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o Report summary (English)

Principal investigator: Hiroaki Kumakura, Special researcher, National Institute for
Materials Science
R & D title: Study of high performance long length MgB> conductorso

1. Purpose of R & D

Construction of new energy infrastructure collaborated with globally friendly hydrogen or
liquid helium-free cryocooler and superconducting electric power system is attractive and
important for sustainable development. MgB» superconductor, whose 7. is about 39K, shows high
critical field of around 10T at the liquid hydrogen temperature. A wire of MgB: is easily fabricated
by applying a powder technique. Thus, MgB: is one of the promising candidates as an economical
and high performance conductor of superconducting devices cooled with liquid hydrogen or
cryocooler. It is expected that the hybrid system composed of liquid hydrogen or cryocooler
cooling system and MgB, superconducting device can reduce large amount of carbon dioxide
emission. The purpose of this project is to establish the fabrication method of high performance
100m-1km long mono- and multi-filamentary MgB> wires that can be used for the liquid
hydrogen or cryocooler cooled superconducting magnet system.

2. Outline of R & D

(1) Contents:

NIMS group has invented colonene(Cx4H12) doping method to the starting powder of MgB,, and has
much improved critical current density J. values of MgB, wires at high magnetic fields. NIMS has
developed internal Mg diffusion(IMD) method, and fabricated 100m class mono- and multi-
filamentary MgB: wires with the aid of analytical methods(X-ray CT and magnetic imaging method)
developed by Kyushu University. Hitachi group has developed a high-density MgB, wire that is 100
m to 1 km in length by utilizing the knowledge of the processing methods and additives obtained in
NIMS and the analytical methods developed at Kyushu Univ. Hitachi attained highly J; values by
densification of MgB, filaments, which was the problem of conventional PIT (Powder in Tube)
processed wire. In parallel, Hitachi provided MgB: wire and coils to the application development
Group for the development of superconducting equipment. Kyusyu Univ. group developed an
evaluation technique of local characteristics based on the consideration on electromagnetic phenomena
of MgB» wire with magnetic sheath material, and carried out the evaluation on IMD-method wire and
PIT-method wire developed in NIMS and Hitachi, and supported their process development.

(2) Achievements:

Colonene doped MgB, wire showed J. values of 1.1 X 10°A/cm? at 4.2K, 10T. This was the highest J;
values of MgB, wires in the world. NIMS has succeeded in the fabrication of Cu stabilized 100m long
mono-filamentary wire and 60m long 7-filamentary wire. A solenoid coil wound with 60m long Cu
stabilized 7-filamenary MgB, wire showed 60-70% I. values of short samples. A 1km-class mono-
filament wire and a 100m-class multifilament wire were manufactured by Hitachi, and the target
values on J. and lowering rate of I, were achieved. (Engineering critical current density, Jo. = 5,000
A/mm?at20K, 5 TorJ. = 17,000A/cm? at 20 K, 5 T, lowering rate of I; < 15%. J; of multifilament
wire is expected to achieve.) MgB: coils provided to application device development Gr were used for
liquid hydrogen cooling tests. Kyushu Univ. has developed a method for evaluating the local properties
of MgB, wires with magnetic sheath, and succeeded in obtaining the local critical current profiles of
the respective filaments in the multi-core round wire.

(3) Future developments:

NIMS will develop superconducting joints of MgB, wires. Hitachi, Ltd. or Hitachi Group companies
will continue to develop MgB, wires, aiming to commercialize wires, coils and magnets. The main
task is the cost reduction of the wires. Kyushu Univ. will continue to develop the magnetic
microscopic method to the continuous non-destructive inspection technique, and also study on the
electromagnetic phenomena under AC magnetic fields.



