Faculty of
Mechanical Engineering

nuMmMpon
N121ON NoTIN®

Israel Institute
of Technology

12171120 |10

(o 4
‘ INIYTT ‘

[1'"100nN M TECHNION

SEMINAR - 72'no

3.02.2019 /X D2 OPPNNY , NN NOTIND NOIPIN DY NNPINND NIRNIND NN TIN
.14: 30,250 DVPNVITIX ,DOPITYTHD P (VYWN VIV 'ND)

1NN
Dr. Maarten Biesheuvel
Wetsus Academy
Leeuwarden, Netherlands
INUND YY

Physics-based modeling of pressure-driven and
current-driven water desalination

The seminar will be given in English
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Water can be desalinated in many ways, some more classical, some more novel. | will discuss
several interesting aspects of the theoretical modeling of water desalination by pressure (reverse
osmosis and nanofiltration) and current (electrodialysis and capacitive deionization) making use of
continuum (mean field) theories. Going beyond the Boltzmann level, important questions are how to
include ion volume effects and acid-base reactions between ions and with solid materials. Indeed, the
dependence of surface charge on local pH is a of relevance both in membrane transport and in porous
electrodes. The acid-base reactions between ions, such as hydroxyl ions, hydronium ions, the various
carbonate species, and other ions that exist in multiple states, such as ammonium or boron, often
need to be included to describe the propensity for scaling, and to predict pH changes. To do this
balances over "groups" of species must be set up. An interesting question is whether a H-balance is
an appropriate tool in these cases. These balances can be combined with local acid-base chemical
equilibrium resulting in a robust and elegant numerical code. These topics are of significant
relevance for the correct modeling of ion selectivity in desalination. For nanofiltration, with pores of
at least a few nm in diameter, charge regulation has led to lively debate about the existence of a
limiting law in the conductance of carbon nanotubes of order 1/3 or 1/2. We finally discuss heat
effects both in pressure-driven flow and current-driven flow, where classical sources and analysis
predict local cooling to occur in electrical double layers and membranes.
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