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Present status and future perspective of the MgB» superconductor bulk magnets

Tomoyuki NAITO™!'f and Hiroyuki FUJISHIRO™!

Synopsis: We have studied the trapped field properties of the MgB2 bulk superconductors fabricated by various methods. The
MgB: bulks were magnetized by a filed-cooled magnetization (FCM) method using a superconductor coil and a pulsed field
magnetization (PFM) method using a copper coil. We firstly obtained a trapped field of 1.5 T at 14 K by FCM for an MgB: disc
bulk (30 mm diameter and 7 mm thickness) with a filling factor of about 50 %, which was fabricated by an in-situ capsule method
using a home-made capsule. The trapped field of MgB:2 bulk by FCM was enhanced up to 2.9 T by the densification and the
enlargement. Such dense MgB: bulks were fabricated by an in-situ hot isostatic pressing under the pressure of up to 980 MPa or an
ex-situ spark plasma sintering by applying uniaxial stress of 50 MPa. An in-situ infiltration method without the physical pressure
also produced the dense MgB: bulks, which trapped a 3 T-class magnetic field. The Ti-doping improved considerably the trapped
field by FCM up to 5.6 T at 11.3 K for the triple-stacked Ti-doped MgB: bulks. The PFM method also produced a Tesla-class MgB2
bulk magnet. The trapped field of 1.1 T at 13 K was obtained for the HIP-processed MgB: disc bulk (22 mm diameter and 20 mm
thickness). A magnetic field of 1.6 T was trapped at 20 K in the MgB2 bulk composite, consisting of two ring-shaped MgB: bulks
sandwiched by four thin copper plates and an inserted soft-iron yoke cylinder, using double PFM using a split-type coil with soft-

iron yokes. We have shown the potential of the MgB2 bulk magnets for the practical superconducting applications.
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Fig. 1 Schematic image of a capsule which consists of two
stainless steel (SUS) parts A and B and a soft-iron gasket®® .
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Fig. 2 Temperature dependence of the trapped field of
various indicated MgB: bulks 2* 2% 33 34 Inset shows the
magnetic field dependence of the critical current densities at
20 K for the indicated MgB2 bulks.
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Fig. 3 Temperature dependence of the trapped field of the
pristine and Ti-doped MgB: bulks prepared by the HIP
method 2% 3%,
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Fig. 4 Magnetic field dependence of the critical current
density for the pristine and Ti-doped MgB: bulks prepared by
the HIP method 2®). Inset shows the temperature dependence
of the normalized magnetization after the zero-field cooling
under a magnetic field of 0.4 mT for the same bulks in the
main panel.
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Fig. 6 Inverse pole figure maps of the electron backscattered
diffraction (EBSD) for the (a) pristine and (b) Ti10%-doped
MgB: bulks prepared by the HIP method 28),

TNEALZ IS B BTG N L Lo B X b
Zo LU S, 7L B i FZm s m H S 8 E &
NTNBEZ LML VT ORISR E BT A Z LI33ED
—D2\ 7D,

Ti RN RIZ DWW TE LT 5, Figd O ARIZ RN
L ONTI A0 U 7= HIP 7SV 27 DR OIREE R AN A 79 28,
el SK OBME THIEL L=, 4B ORMEHBITIZIE %
LTEY, A TEIMCE>TEEAEBL LN &R
Syinotz, Fig. 5 ICEIRINE X OVTi B0 7 o X #RlET
PRE =g B, TR LY TIEEMTH D MgBa I
MMz TTi & TiBa D E—7 BB E AL, Z0E— 7 HIZiRN
Bowne L bic k&< oz, TiB: OAEKICHEE L
o7 Ti ik Mg YA MZEB ST, O T MgB2 f:4H
DOBEENLL L TR (T DIFEAEBL LR &
Ez b5, Fig. 6 (a) BELO (b) (TEFINB L O Til0%
WA MgB2 7N/ 2 @ EBSD 15 TH & 4 7= ¥R X 5 fr
(Inverse Pole Figure : IPF) ~ v 7% ZhEiurd 2, £
WA 7 ROBERIEL MgBy ik R L, Zo X L6 (71—
A=V DFEIL B — L DIE) [TRER TN T X LT
TEEELTNWD, FBEHEKIT MgB: #idh O H 3 H
ETERVWEREZRT, 4, MgB. BT EL T 7 AL L
AR BIIRAR O 50 nm LT 72 ENZDFRNTH
Do WISV 7 2% LT Til0% 3V 7 OFESRI N & <
o TNWDH I EBR—RHLTHMND, Zhao HOWE 373 L
FERIZ Ti R—712 X > T MgB2 b3 it < v, MgB: D +E
7R RS HLL T H 2R R OHINC K 0 SRS 3 )
ELzERmTE D,

4. FHEREERE (2) : NILRABHEIZE S MgB, N\
VD DiRIRHIS T

4.1 HIP/NJLY D7)V R ERESEE 3D

SV AFERETIEFig.7 (@) BEY (b) IKENENRT X
VLA RRBLIOATY v MNUIOER A V%
72, Fig.8 OFAKNZAT Y v Milla A c k2 S-HIP#22
2V 7 (EAE 22 mm, JEE 20 mm) DOFEBIRE (W

RIB TS, 56 &6 5 2021 4

4

(a) Solenoid-type (b) Split-type

Fig. 7 Schematic experimental configurations for the pulsed
field magnetization using (a) a solenoid-type and (b) a split-
type coils.
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Fig. 8 Trapped field, Br, as a function of the applied pulsed
field, Bex, for the MgB2 bulk fabricated by the HIP method
using the split- and solenoid-type coils 3! . Inset shows the
typical magnetizaiton process at 13 K during PFM.
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Fig. 9 Trapped field Br at 7s=20 K as a function of the 2nd

pulse, Bex2, of the double PFM process for the MgB2 bulk

composite using the split-type coils with soft iron yokes 32),

Upper inset shows the schematic image of the MgBa
composite. Lower inset shows Bt vs. the 1st pulse, Bexi, at
Ts:20 K.
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