Method and System for Removing Radioactive Nuclides from Water

The present invention concerns a method for the removal of radionuclides from
water having the characteristics described in the generic portion of Claim 1. The
invention also concerns a system for the removal of radionuclides from water

having the characteristics of the generic portion of claim 12.

Water is a precious commodity in many countries, for example in numerous Afri-
can and Arab countries in which costly measures must be taken in order to meet
the need for drinking and process water. In some countries, considerable
amounts of water are pumped from deep wells or produced by seawater desali-
nation plants. However, a problem in this connection is that water from deep wells
is often contaminated with very high concentrations of radionuclides and heavy
metal salts such as iron salts and manganese salts. In particular, water from deep
wells contains the isotopes 2?°Ra and ?28Ra, but also 226Th, which is part of the
same decay chain, where Ra denotes radium and Th thorium. These radionu-
clides are formed in particular by the decay of naturally occurring uranium. In
deep ground water, radionuclides are generally present both in the form of dis-
solved ions and bound to tiny suspended minerals. Water containing radionu-
clides may also be referred to in the following as contaminated water. Product
water produced by means of a method or system of the type mentioned above
from which radionuclides have largely been removed may therefore also be re-
ferred to as decontaminated water. Product water can then be used as drinking

water or process water or further processed into drinking water or process water.



Deep ground water can generally be purified by means of reverse osmosis meth-
ods, which allow large amounts of the load contained in the water to be removed.
In order to prevent the reverse osmosis membranes used in these methods from
being overloaded, purification by reverse osmosis is usually preceded by several
pre-purification steps. For example, these may be filtration steps by means of
which the aforementioned suspended particles and precipitated heavy metal
compounds contained in the water, as well as the radionuclides bound thereto,

are to be removed.

For example, sand filters may be used for such filtration tasks. Such sand filters
have various drawbacks. After a few months, the amounts of radionuclides ac-
cumulating in sand filters are so great that they must be replaced. Regeneration
of the filters is not feasible. The disposal thereof is problematic based only on the

extraordinarily large amounts of contaminated sand involved.

Moreover, the radionuclides contained in deep ground water, such as radium or
thorium ions, cannot be sufficiently removed by a sand filter alone. Attempts are
therefore made to precipitate the radionuclides by chemical means before the
deep ground water enters the sand filter. The resulting radioactive precipitates
can then be retained by the sand filter. For example, water-soluble barium salts
such as barium chloride can be used to cause precipitation of radionuclides.

However, barium chloride is a comparatively toxic and costly chemical.

A method and system for the removal of radionuclides from water of the afore-
mentioned type are known from WO 2013/034442 A1. In the generic method,
both an adsorption additive that has an adsorptive effect on the nuclides and a
filter device that is essentially impermeable to the adsorption additive and nu-
clides adsorbed thereto are used. In the known method, the most commonly used

adsorption additive is manganese dioxide. The known system comprises at least



one filtering station, which contains at least one filter device in a filter tank
through which water can flow. The known system also comprises at least one
dosing device for addition of the adsorption additive to the water flow. In the
known system, addition of the adsorption additive to the water flow takes place
inside a mixer with a downstream mixing tank of a mixing station upstream from
the filtering station. Inside the mixing tank, the water flow has a relatively long
residence time, which is required for homogeneous distribution of the adsorption
additive in the water flow. Homogeneous distribution of the adsorption additive in
the water flow facilitates adsorption of the nuclides contained therein. In the
known system or the known method, removal of the nuclides from the water is
carried out in such a way that the nuclides accumulate on the adsorption additive
inside the mixing tank, i.e. upstream from the respective filter device. For this
purpose, the adsorption additive must be continuously added to the water flow in
the mixing station. This addition takes place, for example, at a maximum concen-
tration of 10 ppm. The long residence time in the mixing station makes it possible
for the adsorption additive to adsorb a high percentage of the nuclides contained
in the water. In the subsequent filtering station, the adsorption additive is filtered
out together with the nuclides adsorbed thereto. In this case, a so-called filter
cake ("cake layer") may form on an inflow-side surface of the respective filter de-
vice that uniformly and slowly increases through the entire filtration process and
is composed of accumulated removed impurities, i.e. primarily the adsorption ad-
ditive with adsorbed nuclides and any other particulate impurities that may be
contained in the water. In the known method, adsorption of the nuclides to the
adsorption additive therefore takes place in the mixing station and thus upstream

from the filtering station.

