later

0(2223) which has a TC of

many compositions of TL-Ba-Ca-Cu-0 system was found to be supercon-

‘ducting [29-31].

1.2.4 Other high temperature superconducting phases

YlBaZCU4OB [124] is an important compound with TC~ 80 K [32].

The importance of this compound is that its oxygen content is constant .

Bal_xKxBiO is a copper free superconductor TC ~ 30 K {33].

3

A list of major high ' temperature superconductors are given

in Table 1.1[34].



Table 1.1: List of major high temperature superconductors

Compound TC (K)
Laz_xBaxCuol;l . ' 35
YBaZCU307-6 92
NdBaZCl1307_‘s 92
SmBazCu307_6 88.3
E:uBazCu307_6 93.7
GdBaZCu307_‘s 92.2
DyBaZCu307_é 91.2
HoBaZCu307_6 92.2
I~:r'Ba|2Cu:‘3O,7_8 91.5
TmBaZCu3O7_6 91.2
YbBaZCu307_6 85.66
LuBaZCu307_6 88.2
BiZCaSr'CuO6+6 60 + 20
BierZCaCuzos}(6 84
Biz'SPZCaZCu3010 110
(Bi.Pb)ZSrZCaZCu3010 110
TLzBaZCaCuzo6 108
TLZBaZCazCUSO10 125
‘I‘LBaZCaZCuO9 120
TLBazCaCu207 65
TLzBaZCa3Cu4012 105
YBaZCu408 80
Ba xKxBio3 30

1-
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Among the various high temperature superconductors listed in
Table 1.1 the present work undertaken is on YBaZCu3 07-6 (YBCO)

and (Bi, Pb)28r2 CaZCuao10 " (BPSCCO) compounds. Hence it will be

appropriate to give more details about YBCO and BPSCCO compounds.

1.3 STRUCTURE OF YBaZCu307_ s

The structue of YBCO was first deduced from x-ray powder
diffraction experiments [35-37] and subsequent refinement was done
by neutron diffraction studies [38-45]. From the studies it was found
that YBCO has a layered oxygen deficient perovskite structure with
orthorhombic symmetry (a = 3.816 R. b = 3.8883 R , and ¢ = 11.698 R ).
Figure 1.1 shows a typical structure of YBCO. The lattice spacings

with corresponding indices of YBazCu307 are given in Table 1.2,

Later more detailed studies on structure have been reported
(46-49] using single crystals. The details of the structure are summa-

rised in Table 1.3agb [42].

Of the two sets of Cu atoms Cu(2) is surrounded by four
oxygen atoms, two at 1.929 X and two at 1.96 X giving rise to a

square pyramidal coordination for Cu forming CuO layers. In the

2
other set, the Cu(l) atoms are surrounded by four oxygen atoms two
at 1.942 R and two at 1.845 R Here the oxygen atoms form near

rectangles connected by vertices, and resulting in the Cu-0 chains along

the b-axis.

1.4 ANISOTROPY IN YBCO

YBCO superconductor has a perovskite based layered structure
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Table 1.2: X-ray powder data for YBa,Cu,O

27377
YBa,_Cu_O
273
a = 3.816 & b - 8.883 c = 11.698 R
Pmmm
20 1/1
Obs calc d obs o calc hkl
calc

7.56 11.70 2 001
15.15 5.849 3 002
22.86 22.81 3.899 8 10 010
22.90 3.883 8 003
23.30 23.31 3.816 2 6 100
27.73 27.57 3.235 012
27.90 27.92 3.196 4 9 102
32.60 32.54 2.751 50 89 013
32.88 32.84 2.727 100 96 110
32.91 2.722 100 103
33.75 33.81 2.651 1 2 111
36.46 36.41 2.468 3 5 112
38.57 38.48 2.340 17 6 01 4
38.54 2.336 11 005
38.75 38.79 2.321 1 4 10 4
40. 46 40.41 2.232 19 28 113
46.68 46.58 1.950 33 17 006
46.79 1.941 31 020
47.63 47.66 1.908 17 29 200
51.58 51.51 - 1.774 5 6 115
52.68 52.52 1.742 4 2 016
52.66 1.738 ‘ 2 023
52.87 52.91 1.730 3 2 120
53.43 53.46 1.714 6 2 203
53.51 1.712 2 007
55.00 54.94 1.671 3 2 007
55.37 55.37 1.659 2 3 122
55.88 55.95 1.643 1 2 212
58.26 58.21 1.585 49 37 116
58.34 1.582 32 123
58.87 58.90 1.568 25 32 213




Table 1.3(a): Final crystallographic data for

YBa,Cu,O

2376.85
at room temperature (After 42)
Atom Wyckoff x/a y/b z/c B(Rz) Site
symbol
Y ih 1/2 1/2 1/2 0.9(1)
Ba 2t 1/2 1/2 0.1844(5) 0.8(1)
Cu(1) la 0 0 0 0.9(1)
Cu(2) 2q 0 0 0.3544(3) 0.6(1)
0(1) le 0 1/2 0
0(2) 2s 1/2 0 0.3788(5) 0.3(4) 0.92(3)
0(3) 2r 0 1/2 0.3771(5) 0.6(1)
0(4) 2q 0 0 0.1579(3) 0.8(1)




Table 1.3(b): Selected bond distance, angle and stremgth data

for YBaZCuaOG.85
Bond Distance Number Bond Distance Number
(R) (&)
Y-0(3) 2.387 x4 Cu(1)-0(4) 1.843 X2
Y-0(2) 2.402 x4 Cu((1)-0(1) 1.942 x2
Ba-0(4) 2.741 x4 Cu(2)-0(2) 1.929 x2
Ba-0(1) 2.877 x2 Cu((2)-0(3) 1.958 x2
Ba-0(3) 2.949 x2 Cu(2)-0(4) 2.306 x1
Ba-0(2) 2.986 x2
Bond Angle (deg)

0(1)-Cu(1)-0(1) 180
0(1)-Cu(1)-0(4) 90
0(2)-Cu(2)-0(3) 88.96
0(2)-Cu(2)-0(4) 98.14
0(3)-Cul(2)-0(4) 97.42
Bond strength data:
Assuming Cu2+ : Cu3+

Cu(1)-0(4) 2x0.33 2x0.38

Cu(1)-0(1) 2x0.24 .2x0.26
Summed strengths 2.27 2.5 = calculated Cu(l1)

valence

Cu(2)-0(2)x2 2x0.23 2x0.25

Cu(2)-0(3)x2 2x0.23 2x0.25

Cu(2)-0(4)x1 0.17 0.16
Summed strengths 2.01 2.16 = calculated Cu(2)

valence




which causes a large anisotropy of the superconducting properties.
Single crystal studies of YBCO showed marked anisotropic
behaviour in resistivity ([50] magnetic susceptibility [51] critical

magnetic field [51,52] and critical current density [53,54].
1.5 PHASE TRANSFORMATION IN YBCO

Phase transition in YBCO is a direct result of the wvariation

in oxygen stoichiometry which results in disorders as well as

structural distortion. There are many reports which deal with
structural transformation [55-59]. The oxygen content of YBCO can
be varied from 6 to 7 by appropriate heat treatment in
controlled oxygen atmosphere. Orthorhombic YBCO loses oxygen at

a high temperature of above 700°C.  The oxygen at O1 sites are lost
gradually and the compound becomes tetragonal and nonsuperconducting

when the oxygen content is £ 6.5.

This decomposition jis reversible and while annealing in oxygen
atmosphere at lower temperature of 400-5000 C, the tetragonal YBCO
absorbs oxygen and the stoichiometry becon_\e YBaz(:u3 07-6 ( 4§ close
to zero). During this absorption 01 sites are filled and the compound
becomes orthorhombic and superconducting again. When the oxygen
content is in the range 6-6.5, the compound is tetragonal and above

6.5 the compound is orthorhombic upto 7 [44]. The unit cell volume

increases with § from 173.7 &° ( § = 0.0) to 176.2 & (4 = 1) [60].

Typical structure and XRD patterns of orthorhombic and tetra-

gonal phases are given in Fig. 1.2agb, 1.3 a&b respectively.
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Quenching YBCO from higher temperature {above 900°C) results
in oxygen defficiency and the compound is tetragonal. If the compound
is slowly cooled in oxygen atmosphere, from a higher temperature of
above QOOOC more oxygen is absorbed and the associated tetragonal
to orthorhombic transition occurs in the 600-7500C range depending

on the oxygen partial pressure [61].

1.6 OXYGEN STOICHIOMETRY, OXYGEN ORDERING AND SUPERCONDUCTING
PROPERTIES

Many researchers have looked into such structural transfor-
mation accompanying change in oxygen content and its dependence on
suberconducting properties of YBCO [62-66]. Chen et al [67] reported
the existence of orthorhombic I and orthorhombic II forms. The
oxygen content is different for orthorhombic I and II. For orthorhom-
bic I, it is 6.7-7 and for orthorhombic II it is 6.5-6.7. .The three
forms, tetragonal, orthorhombic I and orthorhombic II differs in their
cell parameters. For tetragonal symmetry a = b { c¢/3, for orthorhom-
bic I, a ¢ b = ¢/3 and for orthorhombic II, a & b 4 c/3 [68]. Galla-
gher et al [55] attributed the orthorhombic II regime to the coexis-
tence of orthorhombic I and’tetragonal forms. The orthorhombic 1

0
form exists in the temperature range 400-500 C and orthorhombic 1II

‘form in the range 500-600°C.

The effect of varying oxygen content on TC of YBCO has been
studied by many groups [56,57,69-71]. A typical curve for the varia-

tion of Tc with oxygen content is shown in Fig. 1.4.

For x =7-6.8, Tc remains almost 90 K, leading to a plateau
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in the curve, but falls suddenly to 60 K, for x = 6.75-6.5. At 60 K
it exhibits a second platéau in the curve and then falls rapidly to
4 K for higher oxygen deficiency. The TC change to 4 K is followed
by a phase transition i.e. orthorhombic to tegragonal. Many groups
have suggested an ordering of oxygen in YBCO [72-74]. For 4 = 0,
all the 0, sites are occupied. When = 0.5 alternate unit cell have

i
01 positions occupied. When 4 = 1, all the 01 positions are empty.

The melting point of YBCO is dependent on the atmosphere
because of the pronounced changes in the oxygen content at the melting
temperature. The melting point varies from about 975° ¢ in nitrogen

to 1035°C in oxygen [75].

1.7 PHASE DIAGRAM OF Y,0,-Ba0-Cu0 system

Many researchers have carried out the phase diagram studies
of Yz'03 -BaO-Cu0 system [76-79]. These preliminary studies
established phase stability fields below solidus temperature (around

0
950 C). Campatibility regions in tpe pseudoternary Y2 03 -Ba0-CuO

system as determined at 950 °C is shown in Fig. 1.5. The known

copper compounds in this system are BaCuO2 . Y2 Cu2 O5 , Yz BaCuOS,

YBa, Cu,0, and YBa,Cu [76]. In addition there are four possible

3Cuy0, 20u30,_,

barium yttrium oxides, YZBaZOS' Y4Ba309. 1'233407 and ’1’83407 [76]-

Karpanski et.al [80] carried out investigations on the high pressure
phase diagram (1-3000 bar oxygen) in Y-Ba-Cu-O system. They found
the existence of a multiphase region consisting of YBa2 Cu 4 08 [124],
YzBa4Cu7014[247] and YBaZCu307_6 [123] in the pressure range 50-200 bar
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oxygen. Among these phases only YBa Cu3 07-6 {123] and YBa,Cu, O

2 27478

{124] are found to be superconducting.
1.8 PREPARATIVE METHODS

Pure and homogeneous materials with uniform oxygen stoichio--
metry and good superconducting properties can be obtained by several

methods. The more important among them are discussed below.
1.8.4 Ceramic route

This is the most commonly used method of preparation. Pure
YBa2 C.u3 0.7 i has been synthesised [81-86] by high temperature solid
state reaction between constituent oxides/carbonates/nitrates. In this
process, the powders of different components in the appropriate ratio
are mixed well and heated for 12-48 hrs at 850-950°C in air with inter-
mittent grinding. YBaZCUE!O?-J obtained by this process is oxygen defi-
cient and nonsuperconducting. This compound is annealed in an oxygen
atmosphere at 400—50000. Then it absorbs more oxygen and acquires
supercondﬁcting property. Platinum or alumina crucibles are widely
used for the preparation. YBCO prepared by this way shows super-

conducting transition temperature of 92 K.
1.8.2 Chemical route

Many groups have reported the successful preparation of
YBaZCuao,?_6 from precursor powders made by co-precipitation of hydro-
xides, carbonates or acetates [87-90]. The sol-gel method also has
been used [91-93]. The advantage of the above methods are that‘they

yield fine powders having particle sizes less than 1 pm and a better



homogeneity of phase. A major drawback of these processes are side
reaction of the constituent metal ions. The co-precipitated precursor
powders are generally calcined .at 850°C in air and the product thus
obtained is later annealed In oxygen at 400-500°C to get the supercon-

ducting properties.

Experiments starting from metallic precursor are also reported
[94,95]) where Y, Ba and Cu metals are first alloyed and then

oxidised.

1.9 FABRICATION OF YBCO FOR PRACTICAL APPLICATIONS

The major techniques involved in fabrication process are,
(1) powder process, (2) melt process, (3) thin and thick film prepa-

ration.
1.9 Powder process

The bulk synthesised powder with suitable additives or
binders are extruded in the form of wires or tapes. Ceramic metal
composites -as well as ceramic polymer composites have been fabricated

for application purposes [96-98].

Silver is commonly used for fabrication of ceramic metal compo-
sites. Several techniques have been used for the fabrication of diffe-
rent shapes f{rom powder. Expansion compaction or shock compaction
[99] hot isostatic pressing [100] aluminium clading by thermal compre-
ssion bonding [101] and uniaxial pressure application are some of the

methods used for this purpose.



Novel methods such as electron discharge compaction or high
energy high rate process [102]) and sinter forge techniques [103] have

also been reported.
1.9.2 Melt process

In several laboratories YBCO has been processed from a melt
of the same material. The techniques used are melt drawing, melt
spinning or wire melting. 1In melt drawing a bar shaped pressed YBCO
compact is heated at 1200-.130000 and the melted portion is drawn in
the form of a wire by pulling apart the unmelted ends ([94]. The
product obtained by this way is usually nonsuperconducting but has
higher density and texturing. Annealing these wires in oxygen restores
the superconducting property. The critical current density (JC) of
the material is relatively higher [104]. Melt spinning [104] involves
the ejection of the molten YBCO on a ring of rotating metal wheel.
In the wire melting method the experiment is conducted using a
ceramic/metal-core composite, superconducting wire as a preform. The
metal core is melt processed [104] by rapidly moving the torch flame

and melting the outer portion of the YBCO shell.

Coating a metal ribbon or wire with YBCO has also been tried

[96] with encouraging results.
1.9.3 Thin films and thick films

Thick and thin films of YBCO have technological applications.
Thick films can be used for magnetic shielding devices, electrical inter-

connects etc. and thin films for computer applications, SQUIDs, etc.
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Thick films can be prepared by screen printing [105,106]
plasma spraying [107], laser ablation technique, dipping metal or
substrates in a melt of YBCO. -SrTiO3 and MgO are used as substrates
for these purposes.

Various methods are used in thin film deposition. The common
methods are evaporation techniques like electron beam evaporation [108] ,

molecular beam epitaxy [108] as well as the sputtering techniques like

DC, AC and RF magnetron [108].
1.10 SINGLE CRYSTAL GROWTH

To study the intrinsic properties of YBCO one should use single
crystals. Many groups have tried to grow single crystals of YBCO
[109-111]. YBCO melts incongruently above 970°c. So single crystal
cannot be obtained by a solidification of the melt. Only the flux
method can be wused to grow single crystals. The fluxes used are
BaC_qu /Cu0 mixtures. Phase diagram studies (76,78,112] gave an idea
about the temperature at which YBCO is formed. 40 mole % BaO and
60 mole % Cu0 mixtures at 9350C {113], 28 mole % BaO, 72 mole %
Cu0 at 870°C are found to be useful as fluxes for the growth of single
crystals of YBCO. Usually flaky crystals of a few mm size are obtained

by the flux method.

