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Abstract — Capacitive deionization(CDI) is an ion removal technology that employs the basic electrochemical princi-
ple of absorbing ions in high surface area electrode. CDI technology reduce power consumption because it operates at
lower electrode potential(about 1~2 V). Also, it is an environmentally friendly technology because no acid, base, or salts
are required to generate the surface. In this study, we searched the patents and papers to investigate the trend of CDI
technologies. Database was collected from WIPS and Scopus site and was investigated according to electrode, module
and application technology of CDI. The technology trend of CDI was analyzed based on patent application year, coun-

tries, main applications and technologies.
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Fig. 1. Electrical Double layer formation by coupling between elec-
trode and ions.

(a)

Fig. 2. The principle of capacitive deionization.

(b)
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Table 1. Main content of Patent and Paper analysis

Patent Paper
Database Program Wips Scopus
Analysis Data 85 110

Analysis period ~2010. 02
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Table 2. Classification of CDI technology

Technology Classification

Technical Description

Electrode Electrode production technology-Electrode
DI production, Reforming, Active material
Module  Module Design
technology . L .
Applications Water Softener, Desalination unit,
Device applications such as white appliances, etc.
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Fig. 9. The patent & paper trends for module technologies of CDI.

Table 4. Module technology analysis by major applicants & affiliation
Patent

Applicant(Organization) Paper

University of California 7
Lih-Ren, Shiue
ABB Power T & D
Samsung Electronics

—_—— N DN

Siontech
University of Pretoria 1
Lawrence livermore nati. lab. 1

Applicant(Organization) Patent Paper Electrode material

Univ. California 5 1 Carbon foam, Aerogel microsphere

Univ. East China Normal 6 Carbon nanotube/nanofiber composites

Samsung Electronics 1 Carbon nanotube, Polyimide based carbon nanofiber, Conducting agent electrode
KIST 3 1 Carbon aerogel-silicagel composites

KEPCO 2 Carbon aerogel, Ion exchange membrane coated active carbon

Univ. Bar-Ilan 4 Activated carbon, Nanoporous carbon

Lawrence livermore national lab. 4 Carbon aerogel

Yonsei University 4 Carbon aerogel, Carbon aerogel-silica gel

Kongju National University 3 Activated carbon, lon exchange membrane coated carbon electrode
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Table 5. Application technology analysis by major applicants & affiliation

Applicant(Organization) Patent Paper Technical Details

Samsung Electronics 8 Water softener

Univ. East China Normal 5 Electrosorptive desalination

Lawrence livermore national lab. 4 Removal of NH,+CIOj ions from water, Deionization of NaCl and NaNO; solutions
KEPCO 1 2 Desalination

Univ. of California Desalination

Luxon energy devices 3 Desalination

Univ. Bar-Ilan 3 Deionization using Double layer or single layer porous electrodes

Centre of Excellence for sustainable water technology 3 Desalination

Univ. Singapore 3 Brine treatment

2004 2006 2009

US6602742
(2003.08.05)
US6697249
(2004.02.24)
FOC Frankenburg Oil
Supercapacitor

1995 --- 2002

US6214204
(2001.04.10)
US6225733
(2001.05.01)

Cormning Incorporated

Ion-removal from wat

er using activated carb
on electrodes

Patent-Module

US 7138042
(2006.11.21)
University of California
A capacitive deionization

-regeneration

US5425858
(1995.06.20)
University of California
An electrochemical cell

US6346187
(2002.02.12)
University of California

Paper-Electrode
Desalination
(2007,206,86~91)
Environment struct
ure research labora
tory

Paper-Electrode
Desalination
(2005,183,327~340)
University of
Paper-Electrode Pretoria

Journal of electroa

nalytical chemistry

(2003,540,159~167)

Georgia institute of
technology

Fig. 11. Analsys of technology flow.

Paper-Electrode
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Nano Pore
Materials
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