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Enhanced Desalination Performance through Nafion-coated Cathode
in Capacitive Deionization

Jieun Kim', Seongwoo Jung', Jinwook Kim', Jachwan Kim and Rhokyun Kwak'

Abstract An effective capacitive deionization process termed membrane capacitive deionization (MCDI)
is newly designed and experimentally tested for seawater desalination. By preventing co-ions to be
expelled, MCDI can improve the ion removal performance, but there is a trade-off between blocking
co-ion transfer and increasing contact resistance. The conventional MCDI uses 2D-shaped films which
increase contact resistance and reduce desalination performance in the trade-off. In this paper, with
the 3-D shape of Nafion coated activated carbon cloth, the mentioned problems are expected to be
solved making the desalination performance better. We visualized ion concentration and fluid flows
with half-MCDI cell that can measure only efficiency of cathode. We found the optimal number of
coatings which have the better efficiency than CMX, commercial cation exchange membrane in fixed
current conditions of 100uA.
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Fig. 1. a) Scheme of capacitive deionization.
b) Scheme of membrane capacitive deionization.
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Fig. 2. a) Scheme of porous carbon cathode combined
with CEM in 2D solid state. b) Scheme of
nafion-coated cathode. A coating method that the
carbon electrode is wetted with a certain amount
of nafion™ perfluorinated resin solution is used.
Through this method, it is possible to reduce
contact resistance and increase the surface area.
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3.1 Fabrication of nafion-coated electrodes
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perfluorinated resin solution in mixture of lower
aliphatic alcohols and water, contains 45% water,
Sigma-Aldrich, St. Louis, MO)S Hojree] 51¢)
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Fig. 3. Scheme of the process of coating ACF
with Nafion™ perfluorinated resin solution. The
pictures on the right are SEM top view (mag.100x)
and SEM cross-section view (mag.100x) of ACF.
Weft and warp structures are observed in ACF.

Fig. 4. a) SEM top view (mag.80x) and b) SEM cross-section view (mag.250x) of nafion-coated electrode
: 1) uncoated ii) 2 times coating iii) 4 times coating iv) 6 times coating v) 8 times coating.
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Fig. 5. a) Fabrication process of the schematic microscale half-MCDI cell before bonding in front view. a
half-MCDI cell consists of carbon paper, CEM, Nafion-coated electrode. The depth of each slot of PDMS
is 4mm. The width of slot for carbon paper and CEM is 0.45mm and the width of slot for nafion-coated
electrode is 0.7mm. The length of slot for each slot is 2cm. b) Top view of the half-MCDI cell : i) photo
image and ii) microscopic image. c¢) Scheme of microscale half-MCDI cell with cathode as nafion-coated
electrode. Between current collector and CEM (i.e. buffer channels), we load 10mM NaCl solution with
flow rate(SpL/min) to rinse products from electrodes and compensate the adsorbed cations for satisfying
electroneutrality.
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Fig. 6. Visualization images of the microscale half-MCDI a) 2 times coating b) 4 times coating c) 6 times
coating d) 8 times coating. Fluorescent images with Alexa Fluor 488 were displayed in fixed current
conditions of 100uA. e) A voltage-time curve of the microscale half-MCDI cell. f) A Conductance-time

curve of the microscale half-MCDI cell.
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4.1 Visualization in the microscale half-MCDI
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4.2 Voltage-time & conductance-time responses
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4.3 Desalination metrics

©8} &82 Salt removal ratio, CE(Current
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Fig. 7. Desalination metrics. a) Salt removal ratio.
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