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O DX 3B (=30 pm) B [ FRHITAE Y 7 [7) L ) 25 8] B g 2
oy, MBI BUE W, 7R B B RETI0.1 pm DAY, R
A PR 30T 1) 72 ) R A7 235 5 08 T N I [X 3k A A 25
JEFEARAE — A g, HoAp B0 A (v=30 pm) LT 25
B K. TEPE BSRETHI 0.1 pm DL AL, 25 1] HLfuf 25 15 {2 2 P&
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W77, B 5(a) b a] LA H 8 5 i 5 0 3 B 1 22 57
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DAL A 12 Ak 1) 1) B 37 5 P55 0308 A7 B 7 238 P88 6y U7 ) L 1)
53 A B 2R 10 e KAEANTE R — A0 B, Ik T 52 i3 71
T REG IS, XL B A A5 E 1 O IR BT
1 DX 35 58 SR AR Ak, A () 56 S 25 PR 1T A5 ) B
BT EIS(D) BT fGE 0 2 1 343 A R Rp
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RSS2 % 1 R A TR TE P 9 9 VB R ok R RN 7 T

D B30 o 33 1) A 3 0, [ B o DX 3384 ) 3 A 0 A
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S — A IE [ e 1 /N, e aT LLE i, 7518
T8 b 5 AL S Xk, AL 1) A 38 B 1) B KOl Bk 3
T7.42 mm s, TG LE S R R RS A X, Ak e A
GBI i RIE N3 14 mms ™, —E 4 M4 NS H
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0 22 11 R AR PR VA VR i 3 e T, DRI L N T A A A
JEE AR /)N RIS, G0 TE T U RS 1R B LR R ER AN R S
A A, DR G BB 3 34 0 HE B B Ao ) 448 o

-
o

y (um)
o = N W 0 O N 00 ©
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25 3Rk

XA, LS, 3. CTAT B N Jeffrey I AR I HE 8 F LB SN, WIEE AR, 2013, 62: 301-306

2 Ko, BAKE. FATHME T M Maxwell Jit 4 1) i Zeta %5 5 I HUIS IR 3. WD EL2A4R, 2012, 61: 387-394
3 REE, SRV, AT EIE A Eyring i iR 19 HUE B R TSl B, 2015, 64: 214-219
4 Kali S, Das R P, Shekhar R. Electroosmotic pump: Rate controlling mechanism for unusually fast electroremediation kinetics of Cr(VI) in basic
Kanpur soil. Electrochim Acta, 2012, 86: 80-88
5 Litster S, Buie C R, Fabian T, et al. Active water management for PEM fuel cells. J Electrochem Soc, 2007, 154: B1049
AR, BT, FIARIR, S 9EE R A IE b AR 23 1 S 80 B R 2 WL IS BEAR O M. DR 224K, 2013, 62: 218701
Li Z R, Liu G R, Chen Y Z, et al. Continuum transport model of Ogston sieving in patterned nanofilter arrays for separation of rod-like
biomolecules. Electrophoresis, 2008, 29: 329-339
8 LiZR, LiuGR, HanJ, et al. Transport of biomolecules in asymmetric nanofilter arrays. Anal Bioanal Chem, 2009, 394: 427-435
9 Gascoyne P R, Vykoukal J. Particle separation by dielectrophoresis. Electrophoresis, 2002, 23: 1973-1983
10 Mishchuk N A. Concentration polarization of interface and non-linear electrokinetic phenomena. Adv Colloid Interface Sci, 2010, 160: 16-39
11 Nikonenko V V, Kovalenko A V, Urtenov M K, et al. Desalination at overlimiting currents: State-of-the-art and perspectives. Desalination,
2014, 342: 85-106
12 Smyrl W H, Newman J. Double layer structure at the limiting current. Trans Faraday Soc, 1967, 63: 207-216
13 Rubinstein I, Shtilman L. Voltage against current curves of cation exchange membranes. J Chem Soc Faraday Trans 2: Molecul Chem Phys,
1979, 75: 231-246
14 Dukhin S S. Electrokinetic phenomena of the second kind and their applications. Adv Colloid Interface Sci, 1991, 35: 173—-196
15 Baran A A, Babich Y A, Tarovsky A A, et al. Superfast electrophoresis of ion-exchanger particles. Colloids Surfs, 1992, 68: 141-151
16 Kim SJ, WangY C, Lee J H, et al. Concentration polarization and nonlinear electrokinetic flow near a nanofluidic channel. Phys Rev Lett, 2007,
99: 044501
17 Mishchuk N A. Electro-osmosis of the second kind near the heterogeneous ion-exchange membrane. Colloids Surfs A-Physicochem Eng Aspects,
1998, 140: 75-89
18 Kwak R, Pham V S, Lim K M, et al. Shear flow of an electrically charged fluid by ion concentration polarization: Scaling laws for electrocon-
vective vortices. Phys Rev Lett, 2013, 110: 114501
19 Khair A S, Squires T M. Fundamental aspects of concentration polarization arising from nonuniform electrokinetic transport. Phys Fluids, 2008,
20: 087102
20 Yossifon G, Chang H C. Selection of nonequilibrium overlimiting currents: Universal depletion layer formation dynamics and vortex instability.
Phys Rev Lett, 2008, 101: 254501
21 Rubinstein S M, Manukyan G, Staicu A, et al. Direct observation of a nonequilibrium electro-osmotic instability. Phys Rev Lett, 2008, 101:
236101
22 Rubinstein I, Maletzki F. Electroconvection at an electrically inhomogeneous permselective membrane surface. Faraday Trans, 1991, 87:

2079-2087

23


https://doi.org/10.1016/j.electacta.2012.05.075
https://doi.org/10.1149/1.2766650
https://doi.org/10.1002/elps.200700679
https://doi.org/10.1007/s00216-008-2558-y
https://doi.org/10.1002/1522-2683(200207)23:13<1973::AID-ELPS1973>3.0.CO;2-1
https://doi.org/10.1016/j.cis.2010.07.001
https://doi.org/10.1016/j.desal.2014.01.008
https://doi.org/10.1039/tf9676300207
https://doi.org/10.1039/f29797500231
https://doi.org/10.1016/0001-8686(91)80022-C
https://doi.org/10.1016/0166-6622(92)80198-B
https://doi.org/10.1103/PhysRevLett.99.044501
https://doi.org/10.1016/S0927-7757(98)00216-7
https://doi.org/10.1103/PhysRevLett.110.114501
https://doi.org/10.1063/1.2963507
https://doi.org/10.1103/PhysRevLett.101.254501
https://doi.org/10.1103/PhysRevLett.101.236101
https://doi.org/10.1039/ft9918702079

RSS2 % 1 R A TR TE P 9 9 VB R ok R RN 7 T

23 Rubinstein I, Zaltzman B, Kedem O. Electric fields in and around ion-exchange membranesl. J Membrane Sci, 1997, 125: 17-21

24 Druzgalski C L, Andersen M B, Mani A. Direct numerical simulation of electroconvective instability and hydrodynamic chaos near an ion-
selective surface. Phys Fluids, 2013, 25: 110804

25 Demekhin E A, Nikitin N V, Shelistov V S. Direct numerical simulation of electrokinetic instability and transition to chaotic motion. Phys Fluids,
2013, 25: 122001

26 Pham V S, LiZ, Lim K M, et al. Direct numerical simulation of electroconvective instability and hysteretic current-voltage response of a perms-
elective membrane. Phys Rev E, 2012, 86: 046310

27 Karatay E, Druzgalski C L, Mani A. Simulation of chaotic electrokinetic transport: Performance of commercial software versus custom-built
direct numerical simulation codes. J Colloid Interface Sci, 2015, 446: 67-76

28 Chang H C, Yossifon G, Demekhin E A. Nanoscale electrokinetics and microvortices: How microhydrodynamics affects nanofluidic ion flux.
Annu Rev Fluid Mech, 2012, 44: 401-426

29  Mishchuk N A, Heldal T, Volden T, et al. Micropump based on electroosmosis of the second kind. Electrophoresis, 2009, 30: 3499-3506

30 Kivanc F C, Litster S. Pumping with electroosmosis of the second kind in mesoporous skeletons. Sensors Actuators B-Chem, 2011, 151: 394-401

31 Kim SJ, Ko S H, Kang K H, et al. Direct seawater desalination by ion concentration polarization. Nat Nanotech, 2010, 5: 297-301

32 Rubinstein I, Zaltzman B. Wave number selection in a nonequilibrium electro-osmotic instability. Phys Rev E, 2003, 68: 032501

33 KimSJ,LiL D, HanJ. Amplified electrokinetic response by concentration polarization near nanofluidic channel. Langmuir, 2009, 25: 7759-7765

Augmented electroosmotic flow and simultaneous desalination in
microchannels embedded with permselective membranes

LIU Wei', GONG LingYan', ZHU YuDan’ & LI ZiRui"

! Institute of Laser and Optoelectronic Intelligent Manufacturing, Wenzhou University, Wenzhou 325035, China;
? Key Laboratory of Materials-Oriented Chemical Engineering, College of Chemistry and Chemical Engineering, Nanjing Tech University, Nanjing
210009, China

Ion-selective nanoporous membranes are widely used in many engineering and technological applications, such as biomolecular
separation, desalination, sample preconcentration and fuel cells etc. In this paper, we study steady-state electrokinetic flow of
electrolytes in a micro-fluidic channel with permselective membranes embedded at the middle of the walls. Distribution of the ion
concentrations and the fluid flows at varied cross-membrane voltages are investigated. It is shown that such systems possess the
combined advantages of fast flow generated by electroosmosis of the second kind and desalinating functionalities. It is demonstrated
that the membrane-embedded microchannel of length 60 pm and width 10 pm may achieve 89% of salt rejection 15 times of classical
electroosmotic flow speed under a cross channel field of 40 V/cm and a cross 400 mV membrane voltage. This kind of microfluidic
devices could be used in small- or medium- scale desalination plants and microfluidic pump systems.
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