Using this type of conventional system or conventional method, it is currently

possible to remove a maximum of 80% of the nuclides from the water in a single-



stage process. Further measures are therefore necessary for drinking water
quality. In particular, the method can be conducted in several stages, i.e. used
multiple times, in order to achieve a desired high filtration. Accordingly, the known

method and systems are relatively difficult to implement.

Moreover, known methods and systems take as a point of departure that the total
water flow used in pre-treatment, in which the nuclides are adsorbed using the
adsorption additive, is subjected to uniform treatment. The result is that for the
process as a whole, it is only possible to achieve identical water quality levels.
Using conventional methods or systems, partial flow treatment with different re-
moval rates of the respective nuclides according to requirements is either impos-

sible or only possible with a high degree of technical expenditure.

A residence time in the respective mixing tank of approx. 30 min. is required in
order to achieve optimally thorough mixing and adsorption of the nuclides, which
means that the mixing tank must have correspondingly large dimensions depend-
ing on the volume of the water flow to be purified. This causes a corresponding

increase in the expense of implementing this type of system.

The present invention concerns the problem of providing an improved embodi-
ment of a method or system of the type described above, characterized in par-

ticular by especially high separation efficiency and/or simplified implementability.

This problem is solved by the subject matter of the independent claims. Advanta-

geous embodiments are the subject matter of the dependent claims.

The invention is based on the general idea of carrying out adsorption of the nu-

clides to the adsorption additive directly in the respective filter device, with an ad



sorption layer being produced from an adsorption additive on an inflow-side sur-
face of the respective filter device. In this case, the adsorption layer can be pro-
duced in the form of a filter cake, with the adsorption additive being added to a
water flow flowing through the respective filter device upstream from said respec-
tive filter device. During operation of the respective system, or while the method
is being carried out, the contaminated water first flows through the adsorption
layer and then through the filter device. As the water flows through the adsorption
layer, the nuclides contained therein are adsorbed, while the respective filter de-
vice retains the adsorption additive with the accumulated nuclides in the adsorp-

tion layer.

In this method, the adsorption layer, at least at the beginning of a filtration phase
of the filtration process, is largely composed of the adsorption additive, i.e. at
least to 50%, preferably to at least 75%, and particularly preferably to at least
90%. Other components of the adsorption layer can consist of suspended parti-
cles that may also be contained in the water flow. The adsorption additive in this
case is a single chemical or a mixture of at least two different chemicals, with the
respective chemical having an adsorptive effect on the respective nuclide. For ex-
ample, a conceivable option is a mixture of chemicals that have adsorptive effects
on different nuclides. In this case, a multiple-layer adsorption layer is particularly
advantageous. For example, a first layer could be applied to the inflow-side sur-
face that is composed of the respective adsorption additive having an adsorptive
effect on the interfering nuclides, while a second layer could then be applied to
the first layer, said second layer being composed of another chemical that can
adsorb other substances contained in the water, such as substances that could

have an effect of interfering with adsorption of the nuclides.

There is an extremely high concentration of the adsorption additive in this adsorp-

tion layer, so that when water contaminated with radionuclides flows through the



adsorption layer, the nuclides are efficiently adsorbed. According to the invention,
adsorption of the nuclides is thus shifted to the area of the respective filter device,
specifically to the respective adsorption layer. In this manner, the respective filter

device acts as an adsorption filter.

