Magnetophoretic Microseparators for Separating Blood Cells
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This paper presents the characterization of a continuous magnetophoretic microseparator for separating
white and red blood cells from peripheral whole blood cells based on their native magnetic properties.
The magnetophoretic microseparator separated the blood cells using a high gradient magnetic separation

(HGMS) method without the wuse of additives such as magnetic beads or

probing materials.

Experimental results show that the paramagnetic capture mode microseparator can continuously separate
out 93.5% of red blood cells and 97.4% of white blood cells from diluted whole blood, and the
diamagnetic capture mode microseparator can continuously separate out 89.7% of red blood cells and
72.7 % of white blood cells by using applying an external magnetic flux of 0.2 T using a permanent

magnet.
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Fig. 1 Working principle of magnetophoretic
microseparator using a high gradient
magnetic separation
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Fig. 2 Direction of the magnetic force on RBC
around a circular ferromagnetic wire within
a uniform external magnetic flux
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Fig. 3 Simulated distribution of the magnetic flux
around a square ferromagnetic wire in a
uniform external magnetic flux
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Fig. 4 Calculation and simulation results of
magnetic force on RBC placed in the
center of the microchannel for (a) PMC
and (b) DMC
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Fig. 5 Design of the magnetophoretic micro-
separator having one inlet and three
outlets of (a) PMC and (b) DMC
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Fig. 6 Microfabrication of the magnetophoretic
microseparator
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Fig. 8 RBCs and WBCs passing through the
microchannel of the PMC microseparator
for various average flow velocities at (a)
0.1 mm/sec with magnetic field, (b) 0.2
mm/sec with magnetic field, (c) 0.2
mm/sec without magnetic field, and (d)
0.05 mm/sec with magnetic field
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Fig. 9 Measured relative separation percentage of
(&) RBCs and (b) WBCs at each outlet of
the PMC microseparator for various
average flow velocities
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Fig. 10 RBCs and WBCs passing through the
microchannel of the DMC microseparator
for various average flow velocities at (a)
0.1 mm/sec with magnetic field, (b) 0.2
mm/sec with magnetic field, (c) 0.2
mm/sec without magnetic field, and (d)
0.05 mm/sec with magnetic field.
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