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Our DEP approaches
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Urban mining

Material-selective waste recovery...
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Our DEP approaches
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Du et al. (2008), Separation Science and Technology 43(15)gold mineral

250 µm
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DEP motion and electrode design

F.1S = 2�r3�K_2
⇥
ƒ̃*J
⇤
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electrode-based designs
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DEP motion and electrode design
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electrode-based designs
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DEP motion and electrode design
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inlet, outlet, electrodes

vEK h limited by
production
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electrodeless designs
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DEP filtration

Separator

Dielectrophoretic trapping:
Immobilization of particles in 
field traps via positive DEP

~~~
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DEP Filtration

Fig. 1.2� 4FQBSBUJPO PG d1 = ���ON -C- QBSUJDMFT GSPN TVTQFOEJOH QPMZFMFDUSPMZUF TPMVUJPO VTJOH EJFMFD�
USPQIPSFUJDBM mMUSBUJPO� ɨF FMFDUSJD mFME XBT HFOFSBUFE CZ BQQMZJOH ��� 73.4 PWFS B HBQ PG
�� NN XJUI B TJOF XBWFGPSN PG GSFRVFODZ ��� L)[� ɨSFF EJĊFSFOU QPSF TJ[FT IBWF CFFO UFTUFE
BU B nPX SBUF PG ��� N- NJO¦� VTJOH B mMUFS XJUI � NN UIJDLOFTT 	B
� "MTP JOWFTUJHBUFE XBT UIF
JOnVFODF PG UIF mMUFS UIJDLOFTT GPS UIF TBNF mMUFS QPSF TJ[FT BU B nPX SBUF PG � N- NJO¦� 	C
�
	1FTDI FU BM�
 ����


DPNQBSFE UP DPOWFOUJPOBM mMUSBUJPO QSPDFTTFT� ɨF QBSUJDMFT DBO UIFSFGPSF CF TFQBSBUFE XJUIPVU
NFDIBOJDBM TUSFTT BOE FBTJMZ SFTVTQFOEFE JOUP B EJĊFSFOU TPMVUJPO� 8IFO WPMUBHF JT BQQMJFE
	'JH� ��� "

 UIF QBSUJDMFT BSF EJSFDUFE UPXBSET UIF BMNPTU JOmOJUF OVNCFS PG mFME USBQT JOTJEF
UIF mMUFS� %FQFOEJOH PO UIF QPSF TJ[F BOE UIF WPMVNF nPX UISPVHI UIF QPSFT
 UIF QBSUJDMFT IBWF
NPSF PS MFTT UJNF UP USBWFM UPXBSET UIF USBQT 	UIBU EFmOFT UIF TFQBSBUJPO FċDJFODZ
� " TDIFNBUJD
PG UIF TFUVQ JT TIPXO JO 'JH� ��� #� "T B QPSPVT NFEJVN QPMZFUIZMFOF 	1&
 mMUFST 	%*"�/JFMTFO
(NC) � $P� ,(
 XJUI EJĊFSFOU QPSF TJ[FT 	∼��o��� �N
 BOE UIJDLOFTTFT 	�o� NN
 XFSF
VTFE� " UJUBOJVN HSJE 	NFTI TJ[F ��� NN�
 XBT VTFE BT UPQ FMFDUSPEF BOE B TUBJOMFTT TUFFM QMBUF
	7�"
 BT CPUUPN FMFDUSPEF� ɨF EJTUBODF CFUXFFO UIF FMFDUSPEFT XBT �� NN BOE UIF FĊFDUJWF
mMUFS BSFB ���� NN�� ɨF -C- OBOPDBQTVMFT XFSF TVTQFOEFE XJUI B DPODFOUSBUJPO PG ��� �X�X
JO ��� . /B$M TPMVUJPO XJUI �� N. /B"D CVĊFS BOE � H -¦� 144�

"GUFS UIF TFQBSBUJPO TUFQ JU XBT QPTTJCMF UP TXJUDI UIF WBMWFT 	XJUI UIF mFME UVSOFE PĊ
 BOE
UP nVTI UIF TFUVQ JO UIF SFWFSTF EJSFDUJPO XJUI B TVJUBCMF CBDLXBTIJOH MJRVJE 	QVSF XBUFS JO
PVS DBTF
 UP SFTVTQFOE UIF USBQQFE QBSUJDMFT� 4FF BMTP UIF JOTFU JO UIF mHVSF� UIF QPMZFMFDUSPMZUF
TPMVUJPO XBT USBOTQBSFOU XIFSFBT UIF QBSUJDMFT JUTFMG XFSF SIPEBNJOF MBCFMFE BOE UIVT QJOL JO
DPMPS�

*U JT QPTTJCMF UP PCTFSWF B DMFBS EJĊFSFODF JO TFQBSBUJPO FċDJFODZ XJUI BOE XJUIPVU BO BQQMJFE
FMFDUSJD mFME 	DG� 'JH� ��� B
� ɨF TFQBSBUJPO FċDJFODZ JT EFmOFE BT UIF QFSDFOUBHF PG QBSUJDMFT
GSPN UIF JOQVU TUSFBN UIBU XFSF JNNPCJMJ[FE JO UIF mMUFS BOE JU XBT NFBTVSFE XJUI 67�7JT�
8JUIPVU BOZ mFME
 UIF TFQBSBUJPO FċDJFODZ JT CFMPX �� � GPS BMM JOWFTUJHBUFE QPSF TJ[FT� XJUI
BO BQQMJFE mFME 	��� 7 PWFS �� NN
 JU JODSFBTFT UXP UP UISFFGPME UP WBMVFT PG ��o�� � XJUI B
NBYJNVN PG �� � BU B nPX SBUF PG ��� N- NJO¦� VTJOH B mMUFS XJUI B UIJDLOFTT PG � NN BOE
��o�� �N QPSF TJ[F� ɨF TFQBSBUJPO FċDJFODZ BMTP TIPXT B TJHOJmDBOU EFQFOEFODF PO UIF mMUFS
QPSF TJ[F� JU JODSFBTFT GSPN �� � BU ��o��� �N QPSF TJ[F UP �� � BU ��o�� �N QPSF TJ[F�

ɨF TFQBSBUJPO FċDJFODZ BMTP EFQFOET PO UIF UIJDLOFTT PG UIF mMUFS� "U B nPX SBUF PG
� N- NJO¦� BMM UISFF QPSF TJ[FT TIPX B TFQBSBUJPO FċDJFODZ PG �o�� � 	DG� 'JH� ��� C
 OPUF UIF

6 Chapter 1 Prologue

Separation of 340 nm LbL particles
200V over 2 mm
1 mL min-1
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Pesch et al. (2014), Separation and Purification Technology 132

1–electrodes, 2–filter

Suspension

2

1Permeate out
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Model filter

field max (it‘s a trap!)

simplify
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How do we design this?

vF, E0
dP

dS
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vF, E0



Department of
Chemical Process Engineering

Georg R. Pesch
gpesch@uni-bremen.de

Polarization of a single post
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Pesch et al. (2016), ELECTROPHORESIS 37(2)
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Polarization of a single post
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Pesch et al. (2016), ELECTROPHORESIS 37(2)
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So… how do we design this now?

H
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Pesch et al. (2017), Journal of Chromatography A 1483

vF, E0
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Trapping potential of a single post

H
vF, E0
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Pesch et al. (2017), Journal of Chromatography A 1483
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Trapping potential of a single post

vFHcrit , E0

dP

dS

1/x
x2
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Pesch et al. (2017), Journal of Chromatography A 1483
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Trapping potential of a single post

vFHcrit , E0

dP

dS
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Pesch et al. (2017), Journal of Chromatography A 1483
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Particle separation in the model filter
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Particle separation in the model filter
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Pesch et al. (2018), Scientific Reports 8:10480
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Particle separation in the model filter
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Post diameter dS = 262 µm, 
Post-to-post space d = 100 µm
Particle diameter dP = 1 µm
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Particle separation in the model filter
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Post diameter dS = 262 µm, 
Appl. voltage ∆V = 1050 VRMS
Particle diameter dP = 1 µm
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Particle separation in the model filter
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1/x

x2

Particle separation in the model filter
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Particle separation in the real filter

pore size 130 µm
porosity 83%
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2 cm
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Particle separation in the real filter
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Fit
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Recovery?

Intensitiy represents number of particles
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Conclusion and Outlook

200 400 600 800 1000 1200 1400

Applied voltage, V (VRMS)

0

20

40

60

80

100

S
ep

ar
at

io
n 

ef
fic

ie
nc

y,
 

(%
)

hS = 262 µm 
d = 100 µm

a. Symbols: Experiments, Lines: Simulation

Q = 0.05 mL h
1

Q = 0.1 mL h
1

Q = 0.2 mL h
1

&

Ø Two devices, one for observation, one for
high-throughput.

Next steps:
Ø Selectivity (real separation problems)
Ø Porous medium structure influence
Ø Enrichment!
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