111 SOME BASIC PROPERTIES OF YBaZCua().l_ s

Some of the important properties of YBCO have been summarised

by Malozemoff et al [114] and are as follows:



i. It is a type 1I superconductor

2. Hall carrier density: 4 x 1021 cm-3 (for a material of resis-
tivity = 400 pp-cm, just above TC)

3. dHCz/dT = 2 T/K
BCS coherence length ( f; ) = 1.4 nm
London penetration depth = 200 nm
Main free path = 1.2 nm.

4. HC1(0] = 1T

5. HCZ(O) = 120 T

6. Critical current density:
In bulk sample at 77 K = 102 - 10® A/en?
Thin films on SrTi0, = 10’ Asem® at 77 K

7 8 2

Depairing current density 10° - 10 A/cm

1.12 DIFFICULTIES FOR PRACTICAL APPLICATIONS AND SOLUTIONS
1.12.1 Low critical current density [Jc]

The potential of a superconducting material for practical appli-
cations depends mainly on their critical current characteristics. A
high critical current density of the order 104 -105 A/cm2 in 2-5 T
fields is required for the major electrical applications. But bulk
samples of YBCO have shown poor values of transport critical current
density or intergrain critical current density of the order of 102-103 A/crn2
at 77 K in zero applied field [115-118]. Even this modest current

density is substantially reduced in magnetic fields of only 1 mT.
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But the interest in this material is related to the properties
within the grains. It was found that the critical current density of
the single grain or single crystal (intra-grain critical current density)
is very large of the order of 107 -108 A/cm2 at 77 K in zero field
[119-121]. Even at liquid nitrogen temperature they can carry a
commercially usable current. Critical current density in polycrysta-
lline YBCO is thus a complex quantity whose values depend on many

factors.
1.12.1.1 Causes for low JC values in bulk YBCO

All the aspects for low Jc values in bulk have not yet been
clearly understood. Some of the factors for low transport critical
current density in bulk YBCO are (i) anisotropy, (ii} weak nature of

grain connectivity, (iii) oxygen Instabilties.
i. Anisotropy

As we have already seen, the YBCO superconductor has a
perovskite based layered structure which causes a large anisotropy
of the superconducting‘properties. Measurements on single crystals
of YBCO have shown that ‘]c along a-b plane is one order of magnitude
higher than along c-axis [122]. Therefore the misorientation of grains

in the bulk causes reduction of .]C.
ii. Weak nature of graiﬁ connectivity

A number of possibilities exist for the source of weak nature
of grain connectivity. The major one is the presence of impurity

layers such as carbonates, or other non-superconducting phases at the
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grain boundary. It was found that traces of silicon impurities can
dramaticallly decrease .]C [123). When the thickness or length of the
~interlayers between the grains is greater than coherence length ( § ) of
YBCO, it can catastrophically limit the critical current density. It
was found that the intergrain boundary layers have thickness ranging
from 10-50 % But coherence length of YBCO is only 7 to 34 R At
the . same time, it is well established that the distribution of minor
amounts of certain impurities in the superconducting matrix can enhance

the Jc value significantly by acting as flux pinning centres.

The presence of micro-cracks or stress concentrations resulting
from the severely anisotropic thermal expansion in different crystallo-

graphic directions can limit Jc.
iii. Oxygen 1Instabilities

The YBCO material is highly characterized with roxygen insta-
bilities. As we have already seen in YBa2 C‘.u307_<S if §2z 0.5, the
material is non-superconducting. It has also been found that ‘]c decrea-
ses almost linearly with t_jecrease in oxygen content from 7 onwards

[124].
1.12.2 Reaction with water

YBCO material 1is highly reactive with water and moisture.
The superconducting properties get destroyed if it is kept in contact

with water/moisture.



1.12.3 Brittleness

The high Tc superconductors are highly brittlee. It is very

sensitive to hammering or shocks etc.

1.12.4 Possible solutions

ii.

iii.

iv.

vi.

vii.

The possible solutions for the above problems are:

The control of the formation and thickness of the impurity
layers between the grains. It should be less than 10 R. By

the preparation of phase pure material, this can be achieved.

Relative orientation of the grains can be improved by following

appropriate texturing technique.

By identifying and incorporating suitable flux pinners JC and

JC(B) characteristics can be improved.

The critical current density is found to be maximum when the
oxygen content of the sample is between 6.82-6.95 [124].

This can be achieved by proper oxygen treatment.

The material which is having density around 90% of the theore-
tical value shows maximum current density [124]. By following

proper processing technique, this can be achieved.

Following a very slow cooling rate the formation of cracks

can be avoided.

The contact with water/moisture can be avoided by giving

polymer like coating to the material.



viii. Ductility can be imparted by adding silver in the supercon-

ducting material,

1.13 STRUCTURE OF BISMUTH CUPRATES

The superconducting bismuth cuprates are orthorhombic and

have structures similar to those of YBCO. The structure of the
BizerCaCu208+ 5 (84 K phase) has been analyzed by many groups
[125- 128]. A typical structure of BiZSr2 CaCuz O8+ 8 is shown in

Fig. 1.6. The unit cell of the single crystal of composition
BiZSrZCaO.B Cu‘z 0 B+ was determined [128] and it was found to be
orthorhombic with lattice parameters a = 5.414 A", b = 5.418 A°
and c = 30.89 A°  and pseudo symmetry Fmmm. This result is
substantial agreement with Hazen et al [12] who worked on polycry-
stalline samples. In this structure the infinite number of GuO2 planes
separated by Ca in the same way that the planes of Y]Ba2 Cu3 07-6

are separated by Y. The copper oxygen coordination polyhedron is
a square pyramid of similar geometry to that found in YBa2 Cu3 07_6.
but with an important .difference in the bond length of the Cu to the
apical oxygen. The inplane Cu-O distances in Bi,Sr,CaCu

2510w, 04,
1.875 A, and the apical oxygen is at 2.05 & , considerably shorter

are

than for the Cu-apical oxygen distance in YBa (2.3 R ).

24397

The bismuth coordination is basically octahedral. The difference
between the structures of the different superconducting phases in the

Bi-Sr-ca-Cu-0 system is only in the number of CuO layers between

2
Bi-O layers. The 2212 compound has two Cqu iayers and 2223
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compound has three Cqu layers. With the variation in number of
Cqu layers, the orthorhombic c-parameter also varies. The ortho-

rhombic c-parameters corresponding to the number of CuO layers in

2
1,2,3 members are 25, 31 and 37 A° respectively.

Almost all the problems faced by YBCO are encountered with
bismuth based superconductors also except for oxygen content and
weatherability which are not sensitive as observed in the case of

YBCO.
1.14 AIM, SCOPE AND OBJECTIVE OF THE PRESENT WORK

Between the new breed of high temperature superconducting
materials and its vast potential for practical applications lies a few
hurdles which are neither easy nor seems impossible to overcome.
One of the main hurdles as discussed earlier is its low critical
current density in bulk. The problem identified for the present
investigation, about five years back, was on this line to find ways
and means to achieve higher critical current density for practical
applications. The fact that ab-piane can carry one order of magnitude
higher current compared to ac- or bc- planes prompted to study

textured grain growth in YBCO material.

Since in ceramic materials, texturing can be imparted by

suitable processing techniques, the main aim of the present work was

I. TO STUDY THE EFFECT OF PROCESSING CONDITIONS AND SUBSTI-
TUENTS ON TEXTURED GRAIN GROWTH OF YBCO.

With this in mind, experiments were carried out



II. TO FIND FOR THE FIRST TIME THE EFFECT OF Po2 AND TEMPE-
RATURE DURING CALCINATION ON TEXTURED GRAIN GROWTH OF

YBCO.

Having investigated the above effect, it was thought that if
vacancy is the driving force for such textured grain growth, selective

substitution should also lead to similar effect and thus the next aim

was

III. TO FIND THE EFFECT OF ALKALI METALS SUBSTITUTION ON

TEXTURED GRAIN GROWTH.

Alkali metals with '+1' wvalency, viz, Na, K and L1 was used
to replace Y/Ba/Cu which are all either double or triple valent.
Hence these substitutions should in principle, be able to generate

oxygen vacancies which will aid textured grain growth.

It is now imperative to find a suitable explanation and a
model to explain the observed textured grain growth by changing

either the processing conditions or by’  substitutions. Hence next aim

was

Iv. TO SUGGEST A POSSIBLE MECHANISM FOR THE FIRST TIME FOR
ENHANCED TEXTURED GRAIN GROWTH ON THE BASIS OF OXYGEN

VACANCY CREATION IN YBCO.

An interesting observation made in the above work was that
decreasing Po2 reduced the processing temperature. This led to

develop a process of



: 29 ¢

V. DYNAMIC VACUUM CALCINATION TO PREPARE PHASE PURE YBCO

IN A SHORT TIME AND AT A LOW TEMPERATURE.

The application of vacuum ( o~ 2-10 mm of Hg) reduces the
time and temperature of processing whereas dynamic process takes
care of gases evolved during the reaction and thereby restricting any

back reaction to be operative which results in impurities.

Inherent properties of BPSCCO has put itself ahead of YBCO
due to high Tc' better weatherability and better texture. But litera-
ture showed considerable ambiguity in the initial stoichiometry to be
chosen for the synthesis of phase pure BPSCCO material having higher

JC. Thus our next aim was

VI. TO STUDY THE EFFECT OF INITIAL STOICHIOMETRY VARIATIONS
ON THE FORMATION OF HIGH Tc. LOW Tc' IMPURIT-Y PHASES,

TEXTURING AND POSSIBLE PINNING CENTRES.

After achieving certain experimental procedures and better
understanding in synthesizing platy grains -of YBCO and BPSCCO the

next aim was

VII. TO FIND OUT SUITABLE ALIGNMENT TECHNIQUE AND SINTERING

SCHEDULE TO MAKE SINTERED BULK WITH HIGHER JC.

It is well known that addition of Ag has no poisoning effect
in YBCO whereas it improves mechanical properties. But a few
initial reports showed addition of Ag has a poisoning effect on BPSCCO

when processed in air. Thus a study was undertaken
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VIII. TO FIND SUITABLE METHOD OF Ag-BPSCCO PROCESSING TO

INCREASE Jc AND ITS MECHANICAL PROPERTIES.

The present study 1is described in three sections. Part A,
consists of study of textured grain growth in YBCO under different
Po2 , temperature and by substitution. Mechanism for enhanced
‘textured grain growth and preparation and characterization of textured
sintered bulk YBCO by cold pressing and heat treatment are also

included in this part.

Part B gives details of the preparation of phase pure YBCO

by dynamic vacuum calcination and its characterization.

In Part C, studies on the effect of initial compositional varia-
tion on the structural and superconducting properties of
(Bi,Pb)-Sr-Ca-Cu-0 system, textured grain growth of BPSCCO, prepa-
ration and characterization of sintered textured bulk BPSCCO by suspen-
sion method, superconductivity in Ag added BPSCCO system and the

mechanical properties of BPSCCO/Ag composite are included.
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CHAPTER 2

EXPERIMENTAL METHODS AND INSTRUMENTAL TECHNIQUES

2.1 INTRODUCTION

In this chapter a brief description of the major experimental
techniques and methods used for the characterization of high tempera-
ture superconductors are given. A description of the instruments used
for the characterization of the materials are also included here.

Further experimental details are given in the appropriate chapters.

2.2 TRANSITION TEMPERATURE (Tc) MEASUREMENT
Tc of the samples was measured by standard four probe
method [1] using an APD cryostat. Bar shaped specimens of dimen-

sions 20 mm X 4 mm x 2 mm were prepared and point contacts were
given at the points M,N,0,P as shown in Fig. 2.1 using silver paste 309
(Demetron) and curing was done at 1000C. Copper wire was soldered

at these points.

To measure the resistance, a constant d.c. current (in the
range 1-10 mA from Keithley constant current source model 220) was
sent through the sample between contacts M § P. The wvoltage drop
was measured between the contacts N and O with a Keithley 181 nano-
voltmeter. The sample was initially cooled to around 20 K and then
slowly heated at the rate of 1 K/min while the measurements were

reading
done. At the superconducting transition temperature, the voltmetera
suddenly raised from =zero while ‘a current is passing through the

sample.
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SPECIMEN

M,P - Current leads

N,O - Voltage leads

Fig. 2.1: Four-probe contacts



: 44

2.3 CRITICAL CURRENT DENSITY (Jc) MEASUREMENTS

Sample holder as shown in the figure 2.2 for the measure-
ments of ‘]c was fabricated. Bar shaped specimens were used for
the measurements. For making the current leads end of the sample
was first coated with silver paste and then pressure contact was
given by using the sample holder. For the voltage leads copper wire
was soldered on the coating of silver paste at an interval of 1cm., A
powerful battery was wused as the current source. Critical current
at 77 K was determined by the resistive transition with 1 PV/cm

criterion.
2.4 XRD ANALYSIS

In the present study, X-ray powder diffraction was used as
the main tool for the identification of phases, for the determination
of lattice parameters and for the identification of crystallographic

plane of grain growth and its quantification in both YBCO and BPSCCO.

The basic principle of X-ray powder diffraction is Bragg's
law. Since the atoms or molecules in a crystal are arranged with
a definite spatial symmetry, Bragg assumed that a set of equidistant
parallel planes can be drawn through any crystal. A very large
number of such families of planes may be drawn. The planes of each
family are separated from each other by a characteristic distance.
These planes are known as Bragg's planes and their separations as

Bragg's spacing 'd’'.
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Copper screw

Current leads
Voltage leads
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Spring loaded
copper screw
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Fig. 2.2: Sample holder for the measurement of Jc
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Let us consider several parallel planes in the crystal. Let
X-ray wave front enter from the left making an angle © with the
crystal plane, 'pp'. It can be reflected only if after scattering,

it proceeds in a direction making again an angle g with the plane
considered. It is represented by Fig. 2.3. From the Fig. 2.3, it
can be easily seen that the rays reflected from the second plane 'plpl'
travel a greater distance than those from the plane 'pp'. In order
that reflection from the second and successive planes should reinforce
we must have these additional distancs as some integral multiples of

the X-ray wave length.
ie, 2dSin® = nA

where n. is the order of reflection.

The above equation is known as the Bragg equation.

The X-ray powder diffractometer is an out growth of the Bragg
ionization spectrometer [2] which was applied as early as 1913 to
the measuremment of reflections from single crystals. Unlike the ioni-
zation spectrometer which disperse a spectrum of X-ray wavelengths,

by means of a crystal gratings of some fixed spacing d the

hkl °*
diffractometer is designed to disperse X-rays of a single wave length
by diffracting them from planes of different spacing. Furthermore,
an X-ray powder diffractometer is characterized by the use of a local
intensity receiver (quantum counter) rather than a photographic film

and a parafocussing arrangement is usually employed to increase the

intensity and the resolution.
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Fig. 2.3: X-ray diffraction in crystals
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For the present studies, the X-ray diffractograms were
recorded with Philips PW 1710 powder diffractometer. The X-ray
generator is operated at 35 kV and 20 mA. Cu KX radiation is used
with a Ni filter. The scanning range employed is 4-100° . The normal
scanning speed is 20 /min with chart speed being 1 cm/min. When
precise lattice parameter measurements are to be made the reflection
peaks are récorded with slow scanning speed ( 0.30/min with chart
speed 1.5 cm,min). When comparative studies are to be made on
various test samples, the instrumental parameters are kept constant.
Silicon is wused as the internal standard for precise measurements.
The lattice parameters were determined using the least square method

£31.
2.5 MICROSCOPIC TECHNIQUES

Microscopic techniques are very good tools for the accurate
observation of morphology, size of grains and surface properties of
materials. For the micrographs, desirable magnification 1is required
in order to get the details one is looking for. Optical microscopy
is usually adequate for characterisation of particles greater; than 0.5
to 1 r.xm in size. Electron microscopes (both transmission and scanning)

can measure particles sizes as less as 0.001 }Jm.

