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What does such an electrochemical cell look like?
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EDL-“super”-capacitors and Capacitive Deionization
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“super”-capacitors Capacitive Deionization (CDI)

3rd option: osmotic energy , or blue energy



4

CO2 cycling
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Methods of water desalination
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Capacitive Deionization

redox functionalities, intercalation, insertion materials
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8How does a carbon slurry conduct electrons ?
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Transport in porous electrodes

electron-conducting matrix
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Generalized porous electrode theory
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Transport equation in mAcropores EDL-model in carbon micropores&

Prof. Martin Bazant

MIT, USAJ. Colloid Interface Sci. 384 (2012) 38-44; 446 (2015) 317-326.
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Transport in porous carbon electrodes
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dependent on pore volumedependent on pore area

Electrical Double Layer (EDL) models in CDI



Counterion adsorption and 
co-ion expulsion
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The puzzle of Inverted CDI
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Normal operation Inversion Peaks Inverted CDI
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Theoretical predictions with modified EDL model
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CDI with intercalation materials 
(Prussian Blue -- nickel hexacyanoferrate)

Fe2+ Fe3+

K+

CN-

18K Singh, PM Biesheuvel, LCPM de Smet, Phys Rev Applied (2018).



Heat effects in carbon micropores

19M. Janssen, PM Biesheuvel, R. van Roij, B. Erne, Phys. Rev. Lett. (2017)
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De Groot, 1951
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De Groot, 1951
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Joule Heating

Dot-product of the VECTORS I and E: Q=IE
I

E
Q=I    E 
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Joule Heating

Dot-product of the VECTORS I and E: Q=IE

IE

Q=0 !90o
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Joule Heating

Dot-product of the VECTORS I and E: Q=IE

IE

Q < 0 !>90o

Joule Cooling, or Negative Joule Heating
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Conclusions

• Porous capacitive electrodes have applications for energy harvesting, 
energy storage and water desalination

• It uses ideally polarizable electrodes, and is thus a non-Faradaic process
• Correct EDL models for carbon consider three types of charge
• Heat effects correctly captured by considering dot-product of I and E. 



Thank you for your attention !
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CDI, what type of process?

Polarizable electrode

Non-polarizable

electrode

Colloid Science

Non-Faradaic process
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Different chemistries, but all CDI

Cd~1000 F/g

Materials:
• Activated carbons
• Intercalation materials = redox-

active  material

• Charge-voltage curve applies
• Polarizable electrode
• Non-Faradaic process
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Capacitive Deionization

What is CDI ?
• A process where water is desalinated using electrodes
• Operation is by cyclically adsorbing ions in the electrodes, and release
• Driven by transfer of electronic charge (back and forth)
• Different architectures and chemistries are possible

Faradaic vs non-Faradaic ?
• Because in time the electrode changes composition and potential, it is a non-Faradaic 

process, whatever the chemistry on the electrode


