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oReport summary (English)

Principal investigator: Kyoto University professor Toshiya Doi
R & D title: Study of low-cost high temperature superconducting wire

1. Purpose of R & D

The ratio of electricity consumption to total final energy consumption has reached 40%.
Therefore, it is important to improve the efficiency of the power generation, power transmission and
substation systems, etc. and to reduce the loss of electrical energy utilization. It is well known that it
is effective to use a superconducting wire, which electric resistance is zero, instead of copper wire in
order to improve the efficiency of electric power equipment. In this study, we tried to develop a low
cost high-temperature superconducting (HTS) wire using REBa,CuzO7 (RE is Y or rare earth
element) operable in liquid nitrogen cooling.

2. Outline of R & D

(1) Contents: In this research and development, in order to greatly reduce the cost of HTS wire, we
devised a new wire structure and new fabrication methods that enable the new wire to fabricate not
only under atmospheric pressure not also without using expensive Ag. And to realize them, we
developed (Dnew metal tapes as the substrate, @new conductive buffer layer materials, and new
fabrication method for preparing thick REBa;Cu3O7 film under ambient pressure.

(2) Achievements: In this research and development, we showed that we were able to fabricate a
noble-metal-free HTS wire by preparing high performance REBa>CuzO7 layer on Ni and
Sro.05La0.05TiO3 layers as the conductive buffer, which epitaxially grown on a biaxially crystal
aligned pure Cu tape.

We demonstrated that it is possible to use pure copper tape as the new metal tape, in which
crystals are biaxially oriented, fabricated only by cold rolling and heat treatment. In addition, in
order to further reduce the wire costs, we developed a new method for fabricating a biaxially
oriented pure iron tape.

We discovered that Ni is effective as a diffusion prevention layer for Cu as a new conductive
buffer layer material. Various other conductive materials can be considered as the conductive buffer
materials, that can block the Cu diffusion, however, Ni can be epitaxially grown on the oriented Cu
tape by an electro plating technique established as an industrial technology, which process cost, is
low enough. Thus, Ni is considered to be preferable for a conductive buffer layer material for the
low-cost HTS wires.

Furthermore, we successfully demonstrated that the high performance REBa;Cu307 can be
epitaxially grown on a Sro95Lag.05TiO3 conductive thin film epitaxially grown on the Ni layer. This
Sro.95L.ag.05TiO3 conductive buffer layer can prevent oxygen-diffusion from the REBa,Cu307 layer to
the Ni layer, Ni-diffusion to the REBa;CusOy layer, and RE-, Ba-, and Cu-diffusions from the
REBaCu307 layer to the Ni layer and the Cu tape. We showed that the combination of the Ni and
Sro.95La0.05TiO3 layers give is a very high-quality conductive buffer for the new low-cost HTS wires.

In addition, when manufacturing the new low-cost HTS wires, it is desirable that the entire
manufacturing process is carried out under an ambient pressure. In this research and development,
we showed that the biaxially oriented Cu tape can be produced by cold rolling and heat treatment,
the Ni layer can be electroplated, the Sro.sLao.0sTiO3 layer can be prepared by a metal organic
decomposition (MOD) method, and the REBa>CuzO7 can be deposited by our newly developed
fluorine-free MOD method.

(3) Future developments: The Sro.g9sLao.0sTiO3 allows both Cu and oxygen to diffuse a little.
Therefore, presently Ni has to be deposited additionally, and the deposition time for the REBa>Cu3O7
layer has to be within a few minutes. In the future, Development of a new conductive buffer layer
material that completely blocks the diffusion of Cu and oxygen is desirable. In addition, we will
develop our new R&D results to practical phase with cooperation of manufacturers.



