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Abstract The electromembrane process, which has advantages such as scalability, sustainability, and eco-friendliness, is used
in renewable energy fields such as fuel cells and reverse electrodialysis power generation. Most of the research to visualize the
internal flow in the electromembrane process has mainly been conducted on heterogeneous ion exchange membranes, because
of the non-uniform swelling characteristics of the homogeneous membrane. In this study, we successfully visualize the electro-
convective vortices near the Nafion homogeneous membrane in PDMS-based microfluidic devices. To reinforce the mechanical
rigidity and minimize the non-uniform swelling characteristics of the homogeneous membrane, a newly developed swelling
supporter was additionally adapted to the Nafion membrane. Thus, a clear image of electroconvective vortices near the Nafion
membrane could be obtained and visualized. As a result, we observed that the heterogeneous membrane has relatively stronger
electroconvective vortices compared to the Nafion homogeneous membranes. Regarding electrical response, the Nafion mem-
brane has a higher limiting current and less overlimiting current compared to the heterogeneous membrane. Based on our visuali-
zation, it is assumed that the heterogeneous membrane has more activated electroconvective vortices, which lower electrical
resistance in the overlimiting current regime. We anticipate that this work can contribute to the fundamental understanding of

the ion transport characteristics depending on the homogeneity of ion exchange membranes.

Key words

1. M =2
0] &8} (ion exchange membrane, [EM)o |+ 21 7] %} 5
ol ol &-& A 02 BN HEE A uhe
| E3t0] 2.0] FAo] b} ofo] & huk(cation exchange
membrane, CEM)#} 2-0]-2 W %" (anion exchange mem-
brane, AEM) £ Lt 5= ik A% 0 2 0] 2.8 F3}4]
7] o] 2 makuke] E AV o] §5to] =4 (dialysis) F7]

Corresponding author
E-Mail : bumjoo@kongju.ac.kr (B. Kim, Kongju Nat’l Univ.)

© Materials Research Society of Korea, All rights reserved.

ion exchange membrane, Nafion 211, homogeneity, heterogeneity, electroconvective vortex.

E A (electrodialysis)” 52 52 ¢l 2a] FA o) &5
o] gtoun, ZZLojl= AR A (fuel cell),” 24 A|(flow
battery),” =4 3l|(electrolysis),” &4 7] 54 (reverse electro-
dialysis)” BHd 5 v g 2] D A Aol A] Hofol A = F5
Hh 9ot £33, o] 2w ehah-3 2831 7] 9f 57 (electro-
membrane process)2 A| A8 A A A ZLo] G| =
of Ax| o] A o] =il A7 YA & 55 = A& 7

al,
55 W U A 7SR B B AT

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:/creative-
commons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the

original work is properly cited.

21



22 -]

7|29] 714t g of| A o] 2ugtalof| A3t A= 7]
=4 A R o AHo| A Lojh= vlA| ]l A A ol o
f‘&@:EE}L AAAR] S A dH T} = of 7]Hket

