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Treatment Device and Method for Destructing Micro-Organisms

in Gaseous or Liquid Media

Field of the invention

The present invention relates to a treatment device, which is
adapted for destructing micro-organisms in a gaseous or lig-
uid medium to be treated, in pafticular to a treatment de-
vice, which is configured for a through-flow of the medium
through a treatment substance, wherein micro-organisms in-
cluded in the medium are destructed (destroyed) by an inter-
action with the treatment substance. Furthermore, the present
invention relates to a method of treating a gaseous or liquid
medium for destructing micro-organisms included therein. Ap-
plications of the invention comprise water-cleaning, e. g.
for disinfection purposes, environmental tasks or providing
drinking water, or air flow cleaning, e. g. in an air condi-

tioning device.

Technical Background of the invention

Conventional treatment methods for removing micro-organisms
in water t?pically are based on one of the following two ap-
proaches. Firstly, it is generally known to kill the micro-
organisms, e. g. with an UV irradiation or using chemical
substances. The micro-organisms are destructed by the impact
of the high-energy photons or the deadly effect of the chemi-
cal substance. Despite of the high efficiency of those con-
ventional processes for killing the micro-organisms, they
have substantial disadvantages in terms of technical complex-
ity of an irradiation unit, which necessarily requires a pow-

er supply, and the contamination of the water with the chemi-
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cal substance, respectively. Typically, chemical treatment of
water does not provide drinking water, but rather requires

further cleaning steps removing the chemical substance.

A second approach for removing micro-organisms from water is
based on a filtering process. The water is flown through a
filter substance, wherein the micro-organisms are adhered to
the filter substance, e. g. by mechanical filtering and/or by
a chemical adsorption to the filter substance. Examples of
filtering techniques are described e. g. in US 6 818 130 B1,
wherein microporous filter media, e. g. nonwoven microfiber
glass web or charge-modified media, are used for capturing,
killing or deactivating the micro-organisms. Another widely
used technique is based on filtering water in a sand layer or
in a glass granulate layer (GB 2 413 124 A). The glass granu-
late used in GB 2 413 124 A comprises glass pellets having a
sub-angular shape, i.e. being rounded at the edges, and hav-
ing a typical size above 1 mm. The glass pellets have a me-
chanical filtration effect and provide an adsorption on the
surfaces thereof. They act as a surface catalytic filter me-
dia. Further filtering techniques are described in US

2007/0007213 Al and US 2002/0104810 Al.

The conventional filter-based treatment methods have inherent
disadvantages in terms of the need of a relatively high flow
pressure as well as the requirement of periodical filter sub-
stance regeneration. Sand or glass granulate filters or even
thin membrane filters require a relatively high pressure of
the water when flowing through the filter material. Providing
a complex pressure unit can be avoided only if extended lay-
ers of the filter material, e. g. in the earth, are used. The
regeneration is necessary as the filter material will be

clogged by the micro-organisms after a certain period of use.
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Summary of the invention

Embodiments of the invention seek to provide an improved
treatment device, which is adapted for destructing micro-
organisms in a gaseous or liquid medium to be treated, where-
in the treatment device is capable of avoiding disadvantages
of conventional techniques. In particular, the disadvantages
of both conventional destructing and filtering approaches are
to be avoided. In particular, embodiments of the invention
also seek to provide a treatment device, which has a reduced
complexity, has a high efficiency, does not require addition-
al treatments and/or can be implemented with reduced or with-
out consumption of electrical power. Furthermore, embodiments
of the invention also seek to provide an improved method of
treating a gaseous or liquid medium for destructing micro-
organisms included in the medium, avoiding disadvantages of

conventional techniques.

There is disclosed a treatment device and a method of treat-
ing a gaseous or liquid medium, comprising the features of
the independent claims, respectively. Advantageous embodi-
ments and applications of the invention are defined in the

dependent claims.
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According to a first aspect of the invention, there is pro-
vided a treatment device, which is adapted for destructing
micro-organisms in a gaseous or liquid medium to be treated,
comprising:

- a treatment substance having an inner hollow structure and
being contained in an enclosure accommodating a flow of the
medium through the inner hollow structure, wherein

— the inner hollow structure has internal cutting edges which
are arranged for destructing the micro-organisms by a mechan-
ical contact of the micro-organisms with the cutting edges of

the hollow structure.