Therefore, in the method according to the invention or the system according to
the invention, one can generally dispense with the upstream mixing station used
to provide a relatively long residence time of the water flow in a corresponding
mixing tank so as to provide sufficient homogenization for the desired adsorption
taking place inside the mixing tank. The equipment expenditure that would be re-
quired for such a mixing station is not needed in the invention. Specifically, the
system according to the invention is characterized in that the dosing device adds
the adsorption additive to the water flow inside a filter tank, i.e. immediately up-
stream from the respective filter device. No residence time is required. However,
it is advantageous to apply the adsorption layer as evenly as possible to the en-

tire inflow-side surface of the respective filter device.

It has also been found that the method according to the invention makes it possi-
ble to achieve markedly higher separation efficiency. In experiments, separation
efficiency was achieved of more than 90% and in some cases even more than
95%. This is explained by the fact that in the adsorption layer through which con-
taminated water flows, the migration paths of the nuclides to the adsorption addi-
tive that are sufficient to almost completely remove the nuclides contained in the

water are extremely short.

Thus, in the method according to the invention, contaminated water in the form of
a water flow is added to the respective filter device. This water flow flows through

the respective filter device and thus necessarily also through the adsorption layer,



allowing the nuclides contained in the water to be largely adsorbed by the adsorp-
tion additive. Decontaminated water can therefore be discharged by the respec-

tive filter device.

According to an advantageous embodiment, the adsorption layer is produced
from the adsorption additive, which is essentially free of nuclides. Additionally or
alternatively, an embodiment can be provided in which the adsorption layer is
produced from an adsorption additive that is at least 50%, preferably at least
75%, and particularly preferably at least 90% free of nuclides. This means that in
such cases, the adsorption additive is added to the water flow in such a manner
that there is essentially no time left before accumulation at the respective filter
device that would be sufficient for adsorption of nuclides that might be contained
in the water flow. Independently of this, it is also feasible to produce the adsorp-
tion layer by means of a water flow consisting of purified water, i.e. water that
contains no or essentially no radionuclides. In this manner, a particularly strong
adsorptive effect for the nuclides contained in the water is achieved in the adsorp-

tion layer.

According to another advantageous embodiment, the method can be carried out
in such a way that adsorption of the nuclides takes place during a filtration phase
of a filtration process largely or essentially in the adsorption layer. Additionally or
alternatively, an embodiment can be provided in which at least 50%, preferably at
least 75%, and particularly preferably at least 90% of nuclide adsorption takes
place during a filtration phase of a filtration process in the adsorption layer. Ad-
sorption of the nuclides preferably does not occur during the filtration phase until
the water reaches the adsorption layer or occurs exclusively in this layer. This
method makes it possible to largely or completely dispense with adsorption of

nuclides in the water flow upstream from the filter device. In this case, adsorption



takes place largely or completely when the water flows through the adsorption

layer.

According to another advantageous embodiment, production of the adsorption
layer can take place during a start phase of a filtration process, specifically by
means of adding the adsorption additive to water flowing through the respective
filter device. The filtration process comprises, in addition to the start phase, a fil-
tration phase following the start phase that is longer than the start phase. The fil-
tration phase should preferably be at least 10 times, and preferably at least 100
times longer than the start phase. In the filtration phase, contaminated water then
flows through the adsorption layer, with the nuclides largely being adsorbed by
the adsorption additive. The water flow to which the adsorption additive is added
during the start phase to produce the adsorption layer may consist of the contam-
inated water to be purified, and it is also possible in this case to use already puri-

fied water that contains no or essentially no nuclides.

In an advantageous improvement, the adsorption additive is added to the water
flow largely or essentially only during the start phase. Additionally or alternatively,
an embodiment can be provided in which at least 50%, preferably at least 75%,
and particularly preferably at least 90% of the entire amount of adsorption addi-
tive used during a filtration process is contained in the adsorption layer. This
means that relatively little to no adsorption additive is added to the water flow dur-

ing the filtration phase.