B o] &2 A= gt 1Rt 2| ZLofl = u] A 7}H(micro
fabrication) 7]<zo]] 7]4Wst u]A] 8-A|(microfluidics) A] 2~
© Q10) Sho = Qo Wl $5S AT B
T 4 Qe £5 7HIBE ol A o AEQ) Ay &
43 050 A} 590 5l
T3 o] 2 ghuto] vt Z A of o7t Hakel gt A
T Ali Mani 5">'Yo] 23] ‘i.ﬂ‘l.“(—i s gl AlEE ol
A 7ol 24 A7E AP = gl om, ulAl-FA] Al 2~H]
oA o] AlBle B3t HZ At 2wt 1Yol E B
5131, w2 (homogeneous) ©|-2n2HHFo] Q- okt 7|
AR 7333 Bt A3t HR(swelling) 542 =2 Qlsf o] &
WgHf A o A dojihi= A 7] b A9 7HAISH=
H B d]#Z(heterogeneous) 0] 2T} F 2 P ] Q)
E]— 1510 724 o] 2 w3huko] -9 Mikhaylin, Sergey 572
w3 ol ughFel ASTOMALS] CMX-SBE &-8-510]
o] 7.z 9l EREA] o3t o] L Y W W] k% §
59 JhAstelglon] §ofT ol Lmgiure] B Fol we
v @ A(fouling) & &2 2215} T Pismenskaya, Natalia
5'Y& Neoseptarl2] #8 &o]2 wgaHel AMXE &4
8 27195789 45 7hA) 3k} o 217k 291344 chrono-
poeniomety) 41 sfed 171 i) 2717 214
A} Aol el Al sk 77k WS G, V. V. 52
Shchekinoazot A} 2] H]2] o] 23l Q_—U"Ol MA-4IJJrMK-4O
o Eo] F4 ol LR B
L= 7l S 21383 9 t) o] %
3 A APAIBHE et 7] £
Sk ﬂﬂﬂJﬁﬁgiﬂﬂ
o] %] 3 So] WekshA eich. 2
HLﬂ%Aiﬂiﬂﬂ“%e%ﬂ%%ﬂﬂﬂﬁ¥ﬂ
B QA G 1) ok B3 ol
X 9] wapol 9171 ol ZwojA
o AU Bk el

[‘

i) l %]r“’“’ﬂ o

w7
ofel gl olek.

O

H Lo A A o] 2w ghute] ool 7| A A 74
2 B+ Us Hg EAS sl Yul 2 ot E o] w3t
we] 7] 458 7443kt 1 Bk, o) 919l o] 2w
u -8 2| X A|(IEM swelling supporter)E 73l Lo
oj 2 2hute] 4t ARt WES FAssto] Hetol whE
A7) 7o) AT e g ek Al W shalA) Stk
St A RS 0] 7 (scanning electron microscope, SEM)
= 83 1 o] A Kol & st v+t A o] 2k

MegaAl2] Ralex CMHPP 2l 7} 7}A|SF 9 2 7] A
£ v w AEE APt gt

Al

2.0|2 U A

o

HEEH
oHd

2.1. 0|2 v H

Fig. 1(a)t= O] T810HS F4-3 T4 o] Ayt oz &
A AF-AY EA A2 A7 571 Aol ket
Ohmic -7k, @A A1 f(limiting) 2t T3] ZF(over-
limiting) 7+7FO. 2 WA ®t}. o] 2 ugha) 1 o] St
A S WA (FHAIA T, Lin) ©1F, F=7HA Q1 A 79 4
Soolempn ERlo|H o AR UF W o] Lo Fa7]
I Afo| 2 Qg S el S50 A4 EE 17 o
S0l Z1Qlatey, ol A 4ol SEOR AT 485
o] £ $=2 2% HA7|AE B E(second kind of electro-
osmotic flow)o| 2}l A5t 2% A7 AR 522 WA s}

()
—~ A
s I I
E | Ohmic | Limiting | Overlimiting
= : :
I I
U 1 1
I I
1
hym p----- 42 :
: : CEM
1 1
1 1
1 1
>
Voltage (V)

[] : Conductive region
: Non-conductive region

Fig. 1. (a) Typical current (I) - voltage (V) curve of electromem-
brane system. (b) Distribution of current streamlines and formation
of electroconvective vortices on the ion exchange surface depen-
ding on the electrical and topographical heterogeneity.
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Fig. 2. Schematic view of (a) PDMS-based microscale electromembrane system and (b) exploded view of swelling support. (c) Experimental

setup and example of fluorescent images of electroconvective vortices near ion exchange membrane.

Table 1. Electrochemical and mechanical properties of Nafion 211 and Ralex CMHPP 25>

Membrane Thickness (um) Water content (wt%) Permselectivity =~ Conductivity (mS/cm) IEC (meq/g)
Nafion 211 25 5 - 26.5 0.92

Ralex CMHPP 450 30 >0.90 6.37 24
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Fig. 3. SEM images of the Nafion 211 and Ralex CMHPP. (a) Nafion 211 500x. (b) Ralex CMHPP 500x. (c) Nafion 211 5000x. (d) Ralex

CMHPP 5000x.
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