According to a second aspect of the invention, there is pro-
vided a treatment plant, which is adapted for destructing mi-
cro-organisms in a gaseous or liquid medium to be treated,
including multiple treatment devices as defined in the first

aspect.

According to a third aspect of the invention, there is pro-
vided a treatment plant, wherein the treatment devices are

coupled in parallel or in series.

According to a fourth aspect of the invention, there is pro-

vided a method of treating a gaseous or liquid medium includ-
ing micro-organisms, wherein a treatment device as defined in
the first aspect is used, comprising the steps of:

— flowing the medium through the treatment substance, and

— destructing the micro-organisms by mechanically contacting

the micro-organisms with the internal cutting edges of the

hollow structure.



3b

There is disclosed a treatment device, which is adapted for

mechanically destructing (destroying, deactivating) micro-

organisms in a gaseous or liquid
tact of the micro-organisms with
treatment substance has an inner
through-flow of the medium to be

treatment substance is contained

medium by a mechanical con-
a treatment substance. The
hollow structure allowing a
treated. Furthermore, the

in an enclosure
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accommodating the treatment substance and accommodating the
flow of the medium through the inner hollow structure of the
treatment substance. The enclosure is completely or partially
filled with the treatment substance. According to the embodi-
ments of the invention, the inner hollow structure of the
treatment substance has internal edges (sharp edges), which
are arranged for destructing the micro-organisms by the mutu-
al mechanical contact thereof. The internal edges are config-
ured such that micro-organisms flowing with the medium
through the treatment substance are destructed, in particular
cut, torn and/or punctured by the internal edges. The inter-
nal edges are cutting edges, as they have a capability of

dissecting (fragmenting, cutting) the micro-organisms.

There is also a method of treating a gaseous or liquid medium
including micro-organisms, wherein the treatment device de-
scribed above is used. According to embodiments of the inven-
tion, the method comprises a step of flowing (pressing) the
medium through the treatment substance. Furthermore, the
method comprises a step of destructing the micro-organisms by
a dissection thereof at the cutting edges of the inner hollow

structure of the treatment substance.

Treating the medium generally comprises a destruction of liv-
ing micro-organisms included in the medium, i. e. changing
the micro-organisms such that they are no longer viable, by
the mechanical interaction of the micro-organisms with the
internal cutting edges of the treatment substance. In partic-
ular, the inventive treatment comprises a mechanical disin-
fection of the water or air. Thus the treatment substance is

also called destruction mass.
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The inventor has found, that flow forces (shear forces) are
created in the medium by flowing it through the hollow struc-—
ture. In particular by the effect of the enclosure encapsu-
lating the treatment substance, the flow forces have a main
direction parallel to the flow direction through the enclo-
sure. Micro-organisms included in the medium hit the cutting
edges of the hollow structure, where portions of the micro-
organisms, like flagella of bacteria, are cut and/or the cell
membrane of the micro-organisms is destroyed. Additionally,
the flow forces include turbulent forces, which are created
by the effect of the cutting edges. The destructing grinding
and milling effect of the edges is enhanced by the turbulent
forces. The medium flow has the additional effect that the
residual parts of the micro-organisms are carried through the
treatment substance, i. e. the treatment substance as such

substantially has no filtering effect.

As a main advantage of embodiments of the invention, the mi-
cro-organism destruction and thus the removal of potentially
living organisms from gaseous or ligquid media is obtained by
the flow of the medium through the treatment device only. The
medium to be treated can be free of chemical substances dis-—
integrating the micro-organisms. The destructing effect of
the edges is supported by the inner pressure of micro-
organism cells, which can be e. g. 2 at in bacteria. The pro-
vision of complex irradiation devices or chemical substances
can be avoided. Furthermore, embodiments of the invention
does not require an additional shaking or vibrating device
for creating flow forces in the medium. Furthermore, the

treatment device can be operated with a long-term stability.

