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> Separation of micro- and nanoparticles
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1. Dielectrophoretical filtration
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2. Increase electric field disturbance by
structure in iDEP and DEP filtration V
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> Induced field inhomogeneities

Insulator-based DEP:

» different dielectric properties
between materials

» induced electrical field
inhomogenities
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> Induced field inhomogeneities

Insulator-based DEP: Dielectrophoretical filtration:
» different dielectric properties » Scattering material is highly
between materials porous, i.e., afilter

» induced electrical field | Uu=0v
inhomogenities .
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> Dielectrophoretical filtration

Suspension .
(O: Original Sample) » Separation of layer-by-layer
, assembled nanocapsules from
polyelectrolyte of identical charge.

Re-Suspension

(B: Backwashing Sample) 2

1
|

Polyelectrolyte
(D: Sample after
DEP filtration)

Pure water

1. separation cell, 2. valve, 3. pump, 4. filter,
5. electrodes
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> Dielectrophoretical filtration

Suspension
(O: Original Sample)

Re-Suspension
(B: Backwashing Sample)

Polyelectrolyte

(D: Sample after
DEP filtration)

Pure water

1. separation cell, 2. valve, 3. pump, 4. filter,
5. electrodes
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» Separation of layer-by-layer
assembled nanocapsules from
polyelectrolyte of identical charge.

40 Filter pore size
X —@— 20-60 um L4
T30 - 40-100 um
g —A— 80-130 um *
5 ¢
S
20
s U =200 Vet
® f=210kHz
=10 +
2 ! Q=60mLh"!
& dparticle =340 nm
0 I I

1 1.5 2
Filter thickness h / mm
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> Dielectrophoretical filtration

Suspension .
(O: Original Sample) » Separation of layer-by-layer
, assembled nanocapsules from
Re-Suspension polyelectrolyte of identical charge.
(B: Backwashing Sample) 2
40 — .
1 | Filter pore size é
< X —@— 20-60 um
S30 [ -~ 40-100um
g —A— 80-130 um *
| P | O 5 ¢
T2}
Polyelectrolyte s U =200 Vei
(D: Sample after B0l f=210kHz
DEP filtration) s 1 R 0=60mLh~!
& dparticle =340 nm
ol ‘

1 1.5 2
Filter thickness h / mm

Extrapolation: 100 % separation at 6 mm

Pure water

1. separation cell, 2. valve, 3. pump, 4. filter,
5. electrodes

thickness
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> Dielectrophoretical filtration

» Easy recovery of trapped
particles by switching off the
electric field

» Separation of particles 2 orders
of magnitude smaller than filter
pore size

» Comparably low pressure loss
> No filter cake formation /
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Separation step
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ﬁa rticles trapped
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— on particles

Fouling
Uu=0
Recovery step
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> How to intensify E field distortion? (V|E|? 1)

Transfer to
Unit Cell
—
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> How to intensify E field distortion? (V|E|? 1)

\ Transfer to
Unit Cell
—

» Geometry
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> How to intensify E field distortion? (V|E|? 1)

1.0-10%2

1.0-10%

1.0-10%0
Transfer to

Unit Cell
—

1.0-10°

1.0-108

0-107

structu re

1.0-1012

Less polarizable

1.0-10%
1.0-10%°

1.0-10°

)
B |

» Geometry » Material

1.0-108

1.0-107

More polarizable structure
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> Scattering of the electric field

V(e*Vp)=p ¢ - electric potential, p = 0 for charge free space
E=-v¢
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> Scattering of the electric field

Poisson’s equation

V(e*Vp)=p ¢ - electric potential, p = 0 for charge free space
E=-v¢

e =eoer -5

» Neumann BC for insulating

boundaries
6(/)_
%—O

» Dirichlet BC for electrodes

¢=Up
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> Scattering of the electric field

Poisson’s equation

V(e*Vp)=p ¢ - electric potential, p = 0 for charge free space

E=-Vo

e =eoer -5

» Neumann BC for insulating

boundaries
6(/)_
%—O

» Dirichlet BC for electrodes

¢=Up

» ¢* is frequency dependent,

» Scattering of electrical field lines
at material interfaces:

Eixni=E;xny,
ETE1 -ny :5;E2-n2

» Tangential components are
continuous across interface

» Normal components changes
value according to ¢*.
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> Simulation geometry

Simulation study to understand Experimental setup to validate

influence of material and structure:  simulation results
(Comparison of particle trajectories

and velocities)

electrodes

PVC

water + single particles

(p, =200V
w = 1250 kHz

} NS
7120 gpesch@uni-bremen.de Graduierterkolleg &
www.mimenima.uni-bremen.de |




> Influence of frequency/material

EZO
®; =200V 2 ‘ ¢,=0
€y, 0
99 _
on ~
13 mm
» Water:
=80,01=5.5-10"S/m
» BaTiOs:

€5, =10000, o, =10"12 S/m
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> Influence of frequency/material

on _ 0 More polarizable =%
Less polarizable =
re[K]

110 Maximum polarizabilit

AN

A -0 Al

®,=200V 9, =
ANRRRNNRRRRNANASN
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&, 0 B .

