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(57) Abrégée/Abstract:
The Invention relates to a process and apparatus for the capacitive demineralization of liquids containing ions Iin which, after
Introducing the liquid into a container, an electric field is applied to capacitor plates (8, 9), which leads to ions of the liquid being
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(57) Abrege(suite)/Abstract(continued):

conducted through a filter wall (7). The lons conducted through are deposited on the capacitor plates (8, 9) as bilayers (15, 16). By
Introducing pulsed voltage peaks, microcrystalline structures which result from lonic compounds are precipitated and then removed
from the apparatus (1).
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Abstract

Process and apparatus for the capacitive demineralization of

liquids ccntaining ioens

The invention relates to a process and apparatus for the
capacitive demineralization of liquids containing ions in
which, after introducing the liquid into a container, an
electric “ield is applied to capacitor plates (8, 9), which

10 leads to ions of the liquid being conducted through a filter
wall (7). The i1ons conducted through are deposited on the
capacitor plates (8, 9) as bilayers (15, 16). By introducing
pulsed voltcage peaks, microérystalline structures which result

from ionic compcunds are precipitated and then removed from

15 the apparatus (1).

(Figure 1)
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Process and apparatus for the capacitive demineralization of

liquids contailning 1ions

Background of the Invention:

Field of the Invention:

The invention relates to a process and apparatus for the

capacitive demineralization of liquids contalning i1ons.

In the publication WO 98/17587, prior art processes and
apparatuses for water treatment, 1in particular

demineralization and decarbonization, are described.

These are based on two fundamental process principles, one

concerning decarbonization with cation-exchange resins in H”
form and the other concerning decarbonization with

precipitation of carbonates, especially lime.

The disadvantage of the known processes, 1n which the
decarbonization is realized by raising the pH, 1s seen 1n this
document in the fact that large guantities of chemical
additives have to be admixed with the water. For example, the
addition of lime milk introduces additional Ca*®' ions into the
water, which in the subsequent lime precipitation process

cannot always be precipitated out completely. On the use of

sodium hydroxide solution and soda in the drinking water
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sactor, it is stated that the limit values for sodium ions set

corresponding limats here, .. .= = =

further prcblem is seen in the high pH of the water after
the lime precipitation. Appropriate countermeasures have to

be taken fcor thnis.

In the case of electrochemical processes as an alternative, it
1s regarded as a problem that it is important for the
electrode reaction to be carried out at a voltage below the
water decomposition voltage cof 1.23 V, since otherwise H' ions
form on the énode, and they would lower the pH again. As a
result, the success of the process 1is restricted to the oxygen
present in the water and its electrochemical conversion at the

cathode.

To avoid these problems, it 1s proposed in WO S8/17587 to form
the necessary OH i1lons by electrolytic decomposition of water
at the cathode. In this case, a diapnragm 1s to be used to

prevent the CH ions froum recerrining with H i1ons formed at

the cathoce.

However, investigations carried out within the scorve of the
present invention have found that the known process and the
corresponding apparatus are relatively complex in terms of

control technology and process engineering to the extent that

it
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it is necessary to apply a voltage of higher than 1.22 V
between the cathode and the anode, and wherein an alkaline
environment in which carbonate and/or magnesium carbonate
precipitates must be created in the cathode space which 1s

created by introducing a diaphragm between the cathode and the

anode.

Summary of the Invention:

It is therefore an object of the present invention to provide
a process and apparatus for the capacitive demineralization of
ligquids containing ions which can be realized 1n a simple

manner even on an industrial scale and permit a high level of

efficiency.

According to the principles of the present invention, a
configuration of highly capacitive electrodes, which
preferably consist of a conductive material with an extremely
large surface area, is used in a filter contalner with a
filter wall or diaphragm wall. By applying an electric field,
in a next process step the ions contained in the liquid are
conducted through the filter wall of the filter container and
form a so-called bilayer on the surface of the electrode.
After that, a series of pulsed voltage peaks are introduced

into this bilayer, representing a supersaturated solution,
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which leads to the precipilitation of microcrystalline
structures resuvicing ILrxom i1onic compceounds. These
microcrystalline structures can then be removed from the

filter container.

The dependent claims contain advantageous developments of the

invention.

For instance, it 1s possible to apply either a DC voltage
field or an AC wvoltage field to the highly capacitive
electrodes or capacitor elements. A closed cup-shaped filter
wall surrounaing the highly capacitive electrodes and with a
pore size which largely prevents ingress of water but allows
the ions having a hydration sheath to pass through is

rreferably used as the diaphragm wall or filter wall.

FOr removing the precipitated microcrystalline structures,
sultable filtraction methods ¢y other retention methods may be

used.

Othexry dissolvecd 1ons which cannot pe precipitatecd by feeding
the pulsed voltage peaks can de detacned, preferably by
suitable depolarization or pclarity reversal of the capacitor
elements or nicnliv capacltive electrxcces, and extracted from

the medium by zennding on sultable suriaces or by pulsed

rinsing operatiocns.
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Especially for industrial use, the apparatus according to the
invention may preferably be constructed in a modular and
meandering form, in order to increase the efficiency and make

the polarization reversal possible without major electrical

losses.
Further details, features and advantages of the 1nvention
emerge from the following description of an exemplary

embodiment on the basis of the drawings, in which:

Brief Description of the Drawings:

Fig. 1 is a schematic, greatly simplified basic representation
of an apparatus according to the invention for the capacitive

demineralization of ligquids containing 1ons; and

Fig. 2 is a schematic view of a configuration having a coil

disposed between capacitor plates.

