
KTH ROYAL INSTITUTE OF TECHNOLOGY
SCHOOL OF ENGINEERING SCIENCES (SCI)

DOCTORAL THESIS IN
STOCKHOLM, SWEDEN 2006

Electropermutation
assisted by ion-ex-
change textile

removal of nitrate from drinking wa-
ter

CARL-OLA DANIELSSON

Academic Dissertation which, with due permission of the KTH Royal
Institute of Technology, is submitted for public defence for the on
Thursday the 8th June 2006, at 10:00 a.m. in D3, Lindstedtsvägen 5,
Stockholm.



Trita-MEK 2006:10 | ISSN 0348-467X
http://urn.kb.se/resolve?urn=urn:nbn:se:kth:diva-3992

Abstract

Increased levels of nitrate in ground water have made many wells unsuitable
as sources for drinking water. In this thesis an ion-exchang eassisted
electromembrane process, suitable for nitrate removal, is investigated
both theoretically and experimentally. An ion-exchange textile material
is introduced as a conducting spacer in the feed compartment of an
electropermutation cell. The sheet shaped structure of the textile makes it easy
to incorporate into the cell. High permeability and fast ion-exchange kinetics,
compared to ion-exchange resins, are other attractive features of the ion-
exchange textile.

A steady-state model based on the conservation of the ionic species is
developed. The governing equations on the microscopic level are volume
averaged to give macro-homogeneous equations. The model equations
are analyzed and relevant simplifications are motivated and introduced.
Dimensionless parameters governing the continuous electropermutation
process are identified and their influence on the process are discussed. The
mathematical model can be used as a tool when optimising the process
parameters and designing equipment.

An experimental study that aimed to show the positive influence of
using the ion-exchange textile in the feed compartment of an continuous
electropermutation process is presented. The incorporation of the ion-exchange
textile significantly improves the nitrate removal rate at the same time as the
power consumption is decreased. A superficial solution of sodium nitrate with a
initial nitrate concentration of 105 ppm was treated. A product stream with less
than 20 ppm nitrate could be obtained, in a single pass mode of operation. Its
concluded from these experiments that continuous electropermutation using
ion-exchange textile provides an interesting alternative for nitrate removal,
in drinking water production. The predictions of the mathematical model are
compared with experimental results and a good agreement is obtained.

Enhanced water dissociation is known to take place at the surface of
ion-exchange membranes in electromembrane processes operated above
the limiting current density. A model for this enhanced water dissociation
in presented in the thesis. The model makes it possible to incorporate the
effect of water dissociation as a heterogeneous surface reaction. Results
from simulations of electropermutation with and without ion-exchange
textile incorporated are presented. The influence of the water dissociation is
investigated with the developed model.
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