As a further advantage, the medium cleaning effect of the
treatment device is not restricted to specific micro-

organisms, but rather obtainable with any living micro-
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organisms, which can be included in gaseous or liquid media.
Generally, the term “micro-organism” covers any single cell
or multicellular organism having a size below 50 pm, includ-
ing prokaryotic cells, like bacteria and archaea, or eukary-
otic cells, like protozoa, fungi, algae, green algae or mi-
croscopic animals. Preferably, bacteria, in particular Esche-
richia coli and Legionella bacteria and/or algae are elimi-
nated from water. The term “micro-organism” includes also vi-

ruses.

According to a preferred embodiment of the invention, the
treatment substance comprises particles arranged in the en-
closure. The particles provide a packed bed, which forms the
hollow structure of the treatment substance in the enclosure.
The cutting edges of the hollow structure are provided by the
surface shape of the particles. Using sharp edged particles
as the treatment substance has particular advantages in terms
of adapting the shape of the treatment substance to the inner
space of the enclosure and the optional cleaning of the
treatment substance after a certain period of use. Commer-
cially available particles can be used, or they can be manu-

factured by milling treatment substance material.

Advantageously, the inventor has found that the particles can
be made of various materials, including metal, glass, ceramic
or diamond (diamond dust) or mixtures thereof, each having
the edges on the particle surfaces. Preferred examples of
metals comprise steel, copper or even aluminium. A preferred
example of a ceramic is corundum, like the commercial product

Korox (trade name).

Preferably, the particles of the treatment substance have a
size above 10 pm, particularly preferred above 20 pm, e. g.

50 pm or larger. If the particles are smaller than 10 um,
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there is a risk of clogging of the hollow structure by the
micro-organisms. quthermore, the particles preferably have a
size below 500 pm, particularly preferred below 250 pm, e. g.
200 pm or smaller. With particles having a size above 500 um,
the destructing effect of the treatment substance could be

reduced.

The micro-organisms included in the gaseous or liquid media
are destroyed by intersecting the cell membrane or cell wall
thereof by the effect of the cutting edges in the hollow
structure. The stability and resistance of the treatment sub-
stance and the destructing effect can be improved if the
treatment substance has a sufficient hardness for withstand-
ing the fldw forces and the impact of the micro-organisms.
The inventor has found that the treatment substance which is
used for manufacturing the particles, preferably has a Mohs
hardness of at least 5, in particular at least 6. Additional-
ly or alternatively, the hardness is selected such that the
sharp edges of the particles are inflexible, and they have a
fixed shape when subjected to the mechanical contact with the

micro-organisms in the flowing media.

According to further preferred embodiments of the invention,
the hollow structure of the treatment substance has at least
one of the following gebmetric features. Preferably, inner
spacings of the hollow structure have a width of at least 30
pm, particularly preferred at least 50 pm or at least 100 pm.
Depending on the micro-organisms, larger spacings can be pro-
vided, e.g. 250 pm or larger. Above these limits, the effect
of the flow forces is improved and the risk of clogging is
reduced. Furthermore, the treatment substance is dimensioned
such that the medium flow with residual parts of the micro-

organisms can pass the inner spacings.
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Furthermore, the cutting edges preferably have a spike or
needle shape and/or a blade shape. Advantageously, the needle
shape provides puncture points, while the blade shape can act
like a knife. Preferably, the edges, in particular the tips
or blade lines thereof, have a radius of curvature below 1

pm, particularly preferred below 0,5 um.

According to embodiments of the invention, the particles of
the treatment substance may comprise various materials, i.e.
the treatment substance can comprise a mixture of different
materials, shapes and/or sizes. Preferably, the particles are
made by breaking the respective material, e. g. by crushing

glass.

According to embodiments of the invention, the medium to be
treated is flown through the treatment device. To this end,
the enclosure preferably has at least one input opening,
which is adapted for applying the medium with a drive pres-—
sure to the treatment device, e. g. for supplying the medium
with a pressure above atmospheric pressure. With a preferred
example, the input opening is provided with a connector ac-
commodating a tube, hose or funnel guiding the gaseous or

liquid medium to be treated.

