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Abstract — This study presents channel design of a CDI stack to achieve high removal efficiency in a large scale by
applying parallel flow structure with a concentrated stream. The flow pattern in the stack was simulated by COMSOL
Multiphysics program. To prove the salt removal performance, a unit cell and 20 cell stacks were tested at a flow rate
condition of 18 ml/min and 360 ml/min, respectively. The removal efficiencies of the unit cell and the 20 cell stacks
were obtained as 70.8 % and 75.6 %, respectively, with 100 mg/L sodium chloride solution. During the operation of cell
test, water pressures of unit cell and 20 cell pair stack maintained in the ranges of 1.1 psi and 1.3~1.5 psi, respectively. It
was demonstrated that the parallel cell structure with two concentrated streams can be employed in a large scale CDI for

salt removal.
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Fig. 2. Configuration of input and output for channel structure. Fig. 4. Schematic of CDI experiment setup.
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Fig. 5. Modeling of water flow by COMSOL program.
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Fig. 6. Salt removal efficiency result of 1 pair stack.

Korean Chem. Eng. Res., Vol. 48, No. 6, December, 2010



794 ol - AT - Y- s
20 pairs CDI S 20502 o} 360 mi/min®] FFOZ S Ay} 1.3~1.5 psi

[e)
R
o :9kow 756%0) AA FRE BRI 4 YIrh. o] A3} &

500 _—— Potential L 16 _ B = _

ZF5E5E AL Fgto] vlSsst ol WEY TR A
o & JakS T4 97| wiolu} w3 HEH 27 At 1
Fg o] whgol vk o A 58S weslo] AAES Fld =9l
ot AT o] Heh= Ak Aeke] Asle e dExe] WslE

400 -

€

° S

@300 = s =

S 5 sRIgro A A 37gel A8H o] 2Alo] 7hs e BTtk
= c

= Q

5 2

3 200 4 T x =

) : ]

100 +

1. Kim, Y.-J. and Choi, J.-H., “Improvement of Desalination Effi-
ciency in Capacitive Deionization Using a Carbon Electrode

0 ' ' ' Coated with an lon-exchange Polymer) Water Res., 44(3), 990-
996(2010).

2. Seo, S.-J., Jeon, H., Lee, J.-K., Kim, G-Y., Park, D., Nojima, H.,
Lee, J. and Moon, S.-H., “Investigation on Removal of Hardness

o
o
IN)
o
w
S

Time [min]

Fig. 7. Salt removal efficiency result of 20 pairs stack.

Ions by Capacitive Deionization (CDI) for Water Softening Appli-

U alsick. o] Ayhs Aol 20 AR O Ao ¥EA T cations; Water Res., 44(7), 2267-2275(2010).

7} Qlete] §78] o] Wl flo] d¥sH s == s oust 3. Farmer, J. C., “Method and Apparatus for Capacitive Deioniza-
o} 27 AT F 220 puS/emO] 3L HA HEE $2 53.7 pS/em= tion and Electrochemical Purification and Regeneration of Elec-
2 (Y& AHgate] AAEES ALt A3 oF 75.6%2] AAES B trodes}’ US Patent No. 5,954,937(1999).

o3 9t} TP e 2EE Aulo] F8A0 o AAZ 3o 4. Shiue, L.-R., “Deionisers with Energy Recovery,” US patent No.

6,66,643 B2(2003).

3} 2= 9) o1 Fio. 79 TF|ZoA] B 2= 9)=o0] ei&Rle] Alo]Fe
o Sl Fig. 79) TR £ 5 Q1Ko A5 fer2e] 5. D.Andelman, M., “Charge Barrier Flow-Through Capacitor;” US

=
W3S Ho|m g A5E 3l7] 95k A AE)

© 13314 o) AL 3]
Q15 2= Jr}. o] gl S szo] Aulo] i;z;;“] ;:gﬂ’\i ; Patent No. 6,709,560 B2(2004).
= T A P e AT =5 =2 A oo Tl TireTa T o 6. Lee, J.-B., Park, K.-K., Eum, H.-M. and Lee, C.-W., “Desalina-
T Hojerh tion of a Thermal Power Plant Wastewater by Membrane Capac-
itive Deionization)’ Desalination, 196(1-3), 125-134(2006).
4. 4 =2 7. Afkhami, A., Madrakian, T. and Karimi, Z., “The Effect of Acid
Treatment of Carbon Cloth on the Adsorption of Nitrite and
CDIN~ES AA] 3ol 243)7] Ysto] Ao f-25 AAFH Nitrate lons) J. Hazard. Mater., 144(1-2), 427-431(2007).
ATRA, Tt AL 93 18 8. Huang, C.-C. and Su, Y.-J., “Removal of Copper lons from

g3 ol AAaES Hug
éé Tl A = i Wastewater by Adsorption/electrosorption on Modified Activated

=

;] 27]*%1?‘: T]iij_%__bi j__oi_% . jf;@ﬁgj’}}jéjjiﬁj Carbon Cloths} J. Hazard. Mater., 175(1-3), 477-483(2010). .
AT =5 o o= hHe = ook =5 9. Jung, H.-H., Hwang, S.-W., Hyun, S.-H., Lee, K.-H. and Kim,
F27F Ho] Bl FellM FUEtt Fol A Fop7 A G.-T., “Capacitive Deionization Characteristics of Nanostruc-
sto] A= @S RS FEeh F2 Eto] dojd 5= QU tured Carbon Aerogel Electrodes Synthesized via Ambient Dry-
Sk} EAlof] fE ol 7SS 550] WA vljEo] olslE ing)’ Desalination, 216(1-3), 377-385(2007).

= AAslic) G4 Raley T2 g@le]l COMSOLS AMeslo] 10. Akhtar, N., Decent, S. P., Loghin, D. and Kendall, K., “A Three-
S22 nas A 947 A8 e §olEo] Ade FAF §) dimensional Numerical Model of a Single-chamber Solid Oxide

Fuel Cell} Int. J. Hydrog. Energy, 34(20), 8645-8663(2009).
11. Dermentzis, K. and Ouzounis, K., “Continuous Capacitive Deion-

o] AMFESR TFS 7HH, FEHEolA 5] vk dgkst &
5o 2 AFY FEYE WAL 5 A3 A AAEEE 9o
= = .o = . o o A5

sl7] $18to] ©hel A ARS8l 18 mUmin®] 0% £-51gh A3} for Desalination and Deionization of Water)’ Electrochim. Acta,
1.1 psi®] T4 = 70.8%2] AA &S g1 = Uy, &g A 53(24), 7123-7130(2008).

ization-electrodialysis Reversal Through Electrostatic Shielding

Korean Chem. Eng. Res., Vol. 48, No. 6, December, 2010