3% N

2. .

on
13 mm

» Water: inimum polarizability
£1=80,01=55-10"%S/m T 100 102 10 106 108
» BaTiO3: it
€5, =10000, o, =10"12 S/m
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> Influence of frequency/material

[SUEY
318
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; =200V
€, 0q
99 _
on
13 mm
» Water:

¢,=0

€1=80,01=5.5-10"0S/m

» BaTiOs:

€5, =10000, o, = 10712 S/m

» Opax points towards maximum
(E-V)E on the surface

1.5 1012
T H
i .
] e |
g _\ N €
© 05| L1 110m%
< vl ‘#
o >
= w
0
re[K] ——
(E - VE) max
max T
0.5 L . . 1010
100 102 104 106 108
w/Hz

» Stronger electric field distortion if particle is
better polarizable (Re[K] = 1)

> Particle exhibits minimum of polarization if

Re[K]=0

> ((E-V)E)max switches position
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> Influence of geometry

h
w €,0
E-], 01

Aspectratio=w/h w

1014 . . . . . . .
/ AN 06 08 1 12 14 16 18 2

AR <1 AR > 1 Aspect ratio w/h

» Optimal AR dependent on frequency
w =10 mm
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> Influence of geometry

/ 1019
7
r €
<1018
=~
€, 0y L — g
w10t/
1016 . . L L

6 8 10 12 14 16
Radius, r / mm

» ((E-V)E)max increases with decreasing radius (sharper tip)
» Effect is more pronounced if structure is less polarizable
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> Conclusion

|U >0V
> Separation of small particles in
comparably large pores

» No fouling
» Low pressure loss

» Easy recovery
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> Conclusion

Insulator-based Dielectrophoresis
(iDEP)

[
VE-E/VZm~3

» Scattering of electric field is
influenced by structure and
material

» Particle movement can be
optimized with ideal design
parameters

U>0V

2
o X

» Separation of small particles in
comparably large pores

» No fouling
» Low pressure loss

» Easy recovery
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> Outlook

e
3337

» Higher trapping in flow devices
with optimized structure and
material

» 2D filter model
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> Outlook

Large difference in High open porosity (Apl)
dielectric properties (V|E| 1)
[ NN Y

Sharp tips at pore windows(V|E|?1)

» Higher trapping in flow devices » Transfer of knowledge to
with optimized structure and produce ideal filter
material

» 2D filter model
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> Influence of flow rate on separation
efficiency

Specific flow rate g / mL h=1 m—2
3.70 7.41 11.11 14,81 18.52 2222

‘ —m— With DEP
X30 —f3- Without DEP
B
C
o
220 ¢
()
C
S
©10 |
[5+]
Q.
(<]
(%]
0
20

Flowrate Q / mL h~1
f=210kHz, U =200V, d =20-60 pm, h =1 mm.
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> Influence of filter pore size on separation
efficiency

40

—m— With DEP
—f3-— Without DEP

w
o
T
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——————————————— -
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20-60 40-100 80-130
Pore size d / ym

f=210kHz, U=200V,Q=30mLh~", h =1 mm.

Separation efficiency / %
N
o
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> Influence of voltage on separation efficiency

Electric field strength E/V m~1
8 8.5 9 9.5 10

N
(6,1}

—- N N
o (O, o
T T T

(9]
T

Separation efficiency / %

o

160 180 200
Voltage input U/ V

f=210kHz, Q =30 mLh~", d =80-130 um, h =1 mm.
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> Recovery of trapped particles
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Recovery flow rate: 360 mL h—1
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> Semi-continous application for particle
recovery

X100
~ —m— Separation
? —-F- Recovery
& 80 | Separation Recovery
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> Proof of simulation model

pDEP particles:

nDEP particles:
Insulating PVC post in water.

Insulating PVC post in water.

Ionic exchange catalyst particles PS particles (d =500pm).
(d ~500pm).
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