In scanning electron microscopy a focussed electron beam is
impinged on the sample. The reflected beam is analysed by suitable
devices to get well defined pictures of sample surface.. In the course

of present investigation, scanning elgctron microscope (SEM), JEOL-
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JSM35C was used. The electron gun was operated at an electron energy
of 15-25 KeV with a beam diameter of 20-25 nm. The unit is operated
at 1 KV and 10 mA currrent. Polished as well as fracture surfaces
have been examined by the SEM. Before loading the sample in the
chamber, conductive gold coating was given using a sputtering unit
(JEOL, Fine Coat, JFC 1100, Japan). The thickness of coating was
7100 % 'This helps to remove the charging effect which is produced
on the sample surface due to high energetic beam. For taking the
photographs of these gold coated samples, it was mounted in the
chamber and the system as evacuated to 10-6 torr pressure. The
electron beam was directed on the selected areas according to the
requirement. In the present study, most of the photographs were

taken at a magnification of 1000-2000.

Optical photographs of the polished surface of the supercon-
ductor/Ag composites were taken using a Leitz Metalloplan optical

microscope with different magnification under bright field illumination.
2.6 THERMAL METHODS OF ANALYSIS

Thermal analysis is a general term which covers a group
of related tgchniques in which the temperature dependence of the para-
meters of any physical property of a substance is measured [4,5].
The physical property is determined as a function of temperature.
The more important thermal analysis are thermogravimetry (TG), Diffe-
rential thermal analysis (DTA) and Differential scanning calorimetry
(DSC). 1In the present study, TG and DTA are used for the characteri-

zation of high temperature superconductors.
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Thermogravimetry is defined as the technique whereby the
mass of a substance in an environment heated or cooled at a controlled

rate is recorded as a function of time or temperature.

Differential thermal analysis is a thermal technique in which
a record is made of the temperature difference between the sample
and an inert reference material against time or temperature while the
two specimens are subjected to identical temperature regimes in an
environment heated or cooled at a controlled rate. The graphical
records of DTA curves shows sharp increase or decrease in the tempe-
rature difference depending on whether a change in the sample causes
liberation or absorption of heat. The reference substance should not
undergo decomposition or phase Fransition in the temperature range
of interest. K -Alumina is often used as the reference material which

behaves gatisfactorily upto 1950°cC.

The basic components of a TGA apparatus is thermobalance. The
main part of a thermobalance are (a) recording balance, (b) furnace,

(c) furnace temperature programmer and controller, and (d) recorder.

The basic components of a DTA equipment are (a) furnace,
(b) sample holder, (c) temperature sensor, (d) property ( AT or

dA/dt) sensor, (e) recorder, and (f) furnace temperature programmer.

Du Pont 2000 thermal analysis system in conjunction with 951

TGA and 1200 DTA were used for the present study.
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2.7 DETERMINATION OF OXYGEN STOICHIOMETRY BY IODOMETRIC
TITRATION

An iodometric titration was developed by Harris et al [6]
for the determination of oxygen content in YBCO superconductor [6-8].
This method is widely employed for the determination of oxygen

content in YBCO superconductor [7,8].

The C‘.uz+ and excess oxygen content [Cu3+) of YBaZCU3O7-8
was measured by two iodomefric titrations. In experiment A, appro-
ximately 25 mg of YBCO powder was dissolved under Ar in 7 ml of
1 MKI + 0.7 M HC1 solution. Cu3+ or excess oxygen behaves as a two

24
electron oxidant and Cu as a one electron oxidant.

21 —> 0 1)
0+ 21 (ag) * I3aq) (
34 - :
or Cu + 31 —> Cul + I2 (1)
2+ -
21 —>» Cul 1/2 1 2
Cu aq) ¥ (aq) Wigy * 2 Lhag) (2)

The solution was diluted with 8 ml water and the liberated
jodine was titrated with sodium thiosulphate. One mole of thiosul-
phate corresponds to one equivalent of oxidant (I or Q) in the original

sample.

2- > 2-

) _
5293 (aq) * '2(aq) 59 (aq) * 2! (aq) (3)

2

In experiment B approximately 25 mg of powder was dissolved



in 5§ ml of 1 M HCl in air and boiled gently for 10 minutes. As
stated earlier Cu3+ or excess oxygen in YBCO reeacts with the
hydrochloric acid to liberate oxygen and is reduced to cu?* or 0.

Then 10 ml of 0.7 M KI was added under argon and the liberated
iodine (Iz) was titrated with thiosulphate. In this case all the
copper is in the form of Cu2+ . It follows that the fraction of Cu
in the trivalent state is (A-B)/B where A and B represent the moles

of titrant required per gram of samples in experiments A and B respec-

tively. Then the oxygen content of the material is

Iodometric titrations were carried out under Ar to prevent
air-oxidation of iodide ion. Sodium thiosulphate titrant was standar-
dised against standard Kz Cr207 solution, Starch indicator was added
just before the end point in the titrations.
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CHAPTER 3

STUDIES ON TEXTURED GRAIN GROWTH IN YBCO UNDER DIFFERENT
OXYGEN PARTIAL PRESSURES AND TEMPERATURES *

3.1 INTRODUCTION

As ment-ioned in the general introduction part, the major hurdle
in the practical applications of YBCO is its poor value of transport
critical current density (JC). For major high current electrical appli-
cations it should be at least of the order of 105 A/cm2 whereas it is
frequently reported to be of the order of 102-103A/cmz in bulk at 77K
in zero applied field [1-4]. In spite of low Jc observed in bulk,
the interest in this material is related to the fact that JC of single
crystal or single grain is as high as 107-108A/c:m2 [5-7). One of the
major reasons for the large diffrence between inter-grain and intra-grain
JC is the anisotropic nature of JC [7.8]. From the single crystal
studies it was found that JC is about an order of magnitude higher
along ab-plane than along c-axis [9]. Therefore for getting higher

critical current density in bulk, the individual grains should be aligned

or textured so that their ab-planes lie in the direction of current.

Single crystals of YBCO are difficult to grow in large sizes.
- Conventional methods of fabrication of bulk material, though easy, result
in random orientation of the particles and shows average isotropic
properties only [10]. Therefore fabrication processes which vyield

textured microstructure are needed.

¥*This work has been partly published in:
a. Solid State Commun., 72, 93 (1989)
b. Superconductor Science & technology, 5. 54 (1992)
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Grain-oriented fabrication in ceramics requires the presence
of some form of anisoropy in the particles of the starting material or
a driving force which is utilizéd during processing to encourage ani-
sotropy in grain growth [10]. The grain-oriented fabrication method
thus be tailored for the material depending on whether the anisotropy
in the particle morphology 1is utilized or the anisotropy in some
specific property of the particle is utilized. Both methods can be
used separately or in conjunction with each other wherever possible
to obtain enhanced orientation. The ordering force that can be used
for orienting the grains are mechanical (including gravity), electrical,

magnetic etc.

There are several different ways of introducing texture in
bulk polycrystalline YBCO superconductors. The most important work
in this direction has been the fairly recent achievement of JC of the
order of 104 .—105 A/cmz in melt textured YBCO [11,12] in which both

peritectic reaction and directional solidification is induced by partial

melting and temperature gradient.

An equally important technique is to grow preferentially tne
ab-planes in grains and aligning the resulting platelet shaped grains
by mechanically or magnetically and finally sintering it so that the
alignmmennt 1is retained. The flow chart of this technique is as

follows.
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Raw materials

Process-1

Powders having platelet morpholicgy

Process-2

AN
Aligned/Textured grains

Process-3

Final sintered product

Raw materials are usually nitrates, carbonates or oxides of
Y, Ba and Cu. In process-1, raw materials are well mixed and
subjected to appropriate heat treatment so that it should give phase
pure platelet grains having grain growth along ab-plane. In the process-2
these grains are aligned or textured, mechanically or magnetically so

that their ab-plane lie in the same direction.

Mechanical alignment methods include (a) plastic extrusion,(b) tape
casting, (c) hot pressing, (d) vibrational alignment, (e) cold pressing,

and (f) suspension through a dense liquid.

In the magnetic alignment method slurry of the platelets
prepared in an epoxy resin or other volatile solvent like heptane is

dried in the presence of magnetic field of the order of 9-10T [13,14].
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The grains get aligned because of its anisotropic paramagnetic suscepti-

bility.

The aligned grains are then subjected to process-3 in which
by proper heat treatment a sintered and oxygenated final product is

obtained.

Many researchers have followed mechanical as well as magnetic
alignment methods and they have obtained JC about 5 to 10 times of
magnitude higher than that of conventionally fabricated samples [15-23].
Among these, the report of X.G. Zheng et al [15] is a remarkable one
which gives a JC of 4200A/cm2 at 77K in YBCO by vibrational alignment

method.

The key to th_e mechanical/magnetic alignment and sintering
process is the powder with anisotropic morphology. Thus it is impera-
tive to study the conditions under which such platy grain formation
occurs in YBCO and to optimize the experimental conditions so as to
yield the grain size within the range required for the successive proce-

ssing steps as described above.

It is well known that in an oxidic ceramic system having a
layered crystalline structure if the duration, temperature and oxygen
partial pressure of calcination are optimized, the inherent growth aniso-

tropy of the materials allow to develop platy particles.

In the present study the growth of platelet shaped YBCO grains
under different oxygen partial pressures and temperatures during the

calcination stage has been invest'igated.'
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3.2 EXPERIMENTAL

Powders weighing about 5-6 gm of Y BaCO and CuQ

2 93 3
(Aldrich, 99.9% pure) were well mixed in the molar ratio of 0.5:2:3
in an agate mortar in acetone medium. The mixed powder was loosely

pressed into pellets (weighing about 3 gm) and put inside the furnace.

The experimental set up is shown in Fig. 3.1.

Soaking was done at temperatures in the range 85000 - 10500(3
for 12 hrs in different oxygen partial pressures (Poz) ranging from
4-60% in ambient pressure. The Po2 inside the furnace was controlled

by passing oxygen or nitrogen or a mixture of both and was measured

by a stabilized zirconia type sensor (Raskin).

3.2.1 Measurement of textured grain growth

The textured grain growth in the calcined pellet was studied
mainly by X-ray powder diffraction as well as scanning electron wmicro-
SCOpY - Shape. and size of the grains were determined from the SEM
fractographs of the pellets. For example the SEM fractograph of
samples 51 and S2 with grain size 5 pm and 15 pm given in Fig.3.2Zagb
re spectively show that grains are or platelet shape in 15 pm sample
whereas the grains are more or less spherical in the 5 pm sample.
But from the SEM photograph it is impossible to identify the crysta-
llographic direction of grain growth. X-ray diffraction can be success-

fully employed for this purpose.

For this the pellet was gently crushed and the grains were

separated. A comparison of SEM photograph of the fracture (Fig.3.2b)
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1 Temperature controller

2 Power supply cable

3 Thermocouple lead

4 Material

5 Insulator

6 Heatling element

7 Ceramic tube

8 Oxygen analyzer probe

9 Oxygen analyzer display
10 Gas inlet

11 Platinum boat

Fig. 3.1: Experimental set up for the processing

of. YBCO under different oxygen partial
pressures and temperatures
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with that of separated grains (Fig. 3.3) of sample 52 shows that the
grains are still retaining the platyness to a large extent even after

crushing.

The separated grains weighing about 4 gms were filled in a
rectangular die having dimensions 20 mm x 15 mm x 5 mm and pressed
under a pressure of about 75 MPa for 5 minutes which was found to
give significant alignment even in samples with aspect ratio of grains

just above unity.

X-ray diffraction was performed on the pressed surface of the
sample which is perpendicular to the axis of compression. In the case
of samples having grain size more than 5 pm, the intensities of (001)
reflections were found to be enhanced significantly compared to other
reflections. Typical XRD patterns of samples S1 and S2 are shown in

Fig. 3.4agb.

The increase in the intensities of (001) reflections in the XRD
pattern of sample S2 indicate that the crystallites near the surface
of the sampie tend to be oriented so that tneir ab-plane lie in the
same direction. This can happen only when the grain growth is along

ab-plane.

The ratio of the intensities of (005) and (113) reflections which
appear at 2@ = 38.570 and 40.46o respectively was taken as the orien-
tation index (0.1.) not only for identifying the crystallographic direc-
tion of grain growth but also for measur‘ing the extent of grain growth

in different samples. These reflections were chosen becausc the intensity
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Fig. 3.3: SEM photograph of the separated grains
of sample S2
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Fig. 3.4: XRD patterns of (a) sample S1 and
{b) sample S2
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of (113) reflection is found to be almost same even as the intensities
of (001) seem to increase by tens of orders and that of (hk0) increases

to a lesser extent as the textured grain growth increases.

Since the same pressing parameters are used during the prepa-

ration of samples for XRD, the alignment of grains will increase as

the size of platy grains increase. Thus by defining 0.1. as explained
above we get a simple tool for the measure of grain growth along
the ab-plane in addition to SEM photographs. Lotgering index [24]

which is used by many researchers as a measure of texture is not
employed in our analysis since there is substantial overlap among
various reflecttions in YBCO, which makes its calculation tedious and
erroneous when dealing with a large number of samples. In addition
to the simplicity of the procedure, the O.I. as defined above has the

following advantages.

a. (005) and (113) are comparatively pure reflections
b. Both reflections come nearby so that the instrumental

errors will affect both intensities to the same extent

From the calculation of 0.I. and the‘ comparison with the SEM micro-
structure of the samples we find that the lower limit of 0.1. is unity

and it represents nearly spherical particle morphology.

3.3 RESULTS AND DISCUSSION
3.3.1 Effect of oxygen partial pressure

Experiment was done by Kkeeping the temperature constant and

varying the Po within a suitable range which gives single phase YBCO

2 L}

and the corresponding textured grain growth was studied. Table 3.1
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gives the oxygen partial pressure, orientation index and grain size of
0
the samples processed at a temperature 960 C.
Table 3.1: Oxygen partiai pressure, orientation index and

grain size of the samples processed at a
temperature 960°C

Po

Samples 2 0.1. Grain size
(%) ( pm)
51 34 + 1 1 5
S2 23 + 1 23 15
53 18 + 1 210 33

The XRD patterns of powdered samples and SEM photograph of both
the fractures and the powders of S1, S2 and S3 are shown in Figs.3.5

and 3.6 respectively.

From' the Table 3.1 and Figs.3.5 & 3.6(a,b,c) it is clear that at
0
a processing temperature 960 C and the Po2 in the range 17-35% the

textured grain growth is more at 18 + 1% Po at 9600(:

9° Below 17% Pt:)2
the sample was found to undergo incongruent melting resulting in multi-

phase.

Similar experiment was done by fixing the temperatures to
920 + 2°c, 940 + 2°c, 960 + 2%°c, 980 + 2°c, 1000 + 2°c,1020 + 2%C
and choosing the range of oxygen partial pressure which gave single
phase material. Fig. 3.7 shows the plot of grain size vs Po, of the

2
samples processed at different temperatures.
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Fig. 3.5: XRD patterns of samples S1, S2 & S3
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Fracture

Powder

Fig. 3.6: (b) SEM photograph of fracture and powder
of sample S2
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Fracture

Powder

Fig. 3.6: (c) SEM photograph of fracture and powder
of sample S3
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In all these cases the grain growth was found to be along
ab-plane as observed from the strong reflections of (00[) from the XRD

patterns.

