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Fig. 1 Schematic of the microflow and micromixing system
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Table 1 The parameters of numerical simulation

parameter value
temperature T=25<C
vacuum permittivity gy = 8.854 x 1072 F/m
relative dielectric constant of water e, =718
density p = 998 kg/m?
dynamic viscosity u = 1.0x107% Pa-s
diffusion coefficient of Na* Dy,+ = 1.344 x 107 m?/s
diffusion coefficient of Cl~ Dg- = 2.03 x 107 m?/s
valence of Na* Zyt =+ 1
valence of Cl” zg- =1
Faraday constant F = 9.649 x 10* C/mol

gas constant R = 8.31J/(mol-K)
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L zeta HRBELCULAN PRI A AT 1 B8 NaCl AR EH 0.1 mol/L, AT 2 Y NaCl JF Ik
JEA 107 mol/L, AN 100 V/em, iR 25 °C.
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Table 2 The parameters in the 2 models

model
parameter
variable model constant model
relative permittivity &, e, =¢.(c) e, =18
zeta potential ¢  =1{¢(c) { =-62.6mV
electric field E 100 V/em
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Fig. 2 The velocity vectors and streamlines in the microchannels

22 REF

B 3(a), (b) 43 k& A S5A A R C1 IR B 434 v LA B, & A o 1 1 ik
(#9550 mol/m®) 5 T/ AT (£ 24 mol/m® ) JLA, H F AR epr | (0 18 58 B 7 1) b 25 1 e
G3 AR FEAS R X FRIR), 33 10 A AT R AR AT L PR VR Y R AR AR L A AR R T AT
T R BE VRS VRHE ARG T S AR A LU T AR S A v 2 B VR BE X zeta HL AN AE A HL U
SN, BRI S AT T AR B R R A T R



986 % K 5 * FH

Cey-/ (mol/m’ )

—

(a) HEAEAY

(a) Constant model

100 80 60 40 20 0

100 80 60 40 20 0
Cey-/ (mol/m?* )

(b) AshbAEm
(b) Variable model
3 I CITREE S
Fig. 3 Distributions of the Cl” ion concentration in the microchannels
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Fig. 6 The velocity vectors and streamlines of different concentration differences in the microchannels
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Fig. 7 The mixing indexes of different concentration differences in the microchannels
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Effects of Ion Concentration on Electroosmotic
Flow and Micromixing in Microchannels

YANG Da-yong, WANG Yang
(Information Engineering School, Nanchang University
Nanchang 330031, P.R.China)

Abstract . Electroosmotic flow is widely used to transport and mix fluids in microfluidic chips.
A variable model for the ion concentration gradient effects on the electroosmotic flow and mi-
cromixing in microchannels was presented. The effects were investigated numerically with the
finite element method. The impacts of the zeta potential and the dielectric constant on the flow
field and concentration field were also analyzed. The micromixing efficiency in the microchannel
was evaluated quantitatively. The results show that the flow field is inhomogeneous, and the
distribution of the ion concentration will be asymmetric in the microchannel while the zeta po-
tential and the dielectric constant vary with the ion concentration. When the concentration of
the electrolyte solution is approximate to 1 mol/L, the solution essentially couldn’t be driven
into the microchannel. The micromixing efficiency decreases with the ion concentration differ-
ence between the electrolyte solutions, and the larger the difference is, the shorter the distance

is needed to reach perfect mixing.

Key words: electroosmotic flow; ion concentration; dielectric constant; zeta potential
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