Provided that addition of the adsorption additive to produce the adsorption layer
takes place exclusively during the start phase, the method according to the inven-
tion involves discontinuous addition of the adsorption additive, i.e. only during the
start phase. In contrast, known conventional methods that involve a mixing sta-

tion upstream from the filtration station are characterized by continuous addition



of the adsorption additive. It has been found that in the method according to the
invention, a lower total amount of adsorption additive is required to purify a prede-
termined amount of water, said additive being discontinuously added during the
start phase, than is required in a conventional method in which the adsorption ad-

ditive is added continuously throughout the entire filtration process.

According to another advantageous embodiment, the adsorption additive for pro-
ducing the adsorption layer may be added to water flowing through one of the re-
spective filter devices at a concentration of at least 50 ppm, advantageously at
least 100 ppm, preferably at least 500 ppm, and particularly preferably at least
1000 ppm. In contrast to this, in known methods involving continuous addition of
the adsorption additive, the adsorption additive must be added at a maximum
concentration of 10 ppm. In other words, in order to produce the adsorption layer,
the adsorption additive must be added to the water flow in a percentage that is
much greater than that required for adsorption of the nuclides upstream from the
filter device. The use of this high concentration makes it possible to build up the
adsorption layer relatively quickly, so that the start phase can be correspondingly
short. In this case, addition of the adsorption additive at the aforementioned high
concentration takes place in the start phase during a predetermined dosing pe-

riod that can be shorter than the start phase, but also as long as the start phase.

In a preferred embodiment, at least one ceramic filter membrane can be used in
the respective filter device. This embodiment is based on the finding that other fil-
ter materials, for example plastic filter membranes or sand filters, are unsuitable
for the high concentrations of the adsorption additive that can be used in the

method according to the invention to produce the adsorption layer.

in an advantageous embodiment, the adsorption additive may be a solid having a

granulate-like or flake-like structure or consist largely of such a solid. The solid
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used may be solid or porous. Use of such a particle-shaped or particulate solid as
an adsorption additive is advantageous in that the adsorption layer itself has a
porous structure, making it easy for water to flow through it and making the avail-
able adsorption surface extremely large, which favors rapid adsorption. In this
case, the average particle size in the adsorption layer is preferably larger than the
average inflow-side particle size of the filter material used in the respective filter

device, such as a ceramic filter membrane.

The system according to the invention is characterized in that the respective dos-
ing device adds the adsorption additive during operation of the system, specifi-
cally during the start phase, to the water flow inside the respective filter tank or
immediately upstream thereof, i.e. immediately upstream from the respective filter
device, so that the desired adsorption layer can form in the filter device on the in-
flow side. The adsorption additive can also be added e.g. via a supply line that
feeds the contaminated water to the respective filter tank. During operation of the
system, contaminated water is added to the respective filtering station or the re-
spective filter tank, and decontaminated water is discharged from the respective
filtering station or the respective filter device. The system presented here there-
fore generally allows the addition of the adsorption additive without a mixing sta-
tion configured upstream from the respective filtering station that has a mixer and

a mixing tank.

In an advantageous improvement of the system, at least two filtering stations may
be provided, specifically at least one main flow filtering station and at least one
secondary flow filtering station. The dosing device can advantageously be config-
ured in such a way that it can add the adsorption additive to the water flow inside
the respective filter tank of the two filtering stations at individual dosages, and
specifically in such a way that the filtration rate produced in the respective main

flow filtering station is different from that in the respective secondary flow filtering
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station. The main flow is characterized by having a different, generally larger vol-
ume than the secondary flow. In a feasible example, the removal rate produced in
the main flow is less than in the secondary flow, with it being possible to subse-
quently mix the auxiliary flow with the main flow in order to achieve a desired tar-
get removal rate in the mixed flow, a process referred to as "blending." By adjust-
ing the distribution of the main flow and auxiliary flow, the same high target filtra-
tion rate can consistently be achieved in the product water, i.e. in the decontami-
nated water, even if the raw water, i.e. the contaminated water, has a varying de-
gree of contamination. Different uses for the main flow and the secondary flow

are also possible.