From the studies it can be seen that at a fixed processing tempe-
rature and a range of Po2 which gives single phase material, textured
grain growth is mare at lower Po2 compared to that at higher Poz.
Also it was found that the maximum grain size observed was around
33 pm in all cases and this maximux.n size occurred just below the begi-
nning of incongruent melting as determined by the processing Po2 .
Another observation is that at lower processing temperatures the change
in textured grain growth is more sensitive to the PoZ than that at the

0
higher processing temperatures. For example at 1020 + 2 C, an increase

in F’o2 from 34 + 1% to 50 + 1% does not change the grain size much.

3.3.2 Effect of temperature

Experiment was done by keeping the Po constant and varying

2
the temperatures within a suitable range which givas single phase YBCO

and the corresponding textured grain growth was studied.

Table 3.2 gives the temperature, orientation index and grain

size of the samples processed at a Po, of 34 + 1%.

2

SEM photograph of the fracture and the powders of samples

54, S5, S$6 and S7 are shown in Fig. 3.8.
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Table 3.2: Temperature, orientation index and grain size

of the samples processed at Po, 34 + 1%
Samples Temperature 0.1. Grain size
0
(C) ( pm)
sS4 960 + 2 1 5
S5 980 + 2 25 15
S6 1000 + 2 85 22
57 1020 + 2 215 34

From the Table 3.2 and Fig. 3.8 it is clear that at a proce-
ssing F’o2 of 34 + 1% and the temperature in the range 960-10200(3 the
textured grain growth is maximum at 10200C. Above 1020 °c at a Po2

of 34 + 1% the sample was found to undergo incongruent melting resulting

in multiphase.

Similar experiment was done at fixed Po,s, 4 + 1%, 10 + 1%,

2
18 + 1%, 23 + 1%, 30 *+ 1%, 34 + 1% and choosing a range of temperature

which gave single phase YBCO.

Fig. 3.9 shows the plot of grain size vs processing tempera-

ture of samples processed under different oxygen partial pressures.

In all these cases also the grain growth was found to be along

ab-plane as observed from the XRD patterns of the samples.

From the studies it can be seen that at a fixed processing
F’o2 and a range of temperature which gives single phase material,

textured grain growth is more at higher temperature compared to that
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Fig. 3.8: (c) SEM photograph of fracture and powder
of sample S6
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Fig. 3.8: (d) SEM photograph of fracture and powder
of sample S7
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at lower temperature. Also it was found that the maximum grain size
observed was around 33 Pm in all cases and this maximum size occurred
just below the beginning of incongruent melting as determined by the

processing temperature.
3.3.3 Effect of oxygen partial pressure and temperature

From the above studies we have seen two things:

a. At any temperature the textured grain growth is a maximum
at the lowest Po2 provided both the temperature and Po2 are
within their admissible range of values guaranteeing single

~phase YBCO.

b. At any fixed Po the higher the processing temperature

2
the higher is the textured grain growth.

Fig. 3.10 shows the plot of Po2 vs temperature for fixed grain
sizes 5, 15 and 33 pm. Similar curves can be drawn for any average
grain size lying between 5 and 33 }xm under the present experimental

conditions.

From the Fig. 3.10 it is clear that textured grain growth in
YBCO is mainly dependent on the oxygen partial pressure and tempera-

ture and the grain growth can be controlled by adjusting them suitably.

From the figure it 1is also evident that the temperature for
the formation of a fixed grain size reduces significantly as the proce-
ssing Po2 decreases. The plot corresponding to 5 }Jm has an added

significance because the steady decrease in processing temperature
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in it by the lowering of P02 is a clear indication for the decrease
in the temperature of YBCO phase formation itself. These results led
to the development of vacuum calcination process which has been dealt

in part B of this thesis.
3.3.4 Effect of soaking period

By keeping Poz and temperature constant, textured grain growth
of the samples in various soaking periods was studied. Fig. J3.11
shows the SEM photographs of the sample processed in air at 9500(3

with a soakirg period of 12 hrs and 60 hrs respectively.

Fig. 3.12 gives the plot of grain size vs soaking period of
samples prepared at temperatures 960 + 20 C; 1020 + ZOC and Poz.
18 + 1%, 33 + 1% respéctively. Similar curves can be drawn for other
temperatures and oxygen partial pressures also. From the figure it
is clear that textured grain growth increases with the increase in
soaking period. Also, by increasing the soaking period and choosing

the appropriate oxygen partial pressure and temperature YBCO having

grain size greater than 60 ].1m can be synthesized.
3.4 CONCLUSION

Studies were conducted on the growth of platelet shaped grains

of YBCO under different processing parameters like Po temperature

2>
and soaking period during the calcination stage. The results clearly

show that
a. The grain growth along ab-plane is accelerated by the

decrease of Poz. if the ' processing temperature is kept

constant.
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o) hrs

12 hrs

Fig. 3.11: SEM photographs of the sample processed in
air at 9509C with soaking periods 12 and 60 hrs
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Fig. 3.12: Plot of grain size vs soaking period of
samples processed under different
temperature and Po2



b. If the Po2 is kept constant, the grain growth along
ab-plane 1is accelerated as the processing temperature

increases.

c. If Poz. processing temperature and soaking period are
suitably selected, platelet grains of desired size (within

a range of 5-100 Pm] can be synthesized.

Apart from establishing the dependence of growth of platy
grains of YBCO on the processing parameters, this study has also
indicated that YlBaZCU(iO?-é phase formation in the conventional ceramic

route commences at lower temperatures if the oxygen partial pressure

is reduced.
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CHAPTER 4

STUDIES ON TEXTURED GRAIN GROWTH IN YBaZCUSO7—J

BY ALKALI METALS SUBSTITUTION ¥

4.1 INTRODUCTION

There have been numerous studies on' substitution of Y, Ba
and Cu by elements like alkali and alkaline earth metals, rare earths,
transition metals (Ag., Au, Ni, Fe, Co) and Al, Pb, Ge, Zr, Bi, Tl, etc.
in YBCO [1]. The wvast literature does not allow to refer explicitly
to each relevant paper. But almost all of them investigate the effect
of substitution on transition temperature. Eventhough the substitution
is likely to affect the grain size, grain morphology etc., not much
attention has been paid to these aspects in most of the reports.
Murugaraj et al [2] has found that addition of Kz 003 in a Ba deficient
composition enhances textured grain growth in YBCO. At the same time
addition of K in a stoichiometric composition did not result in such
a pronounced texture effect [2]. There are also reports in which K" is
suggested to substitute for Ba2+ in the YBCO lattice ([3,4]. These

results led to think about the possibility of textured grain growth

associated with the other alkali metals substitutions as well.

The reports on alkali metals substitution in YBCO compound
suggest that Li® occupies Cu2+ site [5], whereas Na' favours partia-
lly both Y3+ site and Ba2+ site [6-8]. As mentioned earlier, k' is

2
suitable for Ba ¥ site. These preferences of substitution of various

* This work has been partly published in:
Solid State Commun., 81, 253 (1992)
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ions can also be seen from an inspection of the ionic radii and co-ordi-

nation numbers of various cations given in Table 4.1. [9].

Table 4.1: Co-ordination mumber and ionic radii of
different alkali metals

Co-ordination Ionic radius (R]
number
cu?* > Ba2* Lit Na® k'
4 0.57 0.59
8 1.019 1.15 1.51
10 1.52 1.29 1.59

From .the above discussion it is clear that alkali metals, Li,
Na and K can be substituted for various cations in YBCO and K substi-
tution enhances the grain growth along ab-plane. Therefore it is of
interest to study the effect of alkali metal substitution on the

textured grain growth of YBCO.

In the previous chapter it has been found that the processing
temperature and Po2 have a significant role in controlling the textured
grain growth in YBCO at the calcination stage. In this chapter a
similar study on the textured grain growth in YBCO by alkali metal

substitution is desribed.
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1.2 EXPERIMENTAL

Considering the substitutional site preferences of Li, Na and
K in YBCO, samples having compositions YlBaZCU3—xL1xO7-b .

Yl-aBaz-bNax=a+bcu307—6 (where a 1is 35% and b is 65% of x) and

YlBaz_xKXCu307_b (where x = 0-0.2) were prepared as follows. Stoi-

chiometric amounts of YZOS‘ BaCOa. CuO and the carbonates or nitrates
of alkali metals were well mixed in an agate mortar in acetone medium.
The mixed powder was loosely pressed into pellets and heated in a
closed platinum crucible so that the loss of volatile alkali metals is
a minimum, The soaking was done at 920 + 5°C for 12 hrs and after
that the samples were furnace cooled. Textured grain growth of these

samples were studied by x-ray and SEM. Tc of the sintered samples

were measured by standard four probe method using an APD cryostat.

4.3 RESULTS AND DISCUSSION

Fig. 4.1 shows the typical XRD patterns of the pure and

substituted samples. Fig. 4.2 shows SEM photographs of the different

samples. Fig. 4.3 shows the plot of grain size vs substituent concen-
tration. Table 4.2 gives the orientation index and Tc(O) of the
samples.

From the figures and table 4.2 it is clear that the grain
growth along a-b plane enhanced singificantly by the substitution of
Li, Na and K. Textured grain growth is maximum for Li substitution
followed by Na and K for the same substituent concentration. In all

cases, with the increase in substituent concentration, textured grain
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Fig. 4.1: Typical XRD patterns of pure and alkali metals
substituted samples
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Fig. 4.2(a): SEM fractographs of the Lig ,,
substituted YBCO samples
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substituted YBCO samples - . -1
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substituted YBCO samples
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Fig. 4.2(d): SEM fractograph of the pure YBCO
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Fig. 4.3: Plot of grain size vs substitueni concentration
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Table 4.2: Orientation index and Tc(O) of the alkali substituted

and pure YBCO samples processed at 920 + 5°¢C

Stoichiometry of Orientation index Tc(O)
the substituent (L.../L...)

005" 113 (K)
Lig 201 77.1
Nag .2 7 ”
Ko.z | 7 86
Li0_1 27 78 .05
Nao_1 7 84
Ko.1 49 *
Ll 05 23 ”
Nag o | 1.25 - 84
Ko.05 i w

Pure YBCO processed
at 915 + 5°C 1 92
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growth is also found to be increased within the range of substituent
concentration studied. When substituent concentration was raised

beyond x=0.2, it was difficult to get single phase material.

Li-substitution severely affects TC(O] whereas the effect
of Na and K are less pronounced. Except in Li-substituted samples,
there is no change in Tc(O) when the dopant concentration varies from

0.05 to 0.2.

Eventhough Rb and Cs were also tried as substituents for Ba,
no significant textured grain growth was observed under the experi-

mental conditions described above.
4.4 CONCLUSION

Textured grain growth of Li, Na and K substituted YBCO
samples processed at 920 + 5°C in air has been studied. Textured
grain growth is maximum for Li substitution followed by Na and K
for the same substituent concentration. In all the cases, with the
increase in substituent concentration, textured grain growth is also
found to be ‘increased. Li substitution severely affects Tc[O] whereas

the effect of Na and K are less pronounced.
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CHAPTER 5

MECHANISM FOR ENHANCED TEXTURED GRAIN GROWTH
UNDER DIFFERENT OXYGEN PARTIAL PRESSURES,
TEMPERATURES AND SUBSTITUTIONS *

5.1 INTRODUCTION

This chapter describes the model that has been forwarded to
explain the enhanced platy growth of YBCO which occurs at low oxygen

partial pressure, higher processing temperature and by substitution.

As has already been described in chapter 3 and 4, the textured
grain growth in YBCO depends on the temperature of processing, proce-

ssing period, Po2 and the nature and level of substituents incorporated .

It is well known [1] that solid state reactions which proceed
through diffusion of ionic species along the reaction product layer is
influenced to a great extent by parameters which affect diffusional chara-
cteristics of ions. Some of the parameters which influence diffusion

of atoms in crystalline oxides are:

a. Whether the diffusion process is controlled by cationic/
anionic vacancy mechanism or interstitialcy mechanism at

the chosen processing parameters.

b. Whether it is the thermal or impurity effects that dictate

the vacancy/interstitial defect concentration in the material.

#* This work has been partly published in:
Solid State Commun., 81, 253 (1992).
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The diffusing species which control the reaction rate are the most

rapidly moving ions, or ions plus electrons, capable of arriving at

a phase-boundary interface.

The general trends observed in platy grain growth of YBCO

as described already in the earlier chapters are

a. The grains grow larger as the Po2

is decreased
b. The alkali metal (Li, Na and K) substitution for wvarious

cations increases the grain size to various extents.

A simple model has been proposed in explaining these obser-

vations which is described below.

YBCO is a non-stoichiometric oxide with oxygen stoichiometry
varying from 6 to 7. The ideal orthorhombic structure of YBCO is
shown in Fig. 5.1. Neutron diffraction experiments on YBCQO having
different oxygen contents, have shown that the chain site oxygen [0(1)]
becomes mobile above around 450°C and if the temperature is raised,
these sitszs become more and more vacant [2]._ Eventually, at tempera-
tures above 7000(:; structural transition from orthorhombic to tetragonal
phase occurs. Creation of a few number of vacancies associated with
heating was also observed at the apical oxygen site 0(4) [2]. The
(1/2, 0, 0) sites 0(5) are usually vacant, even though very small
number of occupancies are observed especially when substitutions are

effected. - The 0(2) and 0(3) sites in the CuO planes are found to

2
be fully occupied in general and only above 900°C they become mobile{2] .
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- D= Cu(1)

0(5)

Fig. 5.1: Typical structure of YBazCu307
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5.2 DESCRIPTION OF THE MODEL

5.2.1 Effect of Po2 on textured grain growth

As YBCO is a nonstoichiometric oxide, the parameters contro-
1ling the oxygen stoichiometry of the system will affect the ionic
transport which depend on the oxygen vacancy concentration in the YBCO
lattice. Since the grain growth depends on the ionic mobility, changes
in oxygen vacancy concentration can affect the grain growth also. When

the processing of YBCO is done at a low Po the ab-plane will have

2 1]
a large number of vacant oxygen sites which facilitates easy mass trans-

port and hence an increased textured grain growth.
5.2.2 Effect of alkali metal substitutions on textured grain growth

The enhanced textured grain growth resulting from the substi-
tution of comparatively low amounts of alkali metals for various cations
in YBCO can also be accounted by the accelerated mass transport ensuing
the generation of vacant oxygen sites in the lattice. When monovalent

. \ + 3+ 2+ +
Li replaces divalent Cu, Na replaces both Y and Ba and K

2+ v . . .
replaces Ba y Oxygen vacancies are generated in the lattice to

maintain the charge neutrality intact.