With a further preferred embodiment of the invention, the
treatment device can be provided with a driving device, which
is adapted for flowing the medium through the treatment sub-
stance, e. g. for applying the drive pressure to the medium.
Advantageously, there are no particular requirements with re-
gard to the flow rate. With preferred examples, the flow rate
can be selected in a range of 0,1 ml/s to 10 ml/s, in partic-
ular 0,3 ml/s to 2 ml/s. Thus, various types of driving de-
vices can be used, which can be selected in dependency on the
particular application according to embodiments of the inven-—

tion. The driving device
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can be driven electrically or manually. According to a first
variant, the driving device comprises a screw conveyor. Ad-
vantageously, the screw conveyor can be included in the tube
or hose connected with the treatment device. The screw con-
veyor can be driven with a motor or by hand. According to a
second variant, a pump device can be provided, which creates
the drive pressure in the medium to be treated. Again, an
electrically driven or manually driven pump device can be
used. A manually driven pump device is e. g. a bike pump or a
balloon pump. As a further alternative or additional measure,
a suction device can be provided at a downstream end of the
treatment device. As a further particularly preferred embodi-
ment of the invention, the drive device may comprise a hydro-
static pressure device. In particular for cleaning a liquid
medium, the medium can be arranged in a container above the
treatment device, wherein the container is connected via a
pressure tight closed tubing with the enclosure. The medium

flow is created by gravitational forces only.

According to a further advantageous embodiment of the in-
ventive treatment device, a barrier element can be arranged
at a downstream end of the treatment substance, in particular
at an output opening of the enclosure. The barrier element is
permeable for the medium to be treated and impermeable for
the treatment substance. As an example, the retaining element
may comprise a mesh having mesh openings smaller than the
typical particle size of the treatment substance. The provi-
sion of the barrier element facilitates holding the treatment
in the enclosure and applying an increased drive pressure for

increasing the flow rate through the treatment substance.

Preferably, the barrier element additionally is adapted as a
filter element. The filtering barrier element is permeable

for the medium to be treated, but impermeable for the treat-
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ment substance and the residuals of the micro-organisms, in
particular for the destroyed micro-organisms. Advantageously,
the filtering barrier element provides a final filtering of
the medium, thus increasing the cleaning effect of the treat-
ment device.

As a further advantage according to embodiments of the inven-
tion, multiple applications of the treatment method are
available. According to a preferred application, the medium
to be treated comprises water, which is cleaned for providing
drinking water. Embodiments of the invention are used for hy-
gienic cleaning wastewater treatment. As a particularly im-
portant advantage, test experiments of the inventor have
proven that by the inventive treatment of water including
bacteria the micro-organisms can be removed to a degree that
there is no health risk for a person drinking the water. With
alternative applications of the embodiments of the invention,
ballast water in a ship can be cleaned, or water in a fish

farm can be cleaned.

The application of embodiments of the invention is not re-
stricted to liquid media, but also possible with gaseous me-
dia. As an example, an air flow of an air conditioning device
can be flown through the treatment device for destroying mi-

cro-organisms included in the air flow.

Advantageously, the effect of the inventive treatment method
can be improved if the medium is repeatedly flown through a
treatment substance. A cascade of treatment devices can be
provided. The cascade may comprise a parallel and/or serial
multistage arrangement of treatment devices, wherein any fur-
ther treatment device is coupled with the output opening of
the enclosure of a foregoing treatment device, and/or a cir-
culation arrangement, wherein the medium is redirected to the

input opening of the enclosure after a treatment. The multi-
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stage arrangement may comprise e. g. two or more, e. g. 10,

20 or even more treatment devices.

Accordingly, a treatment plant including multiple treatment
devices according to the above first aspect of the invention

represents an independent subject of the invention.

According to a further advantageous variant of the inventive
method, a step of regenerating the treatment substance can be
provided. The treatment substance, in particular the parti-
cles can be removed from the enclosure and subjected to a
washing process. Advantageously, the washing process can com-
prise washing in pure water. The addition of chemical washing

media is not necessary.

As a further advantageous modification of the inventive meth-
od, the medium to be treated can be filtered before or after
flowing through the treatment substance. Filtering removes
larger particles or impurities from the medium, so that a

clogging of the treatment substance is avoided.