In another improvement, a control device for operating the system can be provid-
ed that is connected at least to the respective dosing device and is configured or
programmed in such a way that it can carry out the above-described method ac-

cording to the invention during operation of the system.

The method according to the invention takes as a point of departure that adsorp-
tion of the nuclides is directly combined with filtration. For this purpose, said ad-
sorption layer is generated completely on the inflow-side surface of the respective
filter device at the beginning of filtration, i.e. during a start phase. In this case,
dosing or mixing in of the respective adsorption additive, which should preferably
be a particulate adsorption chemical, i.e. a chemical composed of solid particles
(granulate), takes place within a relatively short period, which can last several
minutes. Uniform, continuous dosing throughout the entire filtration process
should preferably not be conducted or is not required. Within a short time, the
desired adsorption layer can form. The absolute amount of adsorption additive
required for this is comparable to and preferably even less than that used in con-
ventional continuous dosing. The adsorption additive is added in such a way that

it cannot be prematurely distributed into the water flow to be treated so that the
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adsorption surface of the adsorption additive during formation of the adsorption
layer on the inflow-side surface of the respective filter element is still clear, i.e.
free of nuclides and interfering substances. In this manner, interfering processes
caused by undesired adsorption of competing substances can be minimized. The
contaminated water to be filtered must pass through the pores of the adsorption
layer before reaching the inflow-side surface of the respective filter device. The
pores of the adsorption layer may be larger than the corresponding pores of the
respective filter device. For example, the pores of the adsorption layer may meas-
ure a few um, while the pores of the filter device are in the range of 10 nm to 600
nm, and preferably approx. 200 nm. The thickness of the adsorption layer may be

from 0.1 mm to a few mm, preferably less than 10 mm.

For adding the adsorption additive, a central dosing device may be used that
makes it possible to carry out individual dosing specifically for each filtration flow,
i.e. individually for each filtering station. In this manner, different removal rates in
the water treatment system can also be achieved in a single-stage process. This
is highly advantageous in that specified partial flows can be directly used as par-
tial product flows without further treatment. For example, a blending flow with high
removal rates is feasible. Other partial flows that are provided for further treat-
ment and further removal of other harmful substances or other impurities, for ex-
ample by means of an upstream reverse osmosis device, can be fed into the re-
spective filtration tanks with a lower dose of the adsorption additive. As a result,

operating costs can be reduced, as less adsorption additive is used overall.

As an adsorption additive, one can use manganese oxide and/or manganese di-
oxide, or a chemical that produces manganese oxide and/or manganese dioxide
in the water in situ. Additionally or alternatively, iron oxide can generally be used
as well. The preferred adsorption additive, i.e. manganese oxide and/or manga-

nese dioxide and/or iron oxide, can be directly added to the contaminated water.
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In a particularly advantageous embodiment, the respective adsorption additive is
present in the form of a porous precipitate having a particularly large inner sur-
face. For example, the specific surface area may be greater than 350 m?/g, as
determined by PET. As manganese dioxide ages and loses porosity in the pro-

cess, it should be produced whenever possible immediately prior to addition.

The manganese oxide and/or manganese dioxide used is preferably obtained by
oxidation from an aqueous manganese salt solution adjusted to a pH of between
4.5 and 9, and preferably between 7 and 9. An example of a suitable manganese
salt is manganese sulfate. An example of a suitable oxidant is potassium perman-
ganate or sodium hypochlorite. It is also possible to adjust the potassium perman-
ganate to a basic pH, for example with NaOH, and add the basic potassium per-
manganate to a slightly acidic manganese salt solution. This makes it possible to

better control the stoichiometry of the reaction.

In another embodiment, the contaminated water can be chemically treated, for
example by adding barium salt. Barium salt can promote the precipitation of ra-
dium. In this case, the barium salt can be added to the water flow upstream from
the filter device. It is also possible to add barium salt during production of the ad-
sorption layer so that it is contained in the adsorption layer in a corresponding

percentage.