The corresponding defect relationships can be expressed using

the Krdger-Vink notations [3,4] as follows:
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cu't o+ 17207 —— L+ V_(1) (1)
Cu 0
Y’ . o7 — Na,; + V(1)

(2)
+4

Ba & + 1/2 0 @ — Na;a v vy (2)

Ba T o+ 1/2 0 —— K;a £V (2) (3)
where Vo(l) - oxygen vacancies at 0(3) or 0(2) sites of the
Cqu planes
VO(Z) - oxygen vacancies at 0O(1)}, O(4) or O(5) sites

The observed difference in degree of textured grain growth
of the diffferent alkali metals substituted samples under the same heat
treatment schedule and substituent concentration may be due to the
difference in overall vacancy formation. The importance of
the site preferential vacancy creation given in equations 1,
2 and 3 can be understood, if one remembers that 0(1), 0(4)
and O(5) sites are easily vulnerable to thermal effects compared to
0(2) or 0O(3) sites of Cqu layers. Thus in the case of K substituted
samples, existence of thermally generated vacancies at 0O(1l), 0(4) or
O(5) sites restricts the creation of additional vacancies at these sites

by substitution. But in the case of Li and Na substituted samples

chemically induced vacancies add to the thermally generated ones.
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Since Na® can replace both Y3+ sites and Baz+ sites, the chemically
induced vacancies along the CuO2 planes [VO (1)] is less in number in
Na substituted samples compared to that of Li substituted samples under
the identical heat treatment schedule and substituent concentration.
Thus under identical experimental conditions, the oxygen vacancy concen-
tration will be maximum in Li substitution followed by Na and K. Theretore

degree of textured grain growth also will be in the same order.
5.3 EXPERIMENTAL

As has already been emphasized, the enhanced textured grain
growth - whether due to a decrease in Po2 or by substitution effects -
is assumed as resulting from the increased oxygen vacancy concentration
in YBCO. Thus it becomes a necessity to study the oxygen stoichiometry
of the samples at the processing temperature in deciding the extent
of wvalidity of assumptions involved in the explanation for grain growth

as detailed -above.
5.3.1 Powder preparation

Carbonates, nitrates or oxides of Y, Ba, Cu and alkali metals

were mixed in the appropriate molar ratioc so as to get stoichiometries

i . 0 K Cu,0O
\{1BaZCu3_)\{L1XO7_‘S Yl-aBaz-bNax=a+bcu3 75 and YlBaz_x % u3 7.3
(where x = 0-0.2). The mixed precursors were heated at 920 + SOC
for 12 hrs in air. The samples were then gquenched from this

temperature to liquid nitrogen temperature.
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5.3.2 TGA

10-12 mg of the quenched powders were used for TGA in

oxygen flow at a heating rate of 10°C/min.
5.3.3 Isothermal experiments

About 1 gm of the powders prepared by quenching were weighed
accurately using an electronic balance (Mettler AE 240). These powders
were then put in the furnace and heated to 4300C and kept at this
temperature for 12 hrs. This temperature was chosen because the TGA
experiments showed that oxygen absorption is fairly well and the
oxygen desorption is fairly low at this temperature in all the cases
(see section 5.4.1). The Po2 inside the furnace was kept at 40% in
all the cases to facilitate easier oxygen intake. After the oxygenation,

the samples were weighed again and the wt} increase were calculated.

5.3.4 Iodometry

About 25 mg of powder after the isothermal oxygenation descri-
bed above was taken for the determination of oxygen stoichiometry by
iodometric analysis as described in chapter 2. The oxygen content
of the material has been calculated as the average value obtained from
6 trials. The standard deviation has also been calculated in all the
cases. From these values and the values of wt% changes obtained from
the 1isothermal experiments, the oxygen content 1in the quenched

materials were determined.
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5.4 RESULTS AND DISCUSSION
5.4.1 TGA

The use of TG-curves in the present investigation was two fold.
First of all, these curves were useful in suggesting the qualitative
variation in the oxygen absorption trends of different samples. Thus
a rough estimate of the temperature, at which the rate of absorption
is maximum, could be determined for all iii. samples used in the experi-
ment . (The TG=-curves given i.n Fig. 5.2 clearly shows the differences
in the oxygn absorption tendercies of two such samples). These
estimates were helpful in deciding. the temperatures for the isothermal
experiments so that the samples are oxygenated to the maximum. The
temperature range 420-43000 has been found to be suitable for oxygena-
tion of all the samples since the desorption of oxygen due to thermal

effects were very small in this range.

The other purpose of using the TG-curves was in estimating
the activation energy for oxygen absorption of different samples. A

first order kinetic equation has been formulated for the reaction

06 + 0 = 07 and Arrhenius type rate constants have Dbeen

assumed. Thus the rate equation, in terms of moles of the reacting

species, reads as

-E, /KT -E_/KkT

dy(t) . 1 2
dt =P e (N -yt -, e y(t)

where, y(t) = moles of YBCO whichis not yet oxygenated at time t,
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N0 = moles of YBCO present initially,
v . = constants,
El' E2 = activation energies corresponding to oxygen absorption

and desorption respectively.

The first term contains parameters related to the oxygen absorption

while the second, of the desorption.

This equation was converted so that wt% changes and tempera-
tures (rather than moles of substances and times) were incorporated
and on integration, the relation connecting wt% change and temperature
was oObtained just as in a TG-curve. This equation was then Tfitted
with the experimental TG-curves by keeping '{Vl and E as free para-

1
meters.

To fix the wvalues of E2 and '("2 . Ppublished reports on
oxygen desorption studies in YBCO were looked into. There have been
many reports [5,6] and the work reported by H.S. Strauven et al [5]
describes the oxygen evolution trends in YBCO upto 10000C. Of

the 5 desorption maxima observed in the entire range of temperatures,
the one at the lecst temperature occurs at around BSOOC with activation

energy = lev. Thus the desorption parameters in the present calcu-

. \ 5
lation were fixed as E, = lev ancl‘["2 = 10 /s.

A typical TG-curve and the corresponding calculated curve are
given in Fig. 5.3. The calculated activation energy parameters for

oxygen absorption of Li, Na and K  substituted samples with substituent
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Fig. 5.3: Typical TG-curve and corresponding calculated curve
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stoichiometry 0.1 along with that of undoped YBCO are given in Table 5.1.

Table 5.1: Activation energies of oxygen absorption

Sample Activation Energy (eV)
Pure YBCO 1.42 + 0.03

LiO.l - YBCO 1.08 + 0.05

Nao.:l - YBCO 1.39 + 0.03

K0.1 - YBCO 1.31 + 0.03

5.4.2 Isothermal experiments

. . o
The results of isothermal experiments carried out at 430 C are

given in Table 5.2.

From the table it is evident that in general, the oxygen stoi-
chiometry in the alkali metal substituted YBCO at the processing tempe-
rature is less than that in the undoped YBCO. Fig. 5.4 shows the
plot of oxygen content of samples =&t 9200(‘. as the substituent stoichio-
metry varies from 0.05 to 0.2.‘ A dashed line corresponding to the
observed oxygen content of the undoped YBCO at 9200C also is shown
as a guide to the eyes. A systematic decrease in oxygen stoichiometry
at 920° C with the increase of substituent concentration is evident in

the case of Li and K substituted ‘samples, whereas an initial increase
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Table 5.2: Results of isothermal experiments done at 430°c

. . Oxygen con- Oxygen in-
Stoichiometry Fmgc}m(:;)trgen in::v::gase tent at 9200C ltlili(f éje?rl'
Pure YBCO 6.8338 (0.02) 1.27 6.3137 0.52
LiO.OS YBCO 6.9030 (0.01) 1.82 6.1636 0.6660
LiO.l YBCO 6.9282 (0.01) 1.92 6.1518 0.7764
Liy , YBCO  6.7647 (0.03) 1.642 6.1073 0.6574
Nao_05 YBCO 6.5686 (0.05) 1.746 5.8659 0.7029
Nao.1 YBCO 6.7912 (0.03) 1.914 6.0228 0.7684
Nao‘2 YBCO 6.5615 (0.05) 1.707 5.8874 0.6741
Ky os YBCO 6.6614 (0.04) 1.896 5.8986 0.7628
KO.l YBCO 6.565 (0.04) 1.78 '5.8551 0.7099
KO.Z YBCO 6.5222 (0.05) 1.696 5.8562 0.6660

(values in the brackets are the standard deviation)

is observed in the case of Na substitution. By taking the oxygen content
of the samples at the substituent stoichiometry of 0.05, the subsequent
depletion of oxygen has been calculated in all the cases using the
defect equations (1), (2) and (3). These calculated values along with
the correspondinz observed values of all the three substitutions are
plotted in Fig. 5.5. In the case of Li and K, the observed decrease
in oxygen stoichiometry matches very well with the prediction of the

model, i.e. release of one oxygen atom for every two alkali atoms
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substituted. But in the case of Na substitution, an initial deviation
from the calculated trends occurs. At the same time, if the wvalues
of initial oxygen content for the Na stoichiometry of 0.05 is exempted,
the rest of the observations fits remarkably with the curve calculated
on the assumption of Na substituting the Y site (Note the identical

slopes in the range 0.1-0.2 in Fig. S50 ).

Again from the table 5.2 it can be seen that the initial oxygen
content is less than even 6 in all the samples with Na or K substitu-
tion except in the case of Na stoichiometry '0.1' in contrast to the
values obtained in the case of samples with Li substitution. This may
be because the Na or K substitution may be destabilising the YBCO struc-
ture to a greater extent so that at the processing temperature, the
thermally created oxygen vacancies are much more compared to that
in the Li substituted sample. If this is true, then it is evident that
even if oxygen vacancy concentration in the material is high so that
ionic diffusion processes are promoted, significant grain growth may
not result due to the decrease in the coherence among the unit cells.
In this connection, it should also be noted that in spite of low oxygen
stoichiometries observed in Na and K substituted samples, the platy

grain growth is maximum for Li substitution.

Thus the determination of the oxygen contents of the materials
has proved beyond doubt that the alkali metal substituion increases
the oxygen vacancy concentration in YBCO thus partially agreeing with

the model proposed. At the same time, it has become clear that platy
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grain growth is controlled not only by the oxygen vacancies but also

by properties 1like the structural stability etc. of the substituted

sample.

Another important result that has been obtained is the evidence
for the increased oxygen absorption rate in alkali metal substituted
samples in comparison with that of undoped YBCO. From table 5.2
it can be seen that in spite of the identical times and other parameters
used in, the oxygenation process, the amount of oxygen intakes is more
in alkali metal doped YBCO than the undoped YBCO. Fig. 5.6 in which
the number of oxygen atoms absorbed per unit cell is plotted against
the substituent concentration shows this clearly. This fact is also
perhaps reflected by the calculated activation energies of oxygen absorp-
tion, given in Table 5.1. The activation energies for oxygen absorption
is less for alkali metal substituted samples compared to that of undoped

YBCO. .
5.5 CONCLUSION

In this chapter a model for the textured grain growth in YBCO
has been proposed which is based on the oxygen vacancy creation under
different experimental conditions. When the processing of YBCO is done
at a low Poz. the ab-plane will have a large number of vacant oxygen
sites which facilitates easy mass transport and hence an increased
textured grain growth. Similarly the enhanced textured grain growth
resulting from the substitution of comparatively low amounts of alkali

metals for wvarious cations in YBCO can also be accounted by the
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accelerated mass transport resulting from the generation of vacant oxygen

sites.

In order to check the extent of 'validity of the proposed
mechanism for textured grain growfh in YBCO, oxygen stoichiometries
of different samples at processing temperature were determined with
the help of different thermal analyses and iodometry. The calculation
of the same, using the propnosed modei shows that in the case of
Li and K substituted samples, the observed values match very well
with the prediction of the model, i.e. release of one oxygen atom for
every two alkali atoms substituted. In the case of Na substitution the
fit was very well except for the deviation for the Na stoichiometry

G.05.

Moreover it was observed that in the case of Li substituted
samples, oxygen vacancy concentration is the main factor influencing
the platy gram growth whereas in Na and K substituted samples, proper-

ties like structural stability etc. also may have to be considered.

Another important result that was obtained from this study is
the evidence for increased oxygen absorption rate in alkali metal substi-

tuted samples in comparison with that of undoped YBCO.
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CHAPTER 6

PREPARATION AND CHARACTERISATION OF SINTERED TEXTURED
BULK YBCO BY COLD PRESSING AND HEAT TREATMENT *

6.1 INTRODUCTION

As mentioned in chapter 3 it is widely recognised that the
critical current density achieved in routinely processed polycrysta-
lline YBCO are several orders of magnitude lower than what can be
achieved in single crystals or thin films of the material [1-4}. The
anisotropy of JC in single crystals of YBCO and the achievement of
_ higher JC in oriented thin films ({5-9] indicate that crystallographic
alignment of grains, also called texture may be necessary to raise
‘]c to commercially useful levels in bulk polycrystalline materials.
As described in chapter 3, several means have been reported for intro-

ducing grain alignment in bulk at the various stages of processing [10-18].

In chapters 3 and 4 we have seen the growth characteristics
of plételet grains of YBCO having groﬁth along ab-plane under diffe-
rent Poz, temberature and alkali metal substitution at the calcination
stage. In this chapter, the effect of uniaxial cold pressing and sinte-
ring of these platelet grains on the intergranular orientation and corres-
ponding .JC is described. The factors influencing the degree of orien-
tation have been investigated and JC of the samples was correlated

with the microstructure.

*This work has been partly published in:
Solid State Commun., 71, 287 (1989)
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6.2 EXPERIMENTAL

Platelet grains of YBCO having average sizes ¢ 15 pm, £ 30 pm
and >30 Pm were synthesized by controlling the Pc:2 , temperature
and soaking period. Then the powders were sieved so that 3 batches
of powders S1, 52 and S3 were prepared with average grain sizes,
less than 15 pm, between 15 pm and 30 pm and greater than 30 pm
respectively. For the purpose of comparison, a batch of powder S4
of nearly spherical (size & 5§ Pm) is also included in the study.
In order to complete the oxygenation of these powders, they were
annealed at 4500(3 in the flow of oxygen for a period required by
each sample for attaining an oxygen content more than 6.9 as evidencedby
iodometric analysis described in chapter 2. A typical SEM photograph

of the platy grains is shown in Fig. 6.1.

About 0.7 gms of these powders were filled in a rectangular
die having Idimensions of 20 mm x 4 mm x 5 mm and uniaxially pressed
by applying pressures in the range 50-500 MPa for 5 minutes. X-ray
diffraction was perfc;rmed on the pressed surface of the sample which
is perpendicular to the axis of compression. These samples were
sintered at 9500C in oxygen flow for 6-36 hrs. The sintered samples
were oxygenated at 45000 for sufficient time. The ratio of the inten-
sitiies of (005) and (113) reflections determined from XRD patterns
was taken as the index for the measure of orientation introduced by
pressure and heat treatment on the platy grains. .]C of these samples
at 77 K were measured by D.C. transport method using 1 er/cm cri-

terion. Microstructure of the samples was analysed by SEM,
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Fig. 6.1: Typical SEM photograph of the platy grains
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6.3 RESULTS AND DISCUSSION
6.3.1 Effect of cold pressing

A typical SEM photograph (Fig. 6.2) of the pressed surface
of the samples shows that the simple cold pressing introduces consi-
derable orientation of platy grains. The degree of orientation was

found to depend on the applied pressure as well as the grain size.

Fig. 6.3 shows the plot of orientation index of pressed surface

vs applied pressure of samples of different grain sizes.

From the Fig. it is clear that in the case of S1, S§2 and S3
batches as the pressure increases the orientation index also increases.
But after a certain pressure, the grain orientation was found to be
saturated. For a constanf pressure, the orientation of grains is more
for sample with larger grains. In the case of powder from S2 batch,
there is a ' steep increase in the orientation for pressure in the range
150-200 MPa. For S4 batch sample, there is no orientation by cold

pressing. Its orientation index was found to be unity.

The variation of orientation index at different depths from
the pressed surface of powder from S2 batch is shown in Fig. 6.4.
It is clearly seen that below 100 pm depth, there is no significant
orientation induced by the application of pressure. ‘Similar results
obtained for powder from other batches as well indicate that in the
uniaxial pressing set-up used in the present experiment, grain orien-
tation can be introduced only over a thin layer of around 100 er

of the sample surface.
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photograph of the pressed

surface of the sample

Fig. 6.2: Typical SEM
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6.3.2 Effect of heat treatment

Fig. 6.5 shows the typical XRD patterns of the pressed
surface of as-pressed, 6 hrs sintered and 36 hrs sintered sample.
Table 6.1 gives orientation index of the sintered sample made from

the batch 52 powder using a pressure of 200 MPa.