Brief description of the drawings

Further details and advantages of the invention are described
in the following with reference to the attached drawings,

which show in:

Figure 1: schematic illustrations of a first embodiment of
the treatment device and treatment method according

to the invention;

Figures 2 to 4: schematic illustrations of further embodi-
ments of the treatment device according to the in-

vention;
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Figure 5: schematic illustrations of arrangements of multiple

treatment devices; and
Figure 6 and 7: schematic illustrations of further embodi-
ments of the treatment device according to the in-

vention.

Preferred embodiments of the invention

Preferred embodiments of the invention are described in the
following with exemplary reference to a treatment device hav-
ing a cylindrical, tubular enclosure. It is emphasized that
the inventive treatment device can be manufactured with an
enclosure having another shape, e. g. a cubic or flat shape.
Furthermore, the implementation of the invention is not re-
stricted to the removal of micro-organisms from water as de-
scribed in the following. The media to be treated correspond-
ingly may comprise watery solutions including micro-
organisms, or gases, in particular air. As an example, for
cleaning air, the treatment device can be integrated into a

circulation branch of an air conditioning system.

Figure 1 schematically illustrates features of the treatment
device and the treatment method according preferred embodi-
ments of the invention. The treatment device 100 comprises a
treatment substance 10, which 1s arranged in an enclosure 20.
Furthermore, with the illustrated example, the treatment de-
vice 10 comprises a tube 30, a driving device 40 and a medium
container 50 (Figure 1A). The container 50 may be a closed or
open container being made of an inflexible or flexible mate-
rial and accommodating the medium 1 to be treated. As an ex-
ample, thevmedium container 50 may comprise a water reservoir

for supplying drinking water. As a further example, the medi-
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um container 50 may comprise a bag, having a size of an infu-
sion bag. This embodiment could be used to purify water vol-

umes of 500 ml or less.

The treatment substance 10 comprises particles 11 with cut-
ting edges 12 (Figures 1B, 1C). The particles 11 are schemat-
ically illustrated in the enlarged Figures 1B and 1C for il-
lustrative purposes. It is emphasized that Figures 1B and 1C
are schematic illustrations only. The shape and arrangement
of the particles 11 can deviate from the illustrations in de-
pendency on the particular particle material used. With a
preferred example, the particles 11 are made of corundum hav-
ing a cross sectional dimension of about 50 pm or glass hav-
ing a cross sectional dimension of about 100 pm to 150 um.
The corundum particles have points and tips on the particle
surface providing the cutting edges 12 of the treatment sub-

stance.

The enclosure 20 comprises a tubular body, which is made of
e. g. plastic or metal, like steel. The enclosure 20 is con-
figured for accommodating the flow of a medium 1 including
micro-organisms 2 flowing along a longitudinal (axial) direc-
tion of the enclosure 20 (see large arrows in Figure 1A). The
longitudinal length of the enclosure 20 and the treatment
substance bed can be selected in dependency on the particular
application, it is e. g. 20 cm. The inner diameter of the en-

closure 20 is e. g. 2,5 cm.

At an upstream end of the enclosure 20, an input opening 21
with a connector 22 are provided. The connector 22 allows a
screw connection with the tube 30 guiding the medium 1 to the
treatment substance 10. Furthermore, the input opening 21 can

be provided with a changeable input filter 23 which removes
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particles or impurities from the medium to be treated, so

that a risk of clogging the treatment substance is reduced.

At a downstream end of the enclosure 20, a barrier element 24
is provided just before an output opening 25 of the enclosure
20. The barrier element 24, which is supported by a holding
ring 26, retains the treatment substance 10 within the enclo-
sure 20. As an example, a steel mesh is used as the barrier

element 24.

The tube 30 is a solid or flexible connection between the me-
dium container 50 and the enclosure 20. The schematically
shown driving device 40, which comprises e. g. a pump, cre-
ates a drive pressure in the medium. The driving device 40
can be omitted, and the drive pressure can be generated as a
hydrostatic pressure due to the gravitational force of the
medium 1. Alternatively,‘the drive pressure can be generated
by manually pumping the medium, e. g. by squeezing the medium

container.

