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Temperature Changes and Magnetic Properties of Melt-textured Superconducting Bulk

Magnets in the Magnetizing Processes using Quasi-static Magnetic Fields

Tetsuo OKA ™", Kazuya YOKOYAMA ", Hiroyuki FUJISHIRO ™ and Koshichi NOTO™

Synopsis: The temperature changes and magnetic-field trapping behaviors of melt-textured, single-domain Sm-Ba-Cu-O bulk

superconductors have been precisely investigated for magnetizing processes by means of quasi-static magnetic fields such as field

cooling (FC) and zero field cooling (ZFC). The experiments were conducted in the temperature range of 40-80 K by

simultaneously measuring both the temperature and magnetic flux density. According to the balance of heat generation and

drainage, the temperature evolution profiles show distinctive behaviors of the invading and exhausting magnetic fluxes into and

out of the HTS bulk magnet. The average temperature change during the FC process reached the maximum value of 4.63 K when

the sweep rate was 11.3 mT/s and the initial temperature was 45.6 K. In the ZFC process, both the temperature and magnetic flux

density kept increasing gradually even after the external magnetic field stopped growing at 5 T in the ascending field process. The

highest temperature rise due to the flux motion reached 4.6 K even when the sample was magnetized with at sweeping rate of

11.3 mT/s. As the behavior of temperature rise was different between the ascending and descending field processes, it is

suggested that the magnetic fluxes in the processes invade and diffuse under different heating characteristics.
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Fig. 1 Illustrations of the magnetic pole of the experimental setup containing a HTS bulk magnet (a), and the positions
of the thermocouples and a Hall sensor on the bulk magnet surface (b).
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Table 1 Temperature changes at the center of the surface during FC
magnetized bulk magnet
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SV\E;‘?'_F;SF;“G temp(e Kr)atu re Time (s) T;rg pnegr:?lj(r)e
113 57.7 520 55
5.06 58.0 1069 3.6
253 57.3 2095 25
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Fig. 2 Magnetic field distribution measured on the magnetic pole surface activated by the FC process (a), and a
cross-section of the magnetic distribution as compared to those of ZFC (b).
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Fig.3 Temperature changes measured on the bulk magnet
sample surface (thermocouple T1) during the FC process.
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Fig. 4 Time evolutions of the temperatures at the center of
the surface during the FC magnetizing process.
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Fig. 5 Time evolutions of the average temperatures and the magnetic fields on the bulk surface by the FC process with sweep rates (a)

11.3 mT/s and (b) 2.53 mT/s.
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Fig. 6 The maximum values of the temperature changes
and the trapped magnetic flux densities during the FC
magnetizing process as a function of the sweep rates.
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Table 2 Temperature changes (K) in the ZFC magnetizing process

Sweep rate Initial Temperature Trapped field
(mT/s) temperature (K) change (K) (M
456 46 4.54
48.4 47 4.54
"3 57.3 43 4.18
68.1 35 2.79
47.6 22 4.56
48.9 26 4.57
253 58.6 21 4.27
68.3 1.8 3.06
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Fig. 7 Time evolution of the average temperature and the
magnetic flux density measured on the bulk surface using a Hall

sensor during the ZFC process.
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Fig. 8 Time evolutions of the average temperature and magnetic flux density during the ZFC 5 T process with a sweep rate of

11.3 mT/s in the (a) ascending and (b) descending field stages.
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Fig. 9 Time evolutions of the average temperature and magnetic flux density during the ZFC 5 T process with a sweep rate of

5.06 mT/s in the (a) ascending and (b) descending field stages.
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Table 3 Temperature changes (K) in ZFC magnetizing process
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Sweep rate Direction
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(mT/s) (K) Hup Hdown

50.7 3.5 1.6
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60.6 4.6 1.1
50.5 3.8 -2.1
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