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Development of Ring-Shaped Strong High-Temperature Superconducting Bulk Magnets
Suitable for Tabletop NMR/MRI

Takanori Motoki
College of Science and Engineering, Aoyama Gakuin University
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A new growth process was established for rare-earth-based high-temperature
superconducting bulk materials, known as REBCO, which have the composition formula of
REBa,Cu;0, (RE: rare-earth element). We have focused on the direct preparation of large,
homogeneous and ring-shaped REBCO bulks suitable for tabletop NMR/MRI applications. A
novel Single-Direction Melt Growth (SDMG) method was developed, which utilizes the
difference in the peritectic temperatures of REBCO with different rare earth elements to
promote unidirectional crystal growth of REBCO bulks along the vertical axis. Using this
technique, we successfully achieved the direct growth of ring-shaped melt-textured bulk
magnets with diameters exceeding 60 mm, where the entire material can be regarded as a
quasi-single crystal. This method enables the reproducible fabrication of ring-shaped bulk
magnets with high homogeneity and reproducibility, and it can be said that the materials
foundation for realizing tabletop NMR/MRI devices has been firmly established.
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Fig.1. Crystal structure of REBa,Cu3;0y (y=7) (a) and
an appearance of REBCO melt-textured bulk (b).
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Fig.4. The direct growth procedure of ring-shaped REBCO melt-textured bulks on a EuBCO seed plate
using the SDMG method.

P reélt pellets EuBCO seed plate

REBCO pellets

- 222 —



NSG Found. Mat. Sci. Eng. Rep.

[ %47 o 720 TAREER 212 seed plate E SV 7 ZYIDBEEL CTY 7NV B2, FHW
BILFEHRTOT == VERBMOBET7 = —VIZEDF ) 7TEZHIM L 2. A
30mm b L <& 35mm. PIf% 10mm ©Y ¥ 74828 SDMG 12 & ) DyBCO V) & 73
V7 OEBBERICKII L7729 &) ¥ 757 DY) v 7 NERO IR 0 454 % Fig.5 12
AT WARGEREE (T7K) TR K 1.8T 8 2 2 IFEFWITH VIS 2R L TWwahs Z &8
Do PERETIER ENRIEDORIRD Y ¥ 75V 21281 5388k (77K, 1.13T) "Ii2ke
RCKBIZEHFLTBY, B—D ) Y Z V21285 v Z NSRS o Raisk s 5
B L7720 SDMG T, S8 —HIICIERUS I DSHEAT 9 5 720, JECH L2 s 2 1 R
NN T DEFMOH A RN L e EZ BN L, FEBICKIMEZ #ED, 7% 50mm
DY)y TERMER Y YNV OBEEFRICH I L72Y, Fig.6 I35 Nn7z3Nv s
% 3MEFERE LCVY) ¥ FNRE & 5l L 728 R E2 R 3. 77K ICB T 200 ¥ 7o8v 7 @
WIS IR 12T RETH ). 3 OB T 52 L T2T 22 5 v IS = EBL L
720

F 72, SDMG ETIIHEEONV  OFFFBER O TH S, —Fl& LT, Fig.7 I T &
) A 35 mm (AR E 2 EEE~30mm) DNV 7 2 A ORIFICERTA 2 L L HETH

2.0

TieaT

7K #Stack2
FCM 25T

B =2.01T

15

growth seed ~389mm (B; > 1T)
0.5  front side

0 z
0 1 L 1 L
0 1 L | L 4] 10 20 30 40 50
0 5 10 15 20 25 z/mm
z/mm

Fig.5. Trapped magnetic field distribution at Fig.6. Trapped magnetic field distribution at

77 K along the height direction inside 77 K along the height direction for

the SDMG-processed DyBCO ring stacked ring bulks.

bulks as shown in Fig.4.

Fig.7. Appearance of simultaneously direct- Fig.8. Appearance of directly fabricated further
grown disc and ring-shaped DyBCO enlarged ring-bulk. (>60 mm in diameter)
melt-textured bulks on a EuBCO seed
plate using the SDMG method.
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