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Chapter 1 Introduction

This chapter describes the background of T¢ and Jc impovement in conventional superconduc-
tors and oxide superconductors. The characteristics of crystal structure and microstructure
of high Tc superconductors are reviewed for better understanding of deformation behavior in
oxide superconductors. Major focus is on fabrication methods of oxide superconductors to
obtain highly oriented microstructure. After outlining relevant studies to fabrication tech-
niques and theories of oxide superconductors, the purpose, necessity and significance of this
research are described. In essence, main objective of this study is to develop new processes to
produce the optimized microstructure for high Je. For this purpose, fundamental studies are
performed on plastic deformation by high temperature compression. Also, microstructural
changes during deformation are investigated by optical microscopy, scanning electron micros-
copy (aided by ECP methed) and transmission electron microscopy. Based on the obtained

results improvement of Jc properties is discussed.
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Chapter 2 High Temperature Deformation Behavior of YBa.Cus:0;-«

The high temperature deformation behavior of YBa.CusQO7-x polycrystals was studied as a
function of temperature, strain rates and grain sizes. Stress-strain curves are presented for
YBa:Cuz01-x polycrystals with grain sizes of 3 #m and 7 gm at 1.3X107%s™! at tempera-
tures from 1136 to 1253K. Steady state deformation appeared above 1203K for both samples.
The plots of the logarithm of steady-state stress as a function of T~' for both grain sizes
above 1203K gave a linear relation. From the slope of the straight lines, activation energies
are determined to be approximately 150kJ, ' mol independent of grain size. The strain rate sen-
sitivity of steady-state stress at various initial strain rates between 1.3X107% and 4 X10"*s™*
in the temperature range 1203 to 1243K gives a stress exponent of 1.3. Dislocations were rare-
ly observed in the samples compressed above 1203K. On the other hand, work-hardening ap-
peared in stress-strain curves below 1203K and TEM observations revealed that dislocations
with a high density were introduced during deformation.

The obtained results on the compression tests and microstructural observations suggest that
the dominant deformation mechanism is diffusional creep associated with grain boundary slid-
ing above 1203K and the dislocation glide accompaniced with grain boundary sliding below
1203K. Finally, the grain growth is enhanced by deformation and is accompanied with develop-

ment of strong anisotropy in grain shape and preferred arrangement.

Chapter 3 Analysis of Orientation Distribution in YBa,Cu; O;_x Polycrystals
by Electron Channeling Patterns

The analysis of orientation distribution by electron channeling patterns in a small-sized
YBa:CusOr-x tape sample was performed to investigate the applicability of this method for
oxide superconductors. The standard channeling map for YBa.CusOr-x superconductors in the
range of a stereographic quadrant was produced for first time. Orientation distribution of
grains in pressed tapes for Jc measurements was analyzed by taking ECPs for individual grains
as a function of reduction (tape thickness). In the 60 £ m thick tape which is heavily pressed,
(001) texture is considerably strong and (001) planes of most grains are inclined within 30° to
the specimen surface. In the 200 £ m thick tape, (001) texture is weak in comparison to the
60 #m tape. No apparent preferred orientation is observed in the as-sintered pellet. High Jc in
pressed YBa:Cu:O7-x polycrystals is ascribed to (001) texture. Pole figures by X-ray technique
are in excellent agreement with the results of ECP analysis. It is concluded that the .ECP tech-
nique is very useful for the analysis of orientation distribution in small sized specimens such

as tapes or thin films.
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Chapter 4 Microstructure Control of YBa.Cu:0;-« by High Temperature Com-
pression

The texture development during high temperature deformation under optimum deformation
condition was examined by simple uniaxial compression and compression with grooved dies.
The optimum deformation condition was determined by compression tests at temperature
1203K and strain rate 1.3X107°s™". At this selected optimum condition, the texture developed
very strongly by uniaxial compression and compression with grooved dies. It was apparent
that grains in the compressed sample concentrated strongly on the center of the (001) pole
figure. The deviation angle of the (001) plane in each grain from the sample surface is almost
within 30° for both samples. In uniaxial compression and compression with grooved dies,
7096 and 859 grains of all the measured grains were within deviation angle of 25° , respec-
tively. In compression with grooved dies a- or b-plane texture was developed. The transport
critical current density Je ¢(ransy at 77K was 450 A ~cf for the sample compressed 50% uniax-
ially and 500A “cf for sample compressed with grooved dies, indicating that the Je irans)
values are nearly one order higher than that of the as-sintered sample. The intragrain critical
current density Je (irans) at 4.5K in a magnetic field parallel to compressin axis was 2.4 X
10°A /erf for the sample compressed 50% uniaxially and 3.8X10°A “cif for the sample 5094
compressed with grooved dies. The low Je (transy is attributed to microcracking induced by

anisotropic contraction of grains after reoxidizing.

Chapter b Microstructure Control and Critical Current Density of YBa.Cus;
0O, -x-Ag Composites by High Temperature Compression

The effect of Ag.0O adition on microcracking induced by phase transition and reoxidizing
heat treatment of a YBa:CusO7-x polycrystal was investigated. Jc was measured on com-
pressed samples with various amounts of Ag.O as a function of plastic strain at 77K. The
specimens doped with 20 and 30w,/ o Ag.O are well deformed to 5594 plastic strain in the low
stress level compared to the sample without Ag.O. And reoxidized sample after 509 uniaxial
compression showed very strong (001) reflections of the YBa:CusOr-x phase. Uniformly dis-
tributed Ag particles were found to play an important role in relieving the anisotropic ther-
mal stress in the YBa;CusO+-x -Ag composites. The maximum Jec (i rans) value was obtained
from the sample doped with the 20w, o Ag:0. The Jc ¢1ransy value at 77K and at OT was
1400 A,/ crf.. The agglomerations of Ag particles were formed after compression in the sample
doped with 30 w0 Ag:0 containing sample. This phenomenon reduces the path of the cur-

rent flows and eventually decreases Je (irans).
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Chapter 6 Summary
The major experimental results, findings and conclusions obtained from this doctoral re-
search are summarized in this chapter. The overall conclusion is drawn and presented and

future research areas are suggested.
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