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Research and Progress on Industrial Applications of Capacitive Deionization
Technology

WU Hao, REN Ruipeng, LV Yongkang
(College of Chemistry and Chemical Engineering, Taiyuan University of Technology; Taiyuan 030000, Shanxi, China)

Abstract: Capacitive deionization ( CDI ) has become a promising water treatment technology due to its advantages
of low energy consumption, normal temperature operation, no high voltage equipment and renewable energy.
However, most of the current research is mainly based on mechanism research and laboratory research, and the
research on industrial application is insufficient. For the first time, the key technology and performance indicators of
CDI industrialization are sorted out from the engineering point of view, and the research progress of CDI
industrialization application is systematically reviewed. It is analyzed from four aspects : electrode materials and
device configuration, performance index, process system and engineering application. The advantages and
disadvantages of different materials in industrial applications are discussed. The capacitive deionization device is
more suitable for industrialization. The process is optimized by operating parameters, flow channel design,
intelligent control and pretreatment. At present, the industrialization of CDI still faces many challenges. In the
future, it will develop in the direction of composite electrodes, continuous devices, system integration and scene

customization, providing support for large—scale application of industrial water treatment.
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Fig.9 Schematic diagram of the HCDI composed of UWC/ACP
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Fig.10  Anode oxidation induced by the Faradaic rectification phenomenon
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Fig.11 Schematic diagram of the single—pass MCDI apparatus
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Fig.12  Schematic diagram of the preparation process of MS=Ti,C,T, and PANI/AC, and the operation mode of the FCDI system for

fluoride removal experiments'
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Table 2 Comparison of industrial performance and economic viability of mainstream CDI technologies

PR - REFE KK , rare
& =1 LaERoE

o R KWhem™ 5% ELES] BT Wk ik
LRI JOWL RERENE 2l N

(5 CDI (RSO FRAHK 0.1 - 207090 0 I P KBRS oo ppe mabez g O

HCDI RAGER K EREMEST S 0.1-0.575-90

MCDI sk ZZe Tl EK ik 0.2-0.8 75-95 HLHRZLC

FCDI bk GELLALE Weoki4s 0.5-2.5 8095

DTS e UL BRSSP B
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Fig.13 Schematic illustration of capacitive deionization (CDI) electrosorption device using AC/ACF as electrode materials
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Fig.14 Schematic diagram of the thermal-assisted
FCDI system under 0-50°C""!
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Fig.15 Conductivity as a function of time in desorption cycles of the closed—loop CDI system operated at discharge voltages from 1.2

to 0.3 V while flow rates were maintained at 30 mL min
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Fig.16 Schematic diagram of slurry flow behavior in various

flow channels™"
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Fig.17 CFD-DEM simulation results of the flow—electrode in an FCDI device with different flow channel configurations. Saturated

and charged activated carbon particles are shown in red""!
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Fig.18 (a) Concentration variation curves during charge—

discharge cycles; (b) Total salt removal amount and salt

adsorption capacity""
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Fig.19 Schematic of capacitive deionization (CDI) pretreatment process
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Fig.22 Schematic diagram of the pilot—scale MCDI stack integrated with a UF module. The desalination experiments were performed

at constant flow rates (ranged from 50 to 500 mL/min, depending on different feedwater scenarios) and under an applied potential

difference of 1.6 V for MCDI'*®
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Table 3 Horizontal Comparison of Key Parameters and Energy Consumption of MCDI Systems in Different Cases
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