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Dielectrophoresis (DEP) is the electrokinetic motion phenomena of dielectrically polarized particles in a
nonuniform electric field. DEP has found many useful biotechnological applications including separation,
levitation and characterization of dielectric particles and biological cells. In this study, the authors propose a
new type of the electrostatic filter for liquid cleaning by utilizing the DEP force to eliminate fine particles
from the suspension liquid. The filter consists of an electrode system that is filled with many dielectric
particles. These particles modify electric field distribution in the electrode system so that the strong DEP
force is generated on their surfaces. If the DEP force is stronger than the drag force exerted by streaming
liquid in the filter, the suspended particles can be trapped and eliminated from the liquid. It was experimentally
confirmed that the proposed filter could continuously eliminate yeast cells suspended in water. The results
indicated that the cell concentration at the filter outlet decreased from 106 cells/mL to 10" cells/mL in about
an hour. Optical observation of cell behavior in the filter revealed that cells were trapped mainly in the high
electric field region by positive DEP. The proposed DEP filter can control trapping and releasing process just
by adjusting the applied voltage or the resultant DEP force.
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Fig.2 Electric field distribution around a dielectric bead.
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Fig3 Experimental setup using a model electrode.
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Table 1 Parameters for numerical calculation.

Component Parameter Typical value

Cytoplasm Relative permittivity 50
Conductivity 200mS/m
Radius 4um

Membrane Relative permittivity 6
Conductivity 0.25uS/m
Thickness 8nm

Cell wall Relative permittivity 60
Conductivity 14mS/m
Thickness 0.22um

Medium(Water)  Relative permittivity 80

: Conductivity 0.2mS/m
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Fig.7 Effects of suspension liquid conductivity on Re[K]
spectra of a yeast cell.

F— S ETED L, FOBINFIE—E LR 7= (BEE).
AL, BREE99.999% TS TB. RSIKRLEET I
BHWATORAKREZEET 2 &, CZORERTIRIEDS
FEXEN NI L > TH I AE — XEH OB FEF I E
EINEEDTHBEEILNDS. BBCEEEFICRT
L, HEER—BADBEOKNSEETREL, TOBA
D¥eE LR UEE R - (CHEK). i, BEBETHS
A E—RAEEICHE S N T 2B —F RBR P B
HENZZEEZRLUTNS.

418 THRNELIIR, BRETOEACBNTI,
B4 OEPMEBNCH S A — AR ITEKH INSLD D,
PR/ =)V F o1 VIRICER U BN E L o THEIN
LEENWEN 0T, TDTENE, T4IIVFRATOH
OHFBEEMENESITH, HORMMNEZ DI WD
BRESRIN, 74V FEEMETFT 2 EBERD
N5, FIT, N8OBEAKICBITBRMEE T 4 IVF AL
DHEBEEZBCITTHELUABRERITRT. AKX
D, FNEER TR, DRECLSTEE—E
THO, FEEXEYT 4 )Y B3HHRED 10cells/mL LA LT
L, EICEMET B ENHREINEZ. T4V EHE
BT 25a, oD BT 2 ERES —E/EUT
WCETEMTS 2 ENERINDD, KIORRI DM
WEEAYELE &, R TH DR 2 —E L ~OVBL R
WTEBZENDND. FEE, BE 10Ccells/mL DFETL
95 5 TR TBR (10'cells/mL) BA TS E THA T 5 Ot
LT, BB 10°cells/mL OB 45 e ET 5.

BEIXE T 4 VY CEICEVRREBBRER LT T,
74 FHOOEEEZHE LU EHRERINR Y. LB
BAATS 1 IR E CIREBERES LET 2%, 1REEZR

—O— A:Without voltage
108 —@— B:With voltage
—O— C:Without voltage

’
!

-t
(@]
~

—
[
™

"y
Q
>
T

Outlet cell density {cells/mL)

mi
107 ] \r“
0 20 40 60 80 100 120 140 160

Time (min)
8 FBBIKE T 4 NI B OBIEKFNE

Fig.8 Temporal variation of cell density at filter outlet.
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