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6 ETCILE 4 EOMR A BSESEMICEA LR L L, B EEa T 05
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285 A cm? 21 B4 5. SroVFeAsOs.s & W T BBARERRAN 12 35\ T, void & Tlesk K8
NHEML, BEERMO T BLXORIBEDT 5.
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Enhancement of critical current density for superconducting wires

using a mixed—anion layered compound Sr,VFeAsOs-;

Thesis Summary

This research demonstrates the enhancement of the superconducting current density (Jc) for
superconducting wires, which are expected to be utilized for coils to generate high magnetic field.
Superconducting materials for superconducting wires are required to have high upper critical magnetic
field (MoHc2) and easy tunability of carriers. Superconductors in Mixed—Anion Layered Compounds
(MALC) satisfies the requirements. This research has focused on a MALC, SroVFeAsOs.s, which shows
relatively high critical temperature (T¢) and poHcz.

Chapter 1 explains the reason to focus on Sr.VFeAsOs.s in this research, describing the current
status in 2019 of the practical coils to generate high magnetic field. This is followed by the explanation of
the development in superconducting wires using Sr,VFeAsOs,s. The superconducting SroVFeAsOs.;
wires have lower Jcs than those of the oriented single crystal of SroVFeAsOs.; estimated by the magnetic
measurement. Therefore, enhancement of J. for superconducting Sr.VFeAsOzs.s wires is required.

Chapter 2 introduces the basic theories on superconductivity from London equation to
Bardeen-Cooper-Schrieffer (BCS) theory and explains the characterization techniques to determine
chemical properties of the polycrystalline Sr.VFeAsOs.s samples. The techniques include X-ray
diffraction, resistivity/magnetization measurements and scanning electron microscopy.

In Chapter 3, the synthesis of polycrystalline Sr.VFeAsOs.; samples is reported. Some of the
prepared samples are annealed under uniaxial pressure (hot-pressing (HP) treatment). Phase
characterization and evaluation of lattice constants are performed for the obtained polycrystalline
SraVFeAsOs.s samples.

In Chapter 4, the magnetic J. of a HP-Sr2VFeAsOs.; sample is evaluated by applying a Bean model.
The estimated J. by the Bean model (magnetic J¢) is 1.2 times (0 T) and 4.8 times (4.5 T) enhanced by
HP treatment. HP treatment is demonstrated to be practical for the enhancement of J: in
superconducting wires.

In Chapter 5, Tcs under high pressure are reported. For the 6 = 0.116(2) sample, poHczs at 0 K are
evaluated from electrical resistance measurements under an external high pressure assuming a Gorter
model. The poHc at 0 K increases under an applied pressure of 2.7 GPa. This suggests that higher
MoHc2 can be obtained for polycrystalline SroVFeAsOs.swith 6 less than 0.116, which has smaller lattice
volume than ¢ = 0.116.

In Chapter 6, densification of the superconducting core is demonstrated in superconducting wires.
The amount of void in the superconducting core is reduced by the densification, and therefore J; is
enhanced up to 285 A cm™. This enhancement can be understood as a result of the decrease in
“weak-links” which occur around voids by the increase of 4.

Another approach to enhance Jc is to reduce the amount of secondary phases in polycrystalline
SroVFeAsOss. However, the reduction of secondary phases is difficult for the polycrystalline
SraVFeAsOss synthesized by a solid-state reaction. Therefore, a liquid—phase synthesis using ionic
liquid and biopolymer is developed for the future application to the synthesis of polycrystalline
Sr.VFeAsOs.s. In Chapter 7, the synthesis of Sr-V-0 ternary compounds via a liquid—-phase synthesis
using an ionic liquid and biopolymer is reported.

Chapter 8 summarizes the knowledge acquired in this research. Based on the knowledge,
strategies for further enhancement of J. are demonstrated.




