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Development of Medical Protein Screening System using High Gradient Magnetic Separation
by Cryocooler—cooled LTS Magnet
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Table 1. Specifications of the superconducting magnet.

Design Fabrication
Inner diameter, 2a, 60.0 mm 60.0 mm
Outer diameter, 2a, 99.9 mm 98.5 mm
Height, 25 82.0 mm 82.2 mm
Number of turns, N 4546 4311
Self-inductance, L 0.886 H 0.787 H
Current, / 60.0 A 63.1 A
Magnetic field at center, B, 30T 30T
Ro (< R)
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Fig. 1. Electric circuit for excitation of the LTS magnet and
degaussing of the magnetic filter.
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Table 2. Calculated heat load.

1* Stage (55 K) 2" Stage (4.1 K)
Support 0.02 W 5SmW
Vacuum insulation 021 W 0.14 mW
Power leads 54 W
1.0 mW
(Heat leak + Joule heat) (current: 63 A) m
2.0 mW
Eddy current loss B (Ramp up time: 150 s)
in bobbin and flange 6.0 mW
(Ramp up time: 60 s)
0.06 W
. . (Ramp up time: 150 s)
AC loss in LTS winding - 03 W
(Ramp up time: 60 s)
0.068 W
(Ramp up time: 150 s)
1 heat 1 5.6 W 031W
Total heat load (current: 63 A) | (Ramp up time: 60 s)
6.1 mW
(current: 63 A)
Cooling capacity ~6.5W ~045W

- Cooling plate
to 2nd stage
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Fi. 2 ( 3Ddsg of the fabricated LTS magnet. Photograph of
(b) the fabricated LTS magnet and (c) the prototype HGMS system.
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(a) (b) (©) (d) (e)
Fig. 3 Result of solutions in each process: (a) undiluted solution, (b)
recovered solution under a magnetic field of 3 T, (c) recovered
solution after flushing under a magnetic field of 3 T, (d) recovered
solution after flushing in a zero magnetic field and (e) recovered
solution after demagnetization of the filter and flushing.
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Fig. 4. Ratios of trapping and recovery of nanobeads: (a)
non-trapped beads of 84%, (b) trapped beads of 16%, (c)
non-trapped beads of 2.2%, (d) trapped beads of 97.8%, (e) recovery
beads of 0.1% applying 3 T, (f) recovery beads of 8.5% in 0 T, (g)
recovery beads of 55.4% after applying AC 1 T for the Ist
demagnetization of the filter, (h) recovery beads of 19.8% after
applying AC 1 T for the 2nd demagnetization of the filter, (i)
recovery beads of 10.0% after applying AC 1 T for the 3rd
demagnetization of the filter and (j) non-recovery beads of 5.9%.
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