Table 6.1: Orientation index of the cold pressed and
sintered samples made from the
batch S2 of powder

Sample Orientation Index
as-pressed 220
6 hrs sintered 16
36 hrs sintered 78

From the XRD patterns and Table it is clear that sintering
for a period of 6 hrs reduces the grain alignment. But as the
sintering time increased to 36 hrs, the grain alignment is found to
be increased. In the case of other samples also, the decrease of
grain alignment has been observed for the initial periods of sintering
and with the increase of period of sintering, the grain alignment was

found to be increasing.
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In contrast to the drastic decrease of grain alignment with
depth in the case of as-pressed samples (Fig. 6.2), in the case of
sintered samples, a deeper penetration of alignment into the interior
of the sample was observed (Fig. 6.6), which increased with

increasing sintering time.
6.3.3 Critical current density and microstructure

Table 6.2 gives Jc of samples sintered for 36 hrs at 950° C
in oxygen flow. The samples were prepared from all the 4 batches

51, S2, S3 and S4 of powder, pressing at a pressure of 200 MPa.

Table 6.2: Jc of the sintered samples made from
different batches of powder

Batch 3, (A/en’)
51 56
S2 174
S3 110
54 32

From the table it is clear that the sample. made from the

batch 52 shows higher JC compared to others.

SEM fractographs taken near the edge of the pressed surface
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of the sintered samples made from the batches S$2 and S4 are shown
in Fig. 6.7. About five fold increase in JC in sample made from
batch S2 compared to S4 can be explained only by taking account of

the grain alignment as observed from the SEM fractograph.

It should be remarked that compared to the JC of 4200 A/cm2
reported by X.G. Zheng et al [10], the JC obtained in the present
work is much less. The reason for this discrepancy may be the diffe-
rence in the alignment techniques adopted. In the present work, the
uniaxial compaction is found to induce alignment over a thin layer
of the bulk only while the vibrational alignment and subsequent cold
pressing method used in the work by X.G. Zheng succeeded in

imparting grain alignment throughout the volume of the sample pressed.

6.3.4 Effect of cold pressing and heat treatment on the J_ of alkali

metals substituted YBCO ¢

In chapter 4, 1t was seen that the alkali metal substitution
can induce platy growth of YBCO grains along a-b plane. Thus cold
pressing can be applied in these grains also to see the effect of align-
ment and the heat treatment on the Jc' with this objective in mind,
the grain size in the range 15-30 pm  was synthesized as described
in chapter 4 because in the case of undoped YBCO, as described
above, the pressure induced alignment and subsequent heat treatment
had more significant effect on Jc in this range of grain size. These
grains were also subjected to a study similar to that has already been
described in the case of undoped YBCO. The only difference was that

in the case of alkali metal substituted samples, the heat treatment
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54

Fig. 6.7: SEM photographs taken near the edge of the
pressed surface of the sintered samples
prepared from the batches S2 and S4
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was done at a temperature of QSOOC.

In this case also, the simple cold pressing was found to
align the grains on a thin layer below the pressed surface and the
depth profiles of alignment were similar to what was observed for

undoped YBCO powders.

Table 6.3 gives the Jc values of alkali metal substituted

YBCO samples pressed at 200 MPa and sintered for 36 hrs.

Table 6.3: J c values of alkali metal substituted YBCO samples

Sample L (A/sz )
Li-substituted 0.05
Na-substituted 17
K-substituted 30

From the Table it is clear that JC values of the alkali metal
substituted samples are not improved eventhough there is alignment
of grains along ab-planes by cold pressing and heat treatment. In
the case of Li and Na substituted samples Jc is much less than that
of the undoped YBCO having no alignment (Batch S4 of Table 6.2).

But in the case of K-substituted sample it is comparable.
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G.4 CONCLUSION

Effect of cold pressing and heat treatment on the alignment
of platy grains of YBCO of different grain sizes synthesized by contro-
1ling Poz. temp.erature and alkali metal substitution have been studied.
Cold pressing was found to align the grains on a thin layer below
the pressed surface. The degree of grain-alignment was found to

depend on both the pressure applied as well as the grain size.

Alignment of grains in the pressed sample was found to be
decreased by short periods of sintering while for longer periods it
increased. Longer periods of sintering was also found to impart
deeper penetration of grain alignment into the interior of the samples.
The JC of samples prepared by pressing platy grains of undoped
YBCO was found to be higher than that of those prepared from grains
of nearly spherical shape. Also the JC of the sample prepared from
grains of size between 15 pm and 30 Fm was found to be higher

than the other samples included in this study.

The effect of cold pressing and heat treatment on the grain
alignment in alkali metal substituted samples was similar to that of
the undoped YBCO. Despite this, the JC of substituted samples was

found to be very low compared to that of undoped YBCO.
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CHAPTER 7

SYNTHESIS OF PHASE PURE Y1B"2C“3°7-5 BY DYNAMIC VACUUM

CALCINATION AND ITS CHARACTERISATION

7.1 INTRODUCTION

High temperature. ceramic superconductors are normally
prepared by solid state reaction of oxides, carbonates, nitrates etc.
[1-3].  For the synthesis of Y, Ba, Cuy 0, , . the mixed precursors
are calcined at a temperature 900—9500C for 20-50 hrs. Intermittent
grinding ‘is also necessary to obtain relatively phase pure and homoge-
neous YBCO powders. The high temperatures used in the conventional
methods can induce formation of liquids and nonsuperconducting phases
such as Yz BaCuOg and BaCqu [1]. The presence of these nonsuper-
conducting phases especially at the grain boundaries lowers the critical
current density. In addition to the production of undesirable phases,
the conventional processes are time consuming and result in coarse

particles.

1f BaCO3 is used during calcination of YBCO precursors, simul-

taneous decomposition of BaCO to BaO and reaction among the three

3
constituents (Y2 03 ., Ba0 and CuO) forms the desired perovskite phase.

The reaction can be written as follows:

BBaC03 + 2Y203 + 12 Cul0 ——>» 4YBaZCU307-é + BCO2
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However the presence of CO in the processing environment

2
can induce the undesirable back reaction with YBCO to form BaCOa.
Yz 3 Cu0 and YZCUZOS depending on temperature [4,5].
The reaction at 8150 C, in the presence of CO2 ., can be

written as follows [6].

1
_ZYBaZC0307_6 + 4C02—§ tlBaCO3 + YZCUZOS + 4Cu0 + 2 (1-24 )O2
Therefore synthesis of phase pure material which gives higher

JC by the conventional method of preparation is very difficult.

In chapter 3, describing the study of textured grain growth
at different Po2 and temperatures, we have seen that by the lowering
of sz. the processing temperature ‘of YBCO phase formation can be
reduced to a large extent. Similarly if the CO2 level in the proce-

ssing environment can be decreased, by pumping out the CO, evolved,

2
the decomposition of YBCO through the back reaction mentioned above

can also be avoided.

The synthesis route reported by U. Balachandran et al [7]
ingeniously incorporates the above two considerations, in which phase
pure YBCO powders have been synthesized by calcining the precursors

at BOOOC in flowing O2 at reduced pressure.

In the course of present investigation, an experimental set-
up has been designed and fabricated for the synthesis of phase pure

YBCO powder along the lines described in the the above work [7]. The
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characterisation of YBCO powders synthesized by using the set-up

mentioned above was done.
7.2 EXPERIMENTAL
7.2.1 Experimental set-up

The experimental set-up fabricated for the present work is
shown in Fig. 7.1. It consists of mainly a tubular furnace having
provisions for applying vacuum and to pass oxygen. The pressure
inside the furnace can be controlled by operating needle valves and
it can be monitored through a vacuum gauge. The flow of oxygen can
be controlled with the help of a flow meter, compound gauge and

needle wvalve.
7.2.2 Processing of YBCO by dynamic vacuum calcination

Mixed precursors, weighing about 6 gms, were put inside the
furnace Iin a platinum boat. The pressure inside the furnace was
reduced to 5-10 mm of Hg by working the vacuum pump and a flow
of oxygen at the rate of 0.1 litres/minute was given and this was
maintaired during the entire soaking period. A low rate of heating
[150C/hr‘) was given in the range 6800C—8()OOC. A soaking period of
5 hrs and a temperature of BOOOC was used during the processing.
While cooling, the vacuum was discontinued and ambient-pressure 02 was
passed. To promote the oxygenation of the resulting powder, a 4 hr

hold at 450°C was incorporated into the cooling schedule.

The flow rate of oxygen and heating rate are to be adjusted
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Fig. 7.1: Experimental set up for vacuum calcination
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depending on the amount of samples being synthesized. Experimental
parameters for the synthesis of upto 100 gm of phase pure YBCO in

a single step dynamic vacuum calcination have been standardised.

The phase purity of the samples were studied by XRD, DTA

and TGA.
7.3 RESULTS AND DISCUSSION

Fig. 7.2 shows the XRD patterns taken at extended scale of
YBCO powders synthesized by vacuum calcination and conventional

method.

The values of 28 corresponding to two major peaks of common

impurity phases,in YBCO compound are given in Table 7.1.

Table 7.1: 20 values corresponding to two major peaks of
common impurity phases in YBCO compound

Compound 2e
BaCqu 29.282 28.44
YzBaCUOS 29.8 30.5
BaZYZOS 30.3 28.8
BaY204 29.6 29.4
Ba4‘1207 30.1 29.1
BaSY409 29.2 30.1
Cu,Y O | 31.3 33.2

272758
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From the XRD patterns and the table it is clear that the

vacuum calcined powder is more pure than the conventional one.

The DT-curves shown in Fig. 7.3 were taken in air at a
heating rate of 150 C/min. The curve of conventionally processed
powder indicates endothermic peaks at higher temperatures which may
be due to the melting or reactions involving impurity phases present.
On the other hand, the curve corresponding to the wvacuum calcined

powder 1is comparatively featureless in the same temperature range.

TGA was carried out on the powders at a heating rate of
10O C/min, in air. The TG-curves (Fig. 7.4) of vacuum calcined and
conventionally synthesized powder are almost identical at all tempe-
rature ranges. But around 800°C onwards, the weight loss is more
rapid in conventionally synthesized powder. This may be indicative
of CO2 Iloss from the BaCO; still present in the sample at low levels
even though X-ray patterns do not indicate it. All the vacuum
calcined powders showed Tc(O] more than 90 K. After sintering,
they showed Jc 1050 A/c:m2 in self field and it was stable upto 20

2
ocersted whereas the conventicnal one showed JCN 120 A/cm only and

it drops drastically within 5 oersted field (Fig. 7.5}.

The particle size of the vacuum calcined powder was found
to be less than 5 um (Fig. 7.6) while that of conventionally proce-

ssed samples was more than 5 pm.
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SEM photograph of the vacuum calcined powder
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The XRD patterns of vacuum calcined and conventionally proce-

ssed powders kept in air for two years are shown in Fig. 7.7.

From the XRD patterns it is clear that vacuum calcined

powders are more stable to the atmospheric conditions.
7.4 CONCLUSION

Experimental set-up for the synthesis of phase pure YBCO
by dynamic vacuum calcination has been fabricated. Processing para-
meters for synthesis of phase pure YBCO powders upto 100 gms have

been standardised. The merits of vacuum calcination are,

a. Powder with higher purity

b. Less processing temperature and soaking period

C. Powder having less grain size

d. Sintered samples having higher JC and better stability
against magnetic field

e.. Powder is more stable to the atmospheric conditions
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conventionally processed powders
kept in air for two years
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VARIATION OF STRUCTURAL AND SUPERCONDUCTING PROPERTIES
WITH INITIAL STOICHIOMETRY VARIATION IN
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CHAPTER 8

VARIATION OF STRUCTURAL AND SUPERCONDUCTING PROPERTIES
WITH INITIAL STOICHIOMETRY VARIATION IN
(Bi,Pb)-Sr-Ca-Cu-0 BULK SUPERCONDUCTOR

8.1 INTRODUCTION

As menionted in the general introduction part, the two
important superconducting phases in  Bi-Sr-Ca-Cu-0 system are

BiZSrz 8+ 4 (2212) with TC~ 85 K and Blzsr'ZCaZCuaO10 (2223) with

a Tc ~ 110 K. It has been found from phase equilibria studies in

CaICuZO

the quaternary system Bi2 O3 -Sr0-Ca0-Cu0 (1) that 2212 phase is
thermodynamically stable over a wide temperature range and in the
presence of most of the compounds existing in this system. In
contrast, the 2223 phase 1is stable only over a narrow temperature
range andlexhibits phase equilibria with fewer compounds existing
in the system. Therefore the synthesis of pure 2223 phase is more
difficult than the synthesis of 2212 phase. At the same time, it has
been established that the partial substittution of Bi by Pb févours
the formation of 2223 phase (2). The structural and superconducting
properties of Pb doped Bi-based superconductor has been found to
depend both on initial stoichiometry and processing conditions {3-6].
Thus the study of the effect of initial stoichiometric variation and

processing conditions on the structural and superconducting properties

of this system is of much significance.
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In the present investigation (Bi,Pb)2 Sr'2 Ca2 Cus O10 samples
having different initial stoichiometries (variation in Bi, Pb, Sr, Ca
and Cu) were synthesized by conventional ceramic route in air and
changes in various structural and superconducting parameters such as
high Tc (2223 phase) fraction (HTf), low Tc (2212 phase) fraction

(LTf), impurity fraction (If), texturing of (00l) planes (T T

001 )+ Teqoy
AT, J_, JC(B) etc. of the samples with respect to the different
initial stoichiometries and soaking periods have been studied. Also

an attempt has been made to differentiate the major impurity phases

depending on whether they enhance the Jc or not.
8.2 EXPERIMENTAL

Samples having initial stoichiometries Bi Pb Sr,Ca.Cu O v

2-x 2273
i C . )
B11.6Pb0.4sr21x a2C1130y B11 6 b0 4SrZCaz Cusoy Bi Pb0 4Sr20a Cua_xoy
{where x = 0-0.6) were prepared as follows. Stoichiometric amounts

of Bi203. PbO, SrCO3 . CaCO3 and CuO (Aldrich, 99.9% pure) were

well mixed in an agate mortar and calcined at BOOOC in air for

12 hrs. These pellets were ground and bar shaped specimen having
dimensions 20 mm X 4 mm x 2 mm were prepared. These rods were
sintered in air at 855°C for 80 nrs. X-ray diffraction was performed

on Philips PW 1710 powder diffractometer using CuKe radiation under
identical conditions. Critical temperature of the samples was measured
by standard four probe DC technique wusing an APD cryostat. Direct
transport method was used to determine the critical current density

of the sample. _JC(B] characteristics was measured at the liquid
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nitrogen temperature by placing the sample axially at the centre of

an electromagnetic coil.

The HTf, LTf, If as well as T001 [hereafter these parameters
are referred as P.S. (phase and structural) parameters] were
determined from the XRD patterns of the samples. Each phase viz.
high Tc' low TC and major impurities [semiconducting (2& = 21.9% and
Ca2 PbO4 (20 = 17.80) compounds] have their own characteristic
x-ray reflections at different angles. Further from the XRD patterns
of the samples, it was found that two types of planes viz. (001) and
(111) grow preferentially during the processing period. Texturing

of (001) planes is desirable because of its increased capacity of

critical current density ([7].