Moreover, the addition of other chemicals such as ozone or atmospheric oxygen
is also possible, e.g. in order to oxidize other metals and metal ions contained in

the water, for example in order to separate iron by oxidation.

A ceramic filter membrane that is preferably used in the respective filter device
can be specifically configured as a microporous filter membrane. The respective

ceramic filter membrane should preferably be a flat membrane plate with interior
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filtrate discharge channels and an external porous separating layer on the inflow-
side surface. Such membranes are described in detail in DE 10 2006 008 453 A1.
In the present method, ceramic filter membranes should preferably be used in
which the pores, at least on the inflow-side surface, and particularly in the afore-
mentioned separating layer, have an average diameter between 80 nm and 800

nm, and preferably between 100 nm and 300 nm.

It is particularly advantageous to use plate-shaped filter membranes that can be
combined into filter units, such as described in WO 2010/015374 A1.

Ceramic filter membranes can preferably be used at a negative pressure of 100
mbar to 600 mbar so that the decontaminated product water is suctioned in
through the respective filter membrane. However, it is also possible to use the ce-
ramic filter membrane at a positive pressure, so that the contaminated water is

pressed through the filter membrane.

It is also particularly advantageous to use an adsorption additive that itself is pre-
sent in the form of a particulate solid. This applies in particular to the aforemen-
tioned manganese oxide and/or manganese dioxide and/or iron oxide. Accord-
ingly, the adsorption layer on the inflow-side surface of the respective filter device
is itself porous, with it not being possible for adsorption of the nuclides to cause
any essential blockage of this porosity. Therefore, the suitably applied adsorption
layer can by no means cause clogging of the respective filter device. Rather, a
constantly high flow can be achieved without clogging of the filter device by the

adsorption layer.

Other important characteristics and advantages of the invention are specified in
the subclaims, the drawings, and the accompanying description of the figures

with reference to the drawings.
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It is to be understood that the aforementioned characteristics and those to be ex-
plained below can be used not only in the specified combinations, but also in
other combinations or alone, without departing from the scope of the present in-

vention.

Preferred embodiments of the invention are presented in the drawings and will be
explained in further detail in the following description, with the same reference

numbers referring to the same, similar, or functionally equivalent components.

The figures are schematic representations of the following:

Fig. 1 shows a highly simplified, circuit diagram-like schematic representa-

tion of a system for removal of radionuclides from water,

Fig. 2 shows a highly simplified sectional view of a filter device in the area

of an adsorption layer.

As shown in Fig. 1, a system 1 by means of which radionuclides such as radium
isotopes can be removed from water, for example in order to produce drinking
water or process water, comprises at least one filtering station 2, 3 and at least
one dosing device 4. In the example of Fig. 1, two such filtering stations 2, 3 hav-
ing a common dosing device 4 are shown purely by way of example. Another sys-
tem 1 can also function with only a single filtering station 2, 3 or have more than

two filtering stations 2, 3. Several dosing devices 4 may also be provided.

Each of the respective filtering stations 2, 3 has a filter tank 5 or 6 in each of
which at least one filter device 7 or 8 is configured. In this case, a water flow 9 or

10 indicated by an arrow can flow through each of the respective filter devices 7,
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8. The water flows 9, 10 are supplied via a common supply line 11 that branches
at 12 in order to feed contaminated water, i.e. water containing radionuclides, to
the filter tanks 5, 6 in parallel. Separate lines 13, 14 leading away are used to
discharge the purified water, i.e. the decontaminated water or product water, from

the filter devices 7, 8.

