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Development of Magnetic Separator for Biomaterials Labeled by Magnetic Beads
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Magnetic separation is an important method of purifying of cells or DNA. A properly designed magnetic separator causes less
physical and chemical damage to a target and has a high separation rate. This paper presents a new high-throughput continuous
magnetic separator for biomaterials labeled by magnetic beads. The separator consists of three rectangular coils, two circular coils,
and a separation chamber. These instruments were designed by a numerically analyzing of the magnetic field and the movement of

magnetic beads. A separation rate over 90% was obtained with this system in a separation test using magnetic beads.
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(c) X-axis magnetic field H., which has
positive strength and positive gradient
along x-axis.

Fig. 3 Gradient magnetic fields for magnetic separation.
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Fig. 4 Arrangement of infinite length conductors for generating
uniform magnetic field.
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Fig. 5 Uniform magnetic field generated by infinite length con-
ductors.
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Fig. 6 Area of calculation for determining coil dimensions.
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Fig.7 Maximum magnetic field uniformity £ at each ratio of
height and width of rectangular coils (h/w).
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Fig. 8 Minimum magnetic field gradient dB,/dx at each ratio of
interval d, and diameter d circular coils (d./d).
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Table 1 Coil dimensions and number of turns.

Width of rectangular | 8cm | Height of rectangu- | 16cm
coils lar coils

Diameter of circular | 4cm | Interval between cir- | 4.4cm
coils cular coils

Number of turns 140

(a) Uniform magnetic field
generated by rectangular coils

(b) Gradient magnetic field
generated by circular coils

-0.01 2 (m)

(c) Gradient magnetic field generated by
rectangular and circular coils

Fig. 9 Calculated magnetic field for all coils.
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Fig. 10 Calculated and observed magnetic field of coils at y = 0.
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Fig. 11 Magnetic separator for preliminary experiment.

Fig. 12 Micrograph of Magnetic beads CM-10.
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(a) Before separation

(b) After separation
(Negative selection)

(c) After separation
(Positive selection)

Fig. 13 Images of magnetic beads for three situations.
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Fig. 14 Number of magnetic beads counted from micrographs
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Fig. 15 Separation rate for all flow rates.
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