From the XRD patterns some of the reflections were chosen

carefully such that they are not overlapped and have higher intensities

for the quantitative estimation of P.S. parameters. The P.S.
parameters have been defined as follows, where HTf + LTf + If = 1,
0 0
1002(4.7 )+IOO_1_O(23'9 )
HTf =
o} o, .* o, ¥ 0 o o
1002(4.7 )+1001_0-(23.9 )+1002(5.8 )+1008(23.2 ]+Iimp(17.8 )+1imp(21.9 )
o, ¥ o
1002(5.8 )+1008(23.2 )
LTf =
o o, ¥ o, .* 0 0 0
4. . . . . .
1002( 7 ]+100£(23 9 )+1002[5 8 )+1008(23 2 ]+Iimp(17 8 ]+Iimp(21 97
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0 0
Iimp(17.8 )+Iimp(21.9 )

If =
0 o, ¥ o, * 0 o 0
. . . 21.
1002(4-7 )+IOOE(23.9 )+1002(5 8 )+1008(23 2 )+_11mp(17 8 )+11mp( 97)
o o
1002(4.7 )+1001 (23.9)
T = _
001
o o o] ]
1002(4.7 )+10010[23.9 )+1115(26.2 )+1200(33.2 )

* .
{where I and I refers to the intensity of the peaks corresponding to

2223 and 2212 phase resp.and 1 the intensity of impurity peak). The

imp
above reflections are marked in the typical XRD pattern given in

Fig. 8.1.
8.3 RESULTS AND DISCUSSION

8.3.1 Effect of Pb doping

Samples having different (Bi,Pb) stoichiometric ratio have
been prepared and its various structural and superconducting proper-
ties were studied to select its better combination. The different P.S.

parameters, Tc‘ ATC and Jc of the samples after 120 + 80 hrs

of heat treatment are shown in Table 8.1.
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Fig.8.1: Typical XRD pattern of BPSCCO
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Table 8.1: Different P.S. parameters, Tc' ATc & Jc of the samples
having different (Bi, Pb) stoichiometric ratio, after
120 + 80 hrs of heat treatment

Bi:Pb HTf LTS 1f T001 Tc(O) ATC JC
(K) (K) (A/cmz)
1.9:1 0.6481 0.2969 0.055 0.3888 105 7 120
1.8:2 0.7655 0.1935 0.041 0.4551 107 S 162
1.7:3 0.90 0.065 0.035 0.5663 109 4 223
1.6:4 0.92 0.06 0.020 0.75 109 4 252
1.5:5 0.741 0.211 0.048 0.542 107 6 148
1.4:6 0.621 0.34 0.65 0.3443 104 8 105

From the table, (Bi, Pb) stoichiometric ratioc 1.6:0.4 is found
to give better P.S. parameters and superconducting properties. There-
fore in all of our next batch of experiments of varying Sr, Ca and

Cu stoichiometries the (Bi, Pb) molar ratio was kept as 1.6:0.4.
8.3.2 Effect of Sr, Ca and Cu variations

Figures 8.2 and 8.3 show the variation of HT{, If, TOOI .

T , ATC and JC of the 120 + 80 hrs heat treated samples with

X. From the figures it can be seen that, samples having following
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initial stoichiometries are showing better properties, i.e. highest Tc

lower 'ATC and higher JC

1. Bi1 6 0 4 Ty BcaZCUSOy (sample 1)

2. Bi 6 0 4‘.E‘»I'ZCa2 2C 3Oy (sample 2)

3. Bl prO 4Sr2CazCu30y (sample 3)

In order to study the combined effect of stoichiometries of
i i P 0
samples 1, 2 and 3, sample of stoichiometry Bi, ¢ bOASr'.LBCaZ.zCu3 y
was prepared and its P.S. parameters, T, ATC and JC were deter-
mined. Table 8.2 shows the P.S. parameters, Tc' ATC and JC of

this sample.

Table 8.2: P.S. parameters, Tc' AT & J of the sample having

initial stoichiometry Bi 1. 6Pb0 4S 1. 8(: 2. 2Cu:_.joy

Stoichiometry HT1 LTt If TOOl C(U] AT Jc

(K} (K] (A/cm )

B11.6Pb0.48r1.8Caz.2Cu30y 0.854 0.112 0.034 0.74 108 6 215

None of the values given in Table 8.2 is better than that of samples 1,

2 or 3.
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8.3.3 Effect of impurity phases on Jc

Among the samples 1, 2 and 3, in the case of sample 2, there
is a sharp increase in JC(Fig. 8.3a) . But there is no significant
increase in the texturing of (001) planes (Fig. 8.3c) or HTf (Fig.8.2a)

in sample 2 compared to samples 1 and 3.

The impurity phases which has been wused in our definition
of If are the CaszO4 and the semiconducting phase [8]. The depen-
dence of JC on this factor can be seen by comparing the JC values
(Fig. 8.3a) with the If (Fig. 8.3b). The general trend is a decrea-
sing JC and an increasing If, as we go away from the 2223 stoichio-
metrié initial composition. But the abrupt increase and fall of JC as

we go along the excess Ca regime is worthy of mention. A closer look

at the XRD patterns taken(Fig.8.4)at a higher scale factor for excess

. 0
Ca stoichiometries revealed the presence of Ca2 CuO3 (2 = 36.7)
as an additional phase for all these compositions. Also the amount
of this phase is found to increase as Ca content increases. The SEM

photograph (Fig. 8.53) of this sample taken at a magnification of 6000
shows distribution of fine precipitates (which otherwise 1is absent
in other compositions) in the superconducting matrix. These preci-

pitates may be Ca2 Can. There is report that CaZCuO can act as

3
flux pinning centres [9]. Also, JC[B) characteristics of the samples 1,

2 and 3 (Fig. 8.6) shows that sample 2 has an improved magnetic

performance as well. Therefore the increase in JC in Ca stoichio-

2.2
metric samples may be due to the flux pinning action of finely distri-

buted CazCuo3 present.
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Fig. 8.5: SEM fractograph of the sample having
Ca-stoichiometry 2.2
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initial stoichiometries are showing better properties, i.e. highest T

lower 'ATC and higher ‘]c

1. Bi 1 B O 4 1 BCaZCuaOy (sample 1)

2. 1 B 0 4Sr2Ca2 2 3 v ('sample 2)

3. B11 BP 0. 4SrZCa2Cu30y (sample 3)

In order to study the combined effect of stoichiometries of

samples 1, 2 and 3, sample of stoichiometry B11_6Pb0 45 1. BC 2. 2Cuaoy

was prepared and its P.S. parameters, TC. ATC and JC were deter-

mined. Table 8.2 shows the P.S. parameters, Tc. ATC and JC of

this sample.

Table 8.2: P.S5. parameters, Tc' AT & J of the sample having

initial stoichiometry Bi 1. 6 0 4 T, 8C 2. 2Cua(.)y

HTf LTf 1f T ooy AT, 9

Stoichiometry 001 c .

(K) [K) (A/cm®)

B‘1.spb0.4sr1.acaz.zc“30y 0.854 0.112 0.034 0.74 108 6 215

None of the values given in Table 8.2 is better than that of samples 1,

2 or 3.
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8.3.3 Effect of impurity phases on Jc

Among the samples 1, 2 and 3, in the case of sample 2, there
is a sharp increase in JC[Fig. 8.3a) . But there is no significant
increase in the texturing of (001) planes (Fig. 8.3c) or HTf (Fig.8.2a)

in sample 2 compared to samples 1 and 3.

The impurity phases which has been used in our definition
of If are the Casz04 and the semiconducting phase [8)]. The depen-
dence of JC on this factor can be seen by comparing the JC values
(Fig. 8.3a) with the If (Fig. 8.3b). The general trend is a decrea-
sing JC and an increasing If, as we go away from the 2223 stoichio-
metrié initial composition. But the abrupt increase and fall of Jc as
we go along the excess Ca regime is worthy of mention. A ‘closer look

at the XRD patterns taken{¥ig.8.4)at a higher scale factor for excess

0
Ca stoichiometries revealed the presence of CaZCuO3 (28 = 36.7)
as an additional phase for all these compositions. Also the amount
of this phase is found to increase as Ca content increases. The SEM

photograph (Fig. 8.5) of this sample taken at a magnification of 6000
shows distribution of fine precipitates (which otherwise is absent
in other compositions) in the superconducting matrix. These preci-
pitates may be Ca2 CuO3 . There is report that Ca2 |

flux pinning centres [9]. Also, JC(B) characteristics of the samples 1,

CuO3 can act as

2 and 3 (Fig. 8.6) shows that sample 2 has an improved magnetic

performance as well. Therefore the increase in ‘]c in Ca stoichio-

2.2
metric samples may be due to the flux pinning action of finely distri-

buted CaZCuo present.

3
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Fig. 8.5: SEM f{ractograph of the sample having
Ca-stoichiometry 2.2
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But the increase in the amount of Ca2 CuO3 in samples with
Ca stoichiometries more than 2.2 does not seem to increase Jc. This

may be due to the following reasons:

a. The amount of CaZCu03 present in these samples may be higher

than that is required for the flux pinning action and hence

it acting as an impurity phase just like other impurity phases.

b. From the Fig. 8.3b we see that the impurity level is signifi-

cantly higher in samples with Ca stoichiometry higher than

2.2.
8.3.4 Best initial stoichiometry

From the studies, it is found that Bi Sr Ca Cu_.0 is

1.6% Pp.45% 253 20Y;30,

the best initial stoichiometry which gives higher Tc' Jc and

better JC(B) characteristics.
8.3.5 Effect of soaking period on HT{

Fig. 8.7 shows the variation of HTf with x after 120 hrs
and 120 + 80 hrs of heat treatment. In all cases HTf increases with
the increase in period of heat treatment. But in the case of Cu rich
stoichiometry, (Cu3_4 and above) 80 to 90% HTf is attained within

120 hrs of heat treatment itself. However after 120 hrs, there is

no further significant increase in HTf in these samples.
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8.3.6 Effect of scaking period on T001

Fig. 8.8 shows the variation in texturing of 001 planes with
x after 120 hrs and 120 + 80 hrs heat treatment. Texturing of OCi
planes also increases with the increase in period of heat treatment
for all stoichiometries. Another factor improving the texturing is
Cu rich stoichiometry (Fig. 8.3c). But increase in T001 by Cu rich
stoichiometry does not improve the Je value of the sample (Fig. 8.3a)
This may be because of the higher amount of impurity phases present

in the sample (Fig. 8.3b).

Table 8.3 gives the HT{ and T001 corresponding to 120 hrs

and 120 + 80 hrs heat treated Cu rich stoichiometric samples.

Table 8.3: HT{ and '1'001 corresponding to 120 hrs and 120 + 80 hrs

heat treated Cu-rich stoichiometric samples

Cu-stoichiometry HTE(120) Toorcaz0) "(120+80) Too1(120+80)
3.0 0.6481 0.3888 0.92 0.75
3.2 0.75 0.33 0.82 0.75
3.4 0.8 0.42 0.84 0.75
3.6 0.89 0.53 0.87 0.79

From the Table 8.3 it is clear that in the case of Cu rich
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stoichiometric samples even though HTf(120) is comparable with

HTf (120 + 80), TOOl (120) is much less compared to T001

The formation of 2223 phase can thus be accelerated by a Cu rich

(120 + 80).

liquid phase reaction but for higher texturing, sufficient soaking

period is needed.
8.4 CONCLUSIONS

Effect of initial stoichiometry variation (variation in Bi, Pb,
Sr, Ca and Cu) on various structural and superconducting properties
of the Pb doped Bi-based superconductor has been studied. From

the studies the following  conclusions can be _drawn:

a. The sample having initial stoichiometry Bi C

P S Cu,O
1.6"20.4°T2 ©3.5%430
gives the best structural and superconducting properties. It
has been found that the most important factors affecting Jc

in this sample are the type of impurity phases present, its

amount and its distribution in the superconducting matrix.

b. Cu- rich stoichiometry enhances the formation of 110 K phase
by Cu rich liquid phase reaction but the large amount of impu-

rities present in the sample decreases JC.

C. The formation of 110 K phase and texturing of 001 planes in
a (Bi, Pb)-Sr-Ca-Cu-0 sample depend on the period of heat

treatment and stoichiometry.
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CHAPTER 9

STUDIES ON TEXTURED GRAIN GROWTH IN BPSCCO AND PREPARATION
AND CHARACTERISATION OF TEXTURED SINTERED
BULK BPSCCO BY SUSPENSION METHOD *

9.1 STUDIES ON TEXTURED GRAIN GROWTH IN BPSCCO

9.1.1 Introduction

We have already seen that the synthesis of 2223 phase in
Bi-Sr-Ca-Cu-0 system is more difficult than the 2212 phase [1]. Also
it is well known that substitution of Pb for Bi in small amounts
enhances the formation of 2223 phase and it grows from the initially

formed 2212 phase and several impurity compounds such as Ca Pb04

2
and CuO [2,3]. This process requires a long annealing time (100-300 hrs)

because of slow kinetics of formation of 2223 phase [4,5].

In the course of present investigation mixed precursors of
oxides or carbonates of Bi, Pb, Sr, Ca, Cu corresponding to the 2223
stoichiometry were prepared and the preferential gfowth of wvarious
crystallographic planes in this material during the different annealing

periods has been studied.
9.1.2 Experimental

Precursor powders corresponding to 2223 stoichiometry were

prepared by mixing appropriate amounts of Bi Pb0, Srco CaCo

‘ 2% - 3 3
and CuD in an agate mortar in acetone medium. These powders were

fhis work has been partly published in:
Solid State Commun., 76, 477 (1990).
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heated at 800°C for 12 hrs and then furnace cooled. These samples
were then ground and pressed into pellets of 13 mm diameter and

5 mm thickness. These pellets were then heated at 850 + 5°C for 24 hrs
(sample S1), 48 hrs (sample S2), 72 hrs (sample S3) and 120 hrs
(sample S4) in a clossed muffle furnace. X-ray diffraction patterns

of these samples were taken under identical conditions using CukKs -

radiation.
9.1.3 Results and discussions

Fig. 9.1 shows the XRD patterns of the different samples.

From the XRD patterns, reflections from (00l1) and (111) are
found to be more prominent, which indicates preferential growth of (001)

and (111) planes.

Table 9.1 shows the ratio of the intensities of (0012) and (119)
reflections (2@ = 28.Boand 320 respectively) from the XRD patterns
and high TC fraction (HTf) determined using the definition given in
chapter 8.

Table 9.1: Ratio of the intensities of (0012) and (119) and
HTf of different samples

samples Annealing time To012/ 1119 HTf
(hrs)

s1 24 0.67 0.52

52 48 0.86 0.66

s3 72 0.99 0.74

54 120 1.43 0.81
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A comparison of the intensity ratio, given in the table, at
different annealing periods shows that this increases with annealing
time. This indicates that (001) planes grow faster compared to (111)

planes with processing time. High Tc fraction also increases correspon-

dingly.

SEM fractographs of the samples $1, 52, S3 and 5S4 are shown

in Fig. 9.2 (a, b, c, d).

From the SEM photographs, the platy growth of grains in 2223-
rich samples is clear. This increases with the increase in HTf. This
indicates that in a 2223-rich sample, the grains are of platelet in

nature having growth along ab-plane.

9.2 PREPARATION AND CHARACTERISATION OF TEXTURED SINTERED
BPSCCO BULK BY SUSPENSION METHOD

9.2.1 _Intmduction

From the above studies it is clear that 2223 grains are platy
in nature having growth along ab-plane. From single crystal studies,
it has been established that ab-plane can carry orders of magnitude
higher JC than along c-axis [6].. Therefore if the platelet grains
of 2223 grains can be aligned or textured so that their ab-planes lie

in the same direction, their ‘]c can be improved a lot.

In the present work, platelet grains of 2223 have been synthe-
sized and their alignment by the suspension through a dense liquid

has Dbeen studied. .Jc of the samples was correlated with

microstructure.
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Fig. 9.2: (a) SEM f{ractograph of the sample Sl
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(b) SEM fractograph of the sample 52

Fig. 9.2:
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{c) SEM fractograph of the sample S3

Fig. 9.2:
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Fig. 9.2: (d) SEM fractograph of the sample S4



9.2.2 Experimental

Powders containing about 90% of 2223 phase were synthesized
by the method described above where the annealing time was about
200 hrs. These powders were sieved so that particles of size less

than 20 pm could be isolated for the purpose of the present experiment.

Bromoform has been used as the suspension medium because
it was found to be sufficiently dense and nonreactive with the super-

conducting powder.