The dosing device 4 is configured in such a way that it can add an adsorption
additive 15 indicated in Fig. 2 to the water flows 9, 10 upstream from the filter de-
vices 7, 8. The dosing device 4 can add the adsorption additive 15 to the respec-
tive water flow 9, 10 inside the respective filter tank 5, 6. A corresponding dosing
line 16 of the dosing device 4 is directly attached to the respective filter tank 5, 6.
The respective filter device 7, 8 is adjusted with respect to its filtration effect or
particle size in such a way that it is permeable to water and essentially imperme-

able to the adsorption additive 15 and the nuclides accumulated thereon.

Provided that, as shown in Fig. 1, at least two filtering stations 2, 3 are config-

ured, the one filtering station 2 can serve as the main flow filtering station 2, while
the other filtering station 3 serves as a secondary flow filtering station 3. The dos-
ing device 4 can separately add the required amount of adsorption additive 15 to
the separate filtering stations 2, 3 or supply it to the respective filter tank 5, 6. It is
advantageous to carry out dosing of the adsorption additive 15 to the two filter

tanks 5, 6 individually in such a way that different filtration rates can be set at the

two filtering stations 2, 3.

For operation, the system 1 should preferably be equipped with a control device
17 that is attached for example via a control line 18 to the dosing device 4. The
control device 17 should preferably be configured or programmed in such a way
that it can carry out the method for the removal of radionuclides from water ex-

plained in detail above and summarized below while the system 1 is in operation.
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In order to remove the nuclides from the contaminated water, for example in or-
der to produce product water that can be used as drinking or process water or is
to be processed into drinking or process water, the adsorption additive 15 is con-
figured in the filter tanks 5, 6 in such a way that an adsorption layer 20 is formed
from the adsorption additive 15 as shown in Fig. 2 on an inflow-side surface 19 of
the respective filter device 7, 8. The adsorption layer 20 is produced from the ad-
sorption additive 15, which is essentially still free of nuclides, so that adsorption of
the nuclides essentially takes place during a filtration phase of a filtration process
only when it reaches the adsorption layer 20, and preferably exclusively in said

layer.

For example, this kind of adsorption layer 20 can be produced by adding the ad-
sorption additive 15 during a start phase of the filtration process to the respective
water flow 9,10 flowing through the respective filter device 7, 8. During the start
phase, the respective water flow 9, 10 cannot be composed of uncontaminated or
already purified water. However, it is generally possible to use contaminated raw
water during the start phase in order to apply the adsorption layer. By addition of
the adsorption additive 15 to the water flow 9, 10 flowing through the respective
filter device 7, 8, the adsorption layer 20 automatically forms as a filter cake on
the inflow-side surface 19 of the respective filter device 7, 8. Addition of the ad-
sorption additive 15 to the respective water flow 9, 10 or the respective filter tank
5, 6 should preferably be carried out in such a way that to the extent possible, the
entire inflow-side surface 19 of the respective filter device 7, 8 is loaded as uni-
formly as possible with the adsorption additive 15. The start phase can last a few
minutes. In any case, the start phase is much shorter than the subsequent filtra-
tion phase, in which the nuclides can be removed from the contaminated water by

the adsorption layer 20.
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Addition of the adsorption additive to the water flow 9, 10 should preferably be
carried out exclusively during the aforementioned start phase so that no addition
of the adsorption additive 15 takes place during the much longer filtration phase
in particular. The addition of the respective adsorption additive 15 during the start
phase or during a dosing period within the start phase is carried out at a relatively
high concentration, which for example can be at least 50 ppm or at least 100
ppm, preferably at least 500 ppm, and particularly preferably at least 1000 ppm.
Here, the absolute amount of the adsorption additive depends on the contamina-
tion of the raw water, the volume flow of the raw water, and the absolute amount
of the raw water to be purified during the filtration process. At the end of the filtra-
tion process, the adsorption layer 20 should ideally be almost saturated with the
adsorbed nuclides. For a new filtration process, the respective filter device 7, 8
may be regenerated, for example by means of backflushing, in which the ex-
hausted or used adsorption layer 20 is rinsed off the inflow-side surface of the
filter device 7, 8. After this, a new, unused adsorption layer 20 can be applied in a

new start phase.

