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Abstract

Various kinds of cryogenfree superconducting magnets such as a wide bore 8 T, a split-pair 5 T, and a high magnetic
field 15 T magnet have been developed successfully at Tohoku University. A cryogenfree 23 T hybrid magnet
composed of a cryo-cooled outer superconducting magnet and a water-cooled inner resistive magnet is being tested
for the first time. Further, new construction projects of a cryogenfree 30 T hybrid magnet and a cryogenfree 19 T

superconducting magnet have just started.
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1. Introduction

A GM-cryocooler with a small refrigeration capacity
has been utilized to realize a practical cryogenfree su-
perconducting magnet (CSM) using high temperature
superconducting current leads [1]. Since CSM can pro-
vide a high magnetic field generation for a long time
such as a few weeks or a few months, it is a great conve-
nience for the crystal growth and the chemical reaction
experiment to utilize CSM. It is expected that con-
ventional superconducting magnets immersed in lig-
uid helium will be replaced by easy-operational CSM
in near future. Recently, new materials development
in magnetic fields using CSM attracts much attentions
in relation to a nano-technology. Container-less melt-
ing process in magnetic levitating condition [2] is be-
ing desired to make a sphere fine glass by a COz in-
frared laser combined with CSM. This paper describes
the new process developments using various kinds of
CSM at the High Field Laboratory for Superconduct-
ing Materials (HFLSM), IMR, Tohoku University.
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2. Various cryogenfree superconducting
magnets

Since we succeeded in constructing the world’s first
practical CSM with a 38 mm room temperature exper-
imental bore using 500 A BizSr2CazCuzO19 current
leads in 1992 [1], a wide bore, a split-pair, a high mag-
netic field, and a functional CSM have been demon-
strated splendidly. Table 1 lists various types of CSM
installed at HFLSM, Tohoku University. 5 T-CSSM
combined with an X-ray diffractometer is available for
a direct measurement in the field-induced phase trans-
formation such as Mn oxides system. Further, a split-
pair cryogenfree superconducting magnet was easily
extended to a neutron diffraction experiment [3]. The
high magnetic field of 15.1 T in a 52 mm room tempera-
ture experimental bore was achieved by 15 T-CSM [4],
and a new construction project aiming to generate 19
T in a 52 mm room temperature bore has just started.
19 T-CSM will consist of a 2.5 T Bi-system high tem-
perature superconducting insert coil and a back up
magnet of a 16.5 T NbsSn/NbTi outer coil. Moreover,
a cryogenfree hybrid magnet of 23 T-CHM is being
tested, and tentatively a magnetic field of 20 T was per-
formed by the combination of a 4.5 T-360 mm warm
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Table 1
Cryogenfree superconducting magnets developed at HFLSM

warm bore B Iop remarks

[mm¢]  [T] [A]

5T-CSM 38 4.6 465 first practical CSM
6T-CSM 220 5.7 138 chemical reaction
11T-CSM 52 10.7 149 1200 °C furnace

5T-CSSM ¢50x10 gap 5.0 67 X-ray diffraction

8T-CSM 220 7.0 210/64 being tested, 1600 °C furnace
11T-CSM 52 11.0 149 CVD

15T-CSM 52 15.1154/95 1200 °C furnace

19T-CSM 52 (19) under construction

23T-CHM 52 20.1 198 being tested

30T-CHM 32 (30) under construction

bore CSM and a 15.5 T water-cooled resistive magnet,
as shown Fig. 1. Finally, a 3.5 T Nb3Sn insert coil has
to be added in a 4.5 T-360 mm warm bore CSM. As a
next step, a 30 T-CHM construction project compos-
ing of a 12 T-360 mm warm bore CSM and a 19 T-32
mm warm bore water-cooled resistive magnet has also
started. In these projects, highly strengthened NbsSn
superconductors have to be developed. It is required
that the next phase NbsSn wires with ¢1.8 mm in di-
ameter have a high critical current, a good conductive
copper stabilizer of RR = 100 and a high strength of o
= 250 MPa in fields of 10-15 T.

3. New process developments

A heat-treatment in fields is carried out using a 1600
°C electric furnace installed in a 220 mm room temper-
ature bore of 8 T-CSM and 1200 °C electric furnaces
in 11 T-CSM or 15 T-CSM. Magnetic alignment effects
are intended using such an in-field heat-treatment. Es-
pecially, a CVD process for YBazCusO7 reveals an in-
teresting morphology change in high fields [5]. It is
found that the magnetic field influences the grain size
during deposition. In addition, the magnetic field ori-
entation effect appears in anisotropic materials even in
high temperature around 1000 °C. A new hybrid mag-
net system of 23 T-CHM and 30 T-CHM will provide
a large magnetic levitation force. A CO2 laser and a
YAG laser combined with CHM will be utilized as a
melting method in magnetic levitation.
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