The experimental set-up (Fig. 9.3) consists of a glass column
attached to the female part of the mould of dimensions 20 mm x 4 mm X
5 mm. Bromoform was filled in it to about 15 cm height. Superconduc-
ting powder was gently introduced into the bromoform by small amounts
(about 0.05 gms each time) and the top portion of the column was
stirred well. Sufficient time was given so that the powder settled
in the mouldl. This process was repeated till the mould contained about
1 gm of powder. After this the bromoform was taken out gently, using
a synringe and the glass column was removed. The powder with the
mould was then slowly heated upto 120°C and kept at this temperature
for 12 hrs so that evaporation of bromoform was complete. After this,
the powder was uniaxially pressed under a pressure of 200 MPa without
disturbing the settled platelet grains. These samples were then sintered
at 855 + 5°C for 80 hrs in air. ‘]c of the samples were measured at

77 K by DC transport method using 1 PV/cm criterion.
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9.2.3 Results and discussion

Table 9.2 gives the Tc(O) and JC of the samples prepared

conventionally and by suspension methods.

Table 9.2: Tc(()) and J c of samples prepared
conventionally and by suspension method

Method of Tc[O] Jc
preparation (K) (A/cm)z
Conventional 109 246
Suspension 109 716

From the table it is clear that there is no change in TC[U]
of the conventionally prepared and suspended samples whereas a signi-

ficant improvement in Jc has been obtained by the suspension method.

Fig. 9.4 shows the SEM fractographs of the conventionally

prepared and suspended samples.

About three fold increase in JC in the sample prepared by
suspension method compared to the conventional one can be explained
only by taking account of the 'grain alignment as observed by the SEM

photographs.
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Suspension method

Conventional method

Fig. 9.4: SEM fractograph of the samples prepared conventionally
and by suspension method
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9.3 CONCLUSIONS

Preferential growth of planes and formation of 2223 phase in
a 2223 stoichiometric precursor during the different annealing periods
have been studied. (001) and (111) planes’ are found to grow preferen-
tially. The growth of (00l) planes was found to be much faster
compared to (11l) as the -period of annealing increases. Moreover the
increased growth of (001) planes was associated with the corresponding
increase in the high TC fraction. Thus it can be concluded that in
a 2223-rich sample, the grains are platy in nature with grain growth

along ab-plane.

Platy grains of BPSCCO were aligned so that their ab-planes
lie in the same direction, by the suspension method by the use of
bromoform. A three fold increase in chas found in the sample prepared
by suspengion method compared to that of the conventionally prepared
one. Microstructure of these samples revealed the enhanced grain orien-

tation in the sample prepared by the suspension method.
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CHAPTER 10

SUPERCONDUCTING AND MECHANICAL PROPERTIES OF
(Bi, Pb)-Sr-Ca-Cu-0/Ag COMPOSITE”

10.1 INTRODUCTION

High temperature superconductors are generally very brittle
with unacceptably low strength [1,2]. The use of these materials
in bulk application thus requires improvement of their mechanical
properties. High yield strength is required to withstand the forces
of magnetic fields and considerable ductility is necessary to fabricate
wires and cables from the superconducting material. In order to resist
crack initiation and propagation, the fracture toughness of these
materials has also to be increased. These desired mechanical
properties may be achieved by the addition of a ductile metal to the
brittle superconductor to form a metal matrix composite. Apart from
improving the 1load bearing characteristics, the presence of a metal
can improve the deformability characteristics and avoid brittle

fracture.

In the case of YBCQO it has been established that Ag upto 50 wt}
can be added without adversely affecting the Tc , while there is a
considerable improvement in their mechanical properties [3-5]. The
nonpoisoning effect of Ag addition in Bi-Sr-Ca-Cu-0 system has also
been reported by S. Jin et al [6]. But it has been reported by

S.X. Dou et al [7] that Ag addition has a poisoning effect on

* This work has been partly published in:
a. Solid State Commun., 76, 659 (1990)

b. J. Mat. Sci. Lett., 11, 1437 (1992)
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Bi-system doped with PQB(BPSCCO) when processed in air. According
to them TC(O) has been found to be depressed to as low as 60 K

for 30 wt% Ag when sintered in air.

In the course of present study, Ag composites of BPSCCO

having Ag content upto 40 wt§% have been synthesized by adding AgNO

3
and processing in air. Their superconducting and mechanical proper-
ties such as TC(O) » Jo,. flexural strength, % deflection at breakage,

hardness etc. have been studied.
10.2 EXPERIMENTAL

Ag composites of BPSCCO were prepared by mixing Bi2 03 ,
PbO, SrCOs. CaCOa. Cu0 (stoichiometric ratio = 0.8/0.2/1/1/1.5),
AgNO3 {which was added to include the required wt}$ of Ag in the
compound) and calcining at 800°C for 12 hrs and 840°C for 120 hrs
in air with Iintermittent grinding. The resulting powder was pressed
into rods having dimensions 40 mm x 3 mm x 2 mm and sintered at
840°C for 80 hrs in air. X-ray diffraction was performed using CuK«
radiation. Flexural strength and % deflection at breakage were meas-
ured in an Instron testing machine employing a span of 35 mm and

depth of 2 mm. Sample hardness was measured using a Leitz micro

hardness tester employing a load of 16.625 kg.
10.3 RESULTS AND DISCUSSION
10.3.1 Superconducting properties of BPSCCO/Ag composite

Table 10.1 gives the variation of room temperature resistivity,
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contact resistance, Tc(O) and JC with wt% Ag in the composite.

Table 10.1: Room temperature resistivity, contact resistance,

T and f th ites
c(0) Jc o e Ccompos
Room temp. Contact Tc(O) J
Wt Ag resistivity resistance ¢
2
(ma .cm) (mn) (K) (A/cm )
0 1.68 0.15 110 147
5 0.56 0.18 108 155
10 0.56 0.13 108 162
20 0.52 0.12 107 267
40 0.52 0.12 107 191

From the table it is clear that Ag addition upto 40 wt% does
not have any poisoning effect on the superconducting properties of
BPSCCO system when processed under the present experimental condi-
tions in air. The resistivity has been found to decrease with the
addition of a small amount (4 wt%) of Ag itself. Addition of Ag has
also been found to reduce contact resistance by an order of magnitude.
Also, J. 1is maximum for sample having 20 wt§ of Ag as reported else-

where [8]. "

The XRD patterns of various samples are shown in Fig. 10.1.
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Fig. 10.1: XRD patterns of samples having different wt} Ag
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Fig. 10.2 shows the optical micrograph of the polished surface

of the sample containing different wt § Ag (X 400).

From the XRD patterns of the samples, the formation of
(Bi, P‘b)ZSrzCazCu3010 phase and the presence of Ag is clear. Also,
there is a relative increase in the intensities of Ag peaks in the XRD
patterns (26 = 38.2° and 44.40) with wt% Ag. No significant change
in the cell parameters were observed with Ag addition. The optical
micrograph, (Fig. 10.2), shows the distribution of Ag in the supercon-
ducting matrix (where the white shining particles are Ag, the gray
and black portions are superconducting phase in which the colour diffe-
rence may be resulting from the difference in alignment of the platy
grains). It shows that Ag particles are distributed uniformly in the
continuous matrix of superconductor as observed in the case of super-
conducting Ag composites prepared by adding metallic Ag [9]. XRD
patterns of the samples taken at different depths also showed that
there is no change 'mK the intensities of Ag peaks and thereby confir-
ming the uniformity of the Ag distribution in the bulk. These observa-
tions show that the role of Ag is likely to be that of a second phase
material in the superconductor which gives better connectivity between

grains and reduces resistivity and contact resistance.

From the intensities of various X-ray reflections (Fig. 10.1),
high T, (2223 phase) fraction (HTf), impurity fraction (If) and textu-
ring of (001) planes (T ) were determined using the definitions
already given in chapter 8. Table 10.2 gives the variation of these

three parameters with wt% Ag added.
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Fig. 10.2(a): Optical micrograph of the polished surface of the
sample containing 5 wt % Ag (X 400)
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Fig. 10.2(b): Optical micrograph of the polished surface of the
sample containing 10 wt-§ Ag (X 400)
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Fig. 10.2(c): Optical micrograph of the polished surface of the
sample containing 20 wt- % Ag (X 400)
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: Optical micrograph of the polished surface of the

Fig. 10.2(4)

sample containing 40 wt § Ag (X 400)
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Table 10.2: HTf, If and T of the composites

001
High T Impurity Texture
Wt§ Ag . c index index

fraction
0 0.91 0 0.64
5 0.69 0.19 0.57
10 0.74 0.14 0.55
20 0.82 0.10 0.53
40 0.83 0.06 0.52

From the table, it is clear that texturing of (00l1) planes
decreases by the Ag addition in BPSCCO system. But in the case of
YBCO it has been reported that it is increasing [10]. Ag addition
decreases high TC fraction and increases impurity fraction in general.
However with higher content of Ag, there is an increase in high TC
fraction as compared to the lower content with a simultaneous decrease

in impurity fraction.
10.3.2 Mechanical properties of BPSCCO/Ag composite

Fig. 10.3 shows the variation of flexural strength and % deflec-

tion at breakage with wt% Ag in the composite.

From the figure it is clear that there 1is a considerable
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improvement in these properties by the addition of Ag between
20-40 wt%. There is an initial drop in flexural strength upon addition
of 10 wty Ag. This is because, at low volume fraction of reinforce-
ments in composites, stress concentration effect due to the presence
of reinforcement particles is more, than the reinforcement effect.

This causes premature failure of the composite and resulting in drop

of ultimate failure of stress.

The plots of porosity and hardness vs wt§ Ag are given 1n
Fig. 10.4. The hardness values do not show any appreciable change

between 20-40 wt% Ag. Porosity is found to be decreased significantly

by the addition of Ag in the superconductor.

However the observed mechanical properties are unacceptably

low for practical applications eventhough addition of Ag above 20 wt%
showed remarkable improvement in the properties. One of the main

reasons for this may be the high porosity (Fig. 10.4).

10.4 CONCLUSION

Superconducting Ag composite of Bi-Pb-Sr-Ca-Cu-0 system

having Ag content upto 40 wt% -was synthesized by adding AgNDS and

processing in air, without any considerable decrease in TE{ 0)’ JE was
found to be maximum for samples having~20 wty Ag. Also, the role
of Ag was found to be that of a second phase material distributed

uniformly in the superconducting matrix which gives better
connectivity between grains and thus reduces both resistivity and

contact resistance. Texturing of (001) planes was seen to be decreased
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by the Ag addition in BPSCCO system.

There 1is considerable improvement in flexural strength and
% deflection at breakage by the addition of Ag between 20-40 wt%.
The hardness do not show any appreciable change between 20-40 wt%.
Porosity is found to be decreased significantly by the addition of

Ag in the superconductor'.
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SUMMARY

The main objective of the work reported in this thesis is
to study the ways and means of imparting desirable properties to high
temperature superconductors so that they can be considered for
practical applications in bulk form. With this objective, studies were

conducted and the results obtained are summarized below.

The effect of wvarying the processing parameters like Po2 ‘
temperature and soaking period during the calcination stage of YBCO
show that (i) grain growth along ab-plane 1is accelerated by the
decrease of Poz. if the processing temperature is kept constant, (ii) if
the Po2 is kept constant, the grain growth along ab-plane is accele-
rated as the processing temperature increases, '(iii) if Poz. proce-
ssing temperature and soaking period are suitably selected, platelet

grains of  desired size (within a range of 5-100 pm) can be

synthesized.

Apart from establishing the dependence of growth of platy
grains of YBCO on the processing parameters, this study has also
indicated that YBCO phase formation in the conventional ceramic route
commences at lower temperatures if the oxygen partial pressure is

reduced.

Studies on comparatively low amounts (upto 20 at. wt%) of
Li, Na and K substituted YBCO have shown that textured grain growth

is maximum for Li substitution followed by Na and K for the same
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amount of substituents. In all the cases, with the increase in substi-
tuent concentration, textured grain growth is also found to be increased.

Li-substitution severely affects Tc (0) whereas the effect of Na and

K are less pronounced.

A model for the textured grain growth 1in YBCO has Dbeen
proposed which is based on the oxygen vacancy creation under
different experimental conditions. When the processing of YBCO 1is
done at a low Pﬂz. the ab-plane will have a large number of wvacant
oxygen sites which facilitates easy mass transport and hence an
increased textured grain growth. ©Similarly the enhanced textured grain
growth resulting from the substitution of alkali metals for wvarious
cations in YBCO can also be accounted by the accelerated mass
transport resulting from the generation of wvacant oxygen sites. The
calculation of oxygen stoichiometries at processing temperature using
the proposed model shows that in the case of Li and K substituted
samples, the observed wvalues match very well with the prediction
of the model, i.e., release of one oxygen atom f{or every two alkali
atoms substituted. In the case of Na substitution the fit was very

well except for the deviation for the Na stoichiometry around 0.05.

Moreover it was observed that in the case of Li substituted
samples, oxygen vacancy concentration is the main factor influencing
the platy grain growth whereas in Na and K substituted samples, other
properties also may have to be considered. Another important result
that was obtained from this study is the evidence for increased oxygen

absorption rate in alkali metal substituted samples in comparison with
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that of pure YBCO.

Cold pressing was found to align the grains on a thin layer
below the pressed surface. The degree of grain alignment was found
to depend on both the pressure applied as well as the grain size.
Longer periods of sintering was found to impart deeper penetration of
grain alignment into the interior of the samples. The JC of samples
prepared by pressing platy grains of undoped YBCO was found to be
higher than that of those prepared from grains of nearly spherical
shape. Also the :.lC of sample prepared from grains of size between
15  pm and 30 pm was _found to be higher than the other samples

included in this study.

The effect of cold pressing and heat treatment on the grain
alignment in alkali metal substituted samples was similar to that of
the undoped YBCO. Despite this, the ‘]c of substituted sample was

found to be very low compared to that of undoped YBCO.

Experimental set-up for the synthesis of phase pure YBCO by
dynamic vacuum calcination has been fabricated. Processing parameters
for synthesis of phase pure YBCO powders upto 100 gms have been
standardized. The merits of vacuum calcination are, (i) powder with
higher purity, 1less grain size, (ii) 1less processing temperature and
soaking period, (iii) sintered samples having higher ‘]c and better
stability apainst magnetic field and (iv) powder is more stable to the

atmospheric conditions.

From the studies of  initial stoichiometry variation in
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(Bi,Pb)-Sr-Ca-Cu-0 system, it was observed that the sample having

initial stoichiometry Bi Sr, Ca, ,Cu,O gives the best structu-

1.67 P0.4°T2 C33 ptug0y

ral and superconducting properties.

X-ray diffraction studies revealed that in a 2223-rich sample,
the grains are platy in nature with grain growth along ab-plane.
These platy grains of BPSCCO were aligned by the suspension method
using bromoform. A three fold increase in Jc was found in the sample
prepared by suspension method compared to that of the conventionally
prepared one. Microstructure of these samples revealed the enhanced

grain orientation in the sample prepared by the suspension method.

Superconducting Ag composite of Bi-Pb-Sr-Ca-Cu-0 system having
Ag content upto 40 wt% was synthesized by adding AgNO3 and proce-
ssing in air, without any considerable decrease in TC. JC was found
to be maximum for samples having 20 wt% Ag. Also, the role of Ag
was foundl to be that of a second phase material distributed uniformly
in the superconducting matrix. There 1is considerable improvement
in flexural strength and % deflection at breakage by the addition of
Ag between 20-40 wi%. The hardness do not show any appreciable
change between 20-40 wt%. Porosity is found to be decreased signifi-

cantly by the addition of Ag in the superconductor.



	G1605
	CHARACTERISATION OF HIGH TEMPERATURE SUPERCONDUCTING COMPOUND BY X - RAY AND OTHER TECHNIQUES
	CONTENTS
	ACKNOWLEDGEMENTS
	PREFACE


