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110 mm

Electrostatic traveling wave (ETW) method

powder

Output of High voltage
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Particle motion modes
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p= dQDipole moment

( ) ( )
( ) ( ) ( )

( ) ( )

-

-

Q Q

Q Q Q

Q Q dx dy dz Q
x y z

+ -

= + Ñ

æ ö¶ ¶ ¶
= + + +ç ÷¶ ¶ ¶è ø

F = E r d E r

E r d. E+ E r

E r E+ E r

!"#!$%&'%($%&)$%*+

!"#!$%&'%($%&)$%*+

( )DEP = ×ÑF p E

Neglecting the higher order terms gives:

Biological cell separation (Beer et al., 2017)
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Comparison of DEP and Coulomb force

Travel direction

Maximum force

Particle with 1% of the saturation charge
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Wave direction (wave length = 6 mm)

46.8 mm / 0.28 s =167 mm/s

50.8 mm/ 0.14 s = 362 mm/s

Frequency: 30 Hz

Motion direction

Motion direction

Polyethylene Diameter：300-400 µm
Density：0.7*10^3 kg/m^3
Relative permittivity：3.2
Easy to get charge

Wave velocity: 30*6=180 mm/s 

Frequency: 60 Hz

Wave velocity: 60*6=360 mm/s 
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Ballotini

Diameter：300-400 µm
Density：2.5*10^3 kg/m^3
Relative permittivity：3.7
Hard to get charge
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Particle size Voltage 
amplitude

Voltage 
frequency Wave direction Total 

mass: 5 g
Total

mass: 10 g

70-110 µm 1500 V 20 Hz Forward 
collection: 4.88 g

Forward 
collection: 9.63 g

Particle transportation
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Voltage amplitude: 1500 V
Voltage frequency:  160 Hz

Collection 
(Forward)

Collection 
(Backward)

0.5 

0.21 

0.5 

0.4 

0.06 0.03 

70-100 µm 

300-400 µmMass (g)

Results

Concentration
87% 

87.5% 

Recovery
42% 

80% 

!"

Particle Separation 1

Original
composition 
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Collection 
(Upward)

Collection
(Downward)

1.0

0.49

1.0

0.79

0.090.06

70-100 µm 

300-400 µmMass (g)

Concentration
90% 

89% 

Recovery
49% 

79% 

Voltage amplitude: 1500 V
Voltage frequency:  160 Hz
Other factors :Vibration, tilt angle and feed rate

Original
composition 

!#

Particle Separation 2

Results
Wave direction
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Applications：

Theoretical development：

Physical model （2D）

Experimental research 
（High-speed camera video）
Theoretical analysis— dielectrophoresis

Particle size

Field frequency

Practical application ：

Particle transport

Particle separation by size

(Images credit to Google)

Overview
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Conclusions

Yue Yu (yy2120@ic.ac.uk), Jan Cilliers, Kathryn Hadler, Stanley Starr, Yanghua Wang

Ø The effect of dielectrophoresis on particle’s motion has been 
revealed

Ø The ability for the transport of large amount of small particle 
has been verified 

Ø Different sizes of particles have been separated in terms of 
different motion directions


