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Particle Loss Reduction Technique Using Dielectrophoresis in Microfluidic Channel

Dong-Hyun Kang!, Min-gu Kim?, and Yong-Jun Kim!-*

Abstract

This paper demonstrates a novel electrodynamic technique to remove particles from the wall of microchannels. Dielectrohporesis(DEP)

is generated by applying alternating electric potentials to the interdigitated electrodes integrated at the bottom of the micro-channel. The

proposed technique is applied to a general microfluidic channel as a feasibility test.To examine the wall loss reduction efficiency, 10 #m
diameter Polystyrene latexes(PSL) were supplied to the inlet of the device. Then, the concentration of collected particles through devices
was measured. In the experiment for 10 ym diameter PSL particles, the concentration of the injected particles was 174.25 < 104
particles/ml. However, the concentration of collected particles at the outlet was 52.25 X 104 particles/ml. Only 30 % of particles had arrived
at the outlet and 70 % of particles had adhered to the wall of the microfluidic channel. By applying alternating electric potentials from 0 to

20 Vi,

at 3 MHz, the concentration of injected particles was 135.00 X 104 particles/ml, the concentration of collected particles was
increased as 105.25 X 104 particles/ml at 20 Vpp at the outlet. When the electric potential was 20 V

pp» the particle loss was decreased by 39

% (initial loss: 70 %, loss at 20 Vpp: 31 %) with 10 xm particle. The particle loss was decreased along to the incensement of electric
potentials and the enlargement of the diameter of particles. According to these measured results, it was confirmed that the proposal of using

DEP technique could be a good candidate for particle loss reduction in micro-particle processing chip application. Moreover, it is expected
that the proposed technique could enhance performance of microfluidic and biochip devices.

Keywords : Particle Adhesion(J&5-2}), Microfluidic Channel(m|Al¢-41g), Dielectrophoresis((-2$1%)

1. M

o] © Z(biochip)> A& &4
AlZ T 2 AR E T RheA e 2
29 8= A YR T EA AR hybrid device)olt}, @A) vt
0|2 F7|wAT, IR 5o FofollA FAAHQ WIS
doz Zlog 8 vk glry, 53] 77l thgh Tilo] =okA|
A AR A A7PEEE Ak vho] 3ol gt At 2
3] o] oA L 91T, 21,

BRo] Q4.2 tfHE n|A|8-A A (micro fluidic channe)E ©]
FoAAH[3, 4], vAFAAN S-S F2 PDMSe}F 22 EejH A E Y
EAE WHEoA)7] hiizel AdY lﬂ—r"ﬂ AR HAtE= a”"]
HPgsHA Eb, 6], Hho] 23] A FAE Ao Fol FiL

o] g QA Fato] o 2 U ?‘i . Ot nlAlAl A LH

lA N th 8t 7] Al 28 (School of Mechanical Engineering, Yonsei
Unversity)

269 54 22 YPG (Hyosung Power & Industrial Systems Performance
Group)

*Corresponding author: yjk@yonsei.ac.kr

(Received : Jun. 30.2011, Revised : Aug. 10. 2011, Accepted : Sep. 19.2011)

-357-

of Ap 72 A HL% P 2] S GEATI, o

7|0 %35}5}.

719 A W YAb w2k A4
HHOR =2 oS ol8shs W 8
Number)E 085t} 25 HATH= W
HHH[10], S2Hacoustic wave)E o|8sl= o] glom(11], 2t
29l v o & AHEIAIE ARske W ol SlTHI2l,

s wAlA Aol A

2]
Azt Ago] 27hssto] § A7t Rk, 250} 9 FUkE ©f
H
[e)

2 Eg]Z9]
glo l“""_"\(Reynolds
9], ZSTHultrasound)

=24 Y w2 7UE olgeke

>

=2
Ll
o

_O,L

rlr

=orlr

o

3 2
S ) ABAE A 2 Al AdeA
NRE SRA7I To] 9lo] Aol Alofo] wict

JSST. Vol. 20, No. 5, 2011



[70] Dong-Hyun Kang - Min-gu Kim - Yong-Jun Kim

# #
; Fpep :-
# #
] Particle =
» »
+ F, adh =
Fig. 1.Net forces in microfluidic channel.
B AT HE TR ALY 714 S §AAE
(dielectrophoresis)= o83t} TAlFAIANE e Az} £

W25l A &4 (particle loss) A716-& Attt A¢ts
Az} K2t Bx]7]%-2 71t MEMS 348 58 2n|AlAzeke]
A3t golabn chafst 29 wAlgA G go] 7153t
th, E3k TAE glo] nAlgAIA ol AT G0l 7Hssit,