In a particularly advantageous embodiment, the filter device 7, 8 is equipped with
at least one ceramic filter membrane 21 that has at least a part of the inflow-side
surface 19 of the respective filter device 7, 8. According to Fig. 2, the filter mem-
brane 21 has at least one internal channel 22 through which the purified water
flow 9, 10 enters and from which the purified water flow 9, 10 can be discharged
from the respective filter device 7, 8. The filter membrane 21 should preferably

have a particle size in the single- or double-digit nm range.

As an adsorption additive 15, a solid is preferably used that is granular or floccu-
lar, i.e. is used in the form of particles. The solid used may be solid or porous.
This provides the adsorption layer 20 with a porous structure. The porosity of the

adsorption layer 20 is preferably within the single- or double-digit um range. The
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porosity of the adsorption layer 20 can generally also be less than that of the filter

membrane 21.

Purification or decontamination of the water is conducted by means of adsorption
of the nuclides to the adsorption additive 15 that takes place while the water flows
through the adsorption layer 20 in such an efficient manner that an adsorption

rate of at least 90% to 85% can be achieved.

kkkkk
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Claims

1. Method for the removal of radionuclides from water,

- wherein at least one adsorption additive that has an adsorptive effect on the

nuclides is used, and

- wherein at least one filter device that is impermeable to the respective adsorp-
tion additive is used,

wherein
an adsorption layer is produced from the adsorption additive on an inflow-side

surface of the respective filter device.

2. Method as claimed in claim 1,

wherein
the adsorption layer is produced from an adsorption additive that is essentially

free of nuclides.

3. Method as claimed in claim 1 or 2,

wherein
the adsorption layer is produced from an adsorption additive that is at least 50%

free of nuclides.

4. Method as claimed in one of claims 1 through 3,

wherein
adsorption of the nuclides takes place during a filtration phase of a filtration pro-

cess largely or essentially in the adsorption layer.

5. Method as claimed in one of claims 1 through 4,

wherein
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at least 50% of adsorption of the nuclides takes place during a filtration phase of

a filtration process in the adsorption layer.

6. Method as claimed in one of claims 1 through 5,

wherein

production of the adsorption layer takes place during a start phase of a filtration
process by means of addition of the adsorption additive to a water flow flowing

through the respective filter device.

7. Method as claimed in claim 6,
wherein

the adsorption additive is added to the water flow largely or essentially only dur-

ing the start phase.

8. Method as claimed in one of claims 1 through 7,
wherein
at least 50% of the total adsorption additive used during a filtration process is

contained in the adsorption layer.

9. Method as claimed in one of claims 1 through 8,

wherein,
in order to produce the adsorption layer, the adsorption additive is added to a wa-

ter flow flowing through one of the respective filter devices at a concentration of at

least 50 ppm.

10. Method as claimed in one of claims 1 through 9,
wherein

at least one ceramic filter membrane is used in the respective filter device.
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11. Method as claimed in one of claims 1 through 10,

wherein

the adsorption additive is a particulate solid.

12. System for removal of radionuclides from water,

having at least one filtering station that contains at least one filter device in a
filter tank, through which a water flow can flow, and

having at least one dosing device for addition of an adsorption additive to the
water flow,

having a control device for operating the system that is connected to the re-
spective dosing device and is configured and/or programmed so that during

operation of the system, it carries out the method as claimed in one of claims 1

through 11.

wherein
the respective dosing device is arranged and/or configured in such a way that it

can add the adsorption additive to the water flow inside the respective filter tank

or immediately upstream thereof.

13. System as claimed in claim 12,

wherein

at least two filtering stations are provided, specifically at least one main flow
filtering station and at least one secondary flow filtering station, and

the dosing device for addition of the adsorption additive to the water flow inside
the respective filter tank of the at least two filtering stations is configured in
such a way that a filtration rate is produced in the respective main flow filtering

station that is different from that in the respective secondary flow filtering sta-

tion.