Description of the Preferred Embodiments:

The figure shows an apparatus 1 which has 1n the embodiment
represented an outer container 2 with an inlet 3 and outlet 4
for a liguid containing ions, which can be introduced into the

interior space 5.

Arranged in the interior space 5 of the container 2 1is a
filter container 6. The filter container 6 has a
filter/diaphragm wall 7. The filter container 6 encloses a
treatment space 17, in which highly capacitive electrodes or

capacitor elements, of which there are two i1n the case of the
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example, preferab.y in the form of capacitor plates 8, 9
having a very larce surface area, are arranged at a distance

from one another. IZ necessary, a diaphragm can also be

arranged between the capacltor plates 8, §.

The capacitor plates 8, 9 are electrically connected to a

first voltage source 10,

The container 2 also has a pressureless outlet 11, through
10 which precipitated microcrystalline structures can be removed
from the treatment srace 17 in a suitable way, for example by

corresponding differential pressure conditions.

The figure also illustrates a generating device 12 for

15 i1ntroducing voltacs peaks into the svace between the capacitor
plates 8, 9. This generating device 12 has a voltage source
13 and, in the cass of the example, & coil 14, which in the

case oI the embodiment represented in the figure 1s arranged

around the capacizcr plates 8, 9. ZA.ternatively, it 1is also

acitor plates 8, 9 a core

D

Cca

'O

20 possipble to intrcz.ce betwesn th

with a coil wouncé around it. Finally, 1t 1s also possible, by

suitable control ta2chrnolcgy devices, Ifor the capacitor plates
8, 9 to pe used Irndirectly for generating and introducing

- » a wh

voltage reaks. I pbrinciple, a plurality cf coils and cores

25 are also possible.
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If a liquid containing ions is to be treated with the
apparatus 1 according to the invention, firstly the liquid or
the liqﬁid medium is introduced into the interior space 5 of
the container 2 via thé iniet 3. .After'applying a voltage Ul
from the voltage source 10 to-the capacitor plates 8 and 9, a
migration of ions takes place thfough the diaphragm.wall 7,
whiéh.leads to the formation of two bilayers 15, 16 on the
capacitor plates B8, 9. After applying a voltage U2 and the
corresponding introduction of pulsed voltage peaks via the
coll 14 into the bilayers 15, 16, forming locally
supersaturated solutions, microcrystalline\Structures are
precipitated and can be extraéted through the use Ef special
apparatuSes, such as for e#amplefiltration apparatuses, via
the pressuréléss outlet 11 of the apparatus 1. ;dhs which
cannot precipitate can be extracted from the container by

rinsing operations or by bonding on suitable surfaces.



CA 02378039 2001-12-28

The embodiments of the invention in which an exclusive

property or privilege is claimed are defined as follows:

1. A process for a capacitive demineralization of liquids

containing ions, the method which comprises:
introducing a ligquid into a contailner;

conducting ions through a filter wall by applyiling an
electric field to capacitive capacitor elements disposed

within the filter wall;

introducing, with a coil, pulsed voltage peaks 1nto a
supersaturated solution forming on the capacitive
capacitor elements, for precipitating microcrystalline

structures resulting from i1onic compounds; and

removing the microcrystalline structures.

2. The process according to claim 1, which comprises

applying a DC voltage field.

3. The process according to claim 1, which comprises

applying an AC voltage field.

4 . The process according to claim 1, which comprises
detaching and removing further highly soluble ions present 1in

the supersaturated solution from the capacitive capacitor

~lements by polarizing the capacitive capacitor elements.

5. The process according to claim 1, which comprises

detaching and removing further highly soluble ions present 1n

-8 -
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the supersaturated solution from the capacitive capacitor

elements by a polarity reversal of the capacitive capacitor

elements.

6 .

An apparatus for a capacitive demineralization of a

liquid containing ions, comprlsing:

7.

a container formed with an interior space for receilving a

ligquid containing i1ons;

a filter container having a filter/diaphragm wall and
defining with a treatment space, said filter contailner

being disposed in the interior space of said contailner;

a capacitor element configuration disposed within the

filter container; and

a generating device having a coil, said generating device
generating voltage peaks to be introduced into the

treatment space defined by said filter contailner.

The apparatus according to claim 6, wherein said

capacitor element configuration has two capacitive capacitor

plates spaced apart from one another.

8.

The apparatus according to claim 6, including an AC

voltage field generating device connected to said capaciltor

element configuration.

9.

The apparatus according to claim 6, including a DC

voltage field generating device connected to said capacitor

element configuration.
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10. The apparatus according to claim 6, wherein said

generating device 1includes a voltage source connected

coil.

11. The apparatus according to claim 7, wherein said

provided around said capacitive capaciltor plates.

12. The apparatus according to claim 7, wherein said

provided between said capacitive capacitor plates.
13. The apparatus according to claim 7, wherein said

generating device includes a voltage source connected

capacitor plates.

-10-
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coil 1s

coll 1s

to said
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Fig. 2
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