21 0|2

SRS AAEOIA] Qe Saelo] ol wlAlS AR R
A ey, 2 Aol $HAFEE olgsto] Ro] Hake
She A AQHIT TASAAY Yolxe] Rateln 4
2 Fig, 1014 R=A3 o] wiisoz gJAjol 2831
. olu), $H5eo] Rateinrt AN A YA uASA)
Yol WolA| Lo Fiek, o] 2g ke £ 19 el
SAGEe ot 2o 4w 4 olrt,

L of

i}

2.1.1 22

olkele] SoloA] Bl M, DNA, i 59| QA2 3
29 BHes vlo UL AN 722 ololAld,
AR Ustoll Al QAHz ofe 7] 39] 2ol ofah Apde]
wofl Szt Erk, o] s 19 HatelFadn)e A (1)
3} o] ol

Fadh e FV + FE M

ol Fy= W 2EA(Van der Waals)go|H, Fe 44714
o1& (attractive electrostatic force)o|t}, F-2Hele “}Eﬂem’\?ﬂ
o] AujHolm 1 ofof| QJxjet w7 HH 7| Aol gt 2l
o] oJske- m]zth,

H}:ﬂem/\zﬂ FV% Al (

¢

(2)9} o] Hojet

JSST. Vol. 20, No. 5, 2011

o Ad
V" 12h2

@

AE Hamakerd4, d= 492

A, b St ¥ AjolelAe)

Fp=— 3

Kpe HlEA, g & A8k, xye W dsiete] #2742
oft,

B3 QYL dAe] S40) FHY - AT ¢ e
= 2t E3H A7) ot S4E He @i, DNA 59 Hiole
YA 7-olle Y714 Qo] vhe| =AY H u$- Zof &

A2 = ek [13). whebA) QAbe] R e i 2 Aol oe) 2
A= A (@2 o] Ehdol Ty,

Faan = Fy @)

>

30

)| 3F 2~ 0l o

wreba] RS AAksl] $af B 2HAadS ALkt o
Hamaker A5 6.6x10719 J, 29} HAlo]9) A2 h= 0.4 nm
2 AXkelgicH14, 15).

U LA S0 gl Ak WA AT A7)l
42 9

d

2 : 3% (dielectrophoresis)2ta gt
ot A=) o]l A A7FsHAEH vl det A7) o] HAYst
A {E]_EP. H]&%f& A7EE ‘“c‘i ]730 ‘IH Ut 288l
4959 FDEP

p

Fpep = 27”'3571'1 Re(fCM) V(Erms)z )

r< AR Wy g, & A9 A& (permittivity), fCM

1

Clausius—Mossotti factor, B, 27132 rms(root mean

6)2F 2ol 4]

square) #folth. Clausius—Mossotti factore 4] (
ot

* *
fou =—E—" ©)
CM — % *
& + 2¢gy

o} g 0 7} 7} ch}e} 9] B gl et ud

o] BAGAES A (1), (7 220 vhehd % gk

& =& — ] (%) ™
£ =g —j (%’") ®)

o}71A4] o= 714 = % (electrical conductivity)

’

-358-



Particle Loss Reduction Technique Using Dielectrophoresis in Microfluidic Channel [ 711

Table 1. Relative permittivity and electrical conductivity of Lolg oako Hola = T E 34Tt nASA A Y vl
polystyrene particle and DI water Sinterdigitate(IDT) Be}o] As:60 m, d:20 m)S HjAI5te]
Material & | omShm)  mgAke oblslgon] HFUR AR WANA $AGE
Polystyrene 25 0.8 o] {AlE 4~ Q=& i)
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Fig. 2.Theoretical estimation of real number of Clausius-Mossotti Fig. 3. Comparing DEP force with adhesion force as a function of
factor. particle diameters.
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Fig. 7. Particle adhesion in microfluidic channel (a) Without electric
potential, (b) 20 V.,

Table 2.Number concentration of input and output particles

(104 number of particle/ml)

Applied voltage(Vw) Input particle concentration | Output particle concentration
0 174.25 5225
5 393.25 194.50
10 243.75 155.50
15 127.50 84.25
20 175.00 120.25
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Table 3. Particle loss as applied voltage

Applied voltage(V,,,) Particle loss(%)
0 70.01435
5 50.54037
10 36.20513
15 33.92157
20 31.28571
80
| .
Ol -l H
f I 39%
T: 50% reducel
2 S ]
£ Or l_ 33% 1
36%1 T g 31%
—

20 L

Applied voltage (V)

Fig. 8. The particle loss as a function of particle diameter with electric
potential from 0 to 20 V,,, at 3 MHz (10 um polystyrene
particle).
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