For treating the medium 1, the enclosure 20 with the treat-
ment substance 10 is connected via the tube 30 to the medium
reservoir 50. The driving device 40 is activated for flowing
the medium 1 through the particles 11 of the treatment sub-
stance 10. Micro-organisms 2, as schematically shown in Fig-
ure 1C, hit sharp cutting edges 12 of the particles 11, so
that the cell membrane 3 or cell wall of the micro-organism 2
is torn apart by the effect of the edges 12 and the flow. The
remaining parts of the micro-organism are flown with the me-
dium 1 through the inner space of the treatment substance 10

towards the downstream end thereof.

Figure 2 schematically illustrates a modified embodiment of

the treatment device 100 comprising the treatment substance
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10 accommodated in the enclosure 20. Further parts of the
treatment device 100, like the connection with a reservoir,
the optional driving device and the reservoir as such are not
shown in Figure 2. For showing that the longitudinal length
of the treatment device 100 can be chosen, the enclosure 20
is shown with a broken design. The difference of the embodi-
ment of Figure 2 compared with the embodiment of Figure 1 is
given by the design of the barrier element 24, which is ar-
ranged with the holding ring 26 at the downstream end of the
enclosure 20. The barrier element 24 is a combined retaining
and filter element. It is adapted for retaining the treatment
substance 10 and collecting residuals of the destroyed micro-
organisms. The barrier element 24 comprises e. g. a porous

material.

A further modification of a treatment device 100 according to
the invention is schematically shown in Figure 3. With this
embodiment, the enclosure 20 accommodates both the treatment
substance 10 and the driving device comprising a screw con-
veyor 41. With the screw conveyor 41, the medium flow through
the treatment device 10 is driven. It is one of the important
results of the invention, that even a slow medium flow having
a flow rate of e. g. 0,1 ml/s is sufficient to create de-
structing forces at the edges 12 of the particles 11 (see
Figure 1C). As an alternative to Figure 3, the driving device

may comprise a manually driven pump, like a bike pump.

As shown in Figure 3, the barrier element 24 may comprise a
layer of activated carbon. The layer of activated carbon is
permeable for the medium to be treated. Advantageously, in-
convenient odor or taste can be removed from the medium using

the activated carbon.
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Figure 4 schematically shows a perspective view of the down-
stream end of the enclosure 20 with the output opening 25.
The output opening 25 is closed by the barrier element 24,

which is permeable for the liquid, e. g. water, only.

According to the invention, multiple treatment devices 100
can be combined, e. g. as a bundle, as shown in Figure 5A,
and/or in series, as shown in Figure 5B. These embodiments
may have advantages for adapting the cleaning capacity in de-
pendency on the particular application of the inventive
treatment method. Each of the treatment devices 100 within
the bundle and/or serial connection can be structured as
shown e. g. in the remaining figures. The arrow in Figure 5A
illustrates that the multiple treatment devices 100 can be
provided with a circulation arrangement. The medium can redi-
rected to the input opening of the enclosure after a treat-
ment. Figure 5B shows the treatment devices 100 before assem-
bling them. Inner and outer windings 27 are provided at the
axial ends of the enclosure 20, resp., so that the treatment

devices 100 can be connected by screwing.

According to a further advantageous embodiment of the inven-
tion, which is schematically shown in Figure 6, the inventive
treatment device 100 can be connected with a water tap 60.
The water tap 60 is connected e. g. with a water supply sys-
tem or a water reservoir (not shown). By the effect of the
internal pressure of the water supply system, the water is
driven through the treatment device 100. During the flow of
the water through the treatment device 100, micro-organisms
eventually contained in the water are killed. The water pro-
vided at the downstream end of the treatment device 100 has
drinking quality. It can be used without additional cleaning

steps.
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As an alternative to Figure 6, the inventive treatment device
100 can be integrated at another location of a water supply,

e. g. within a tube thereof.

Alternatively, water from a medium container 50 can be pumped
to a funnel 70 connected with the input opening 21 of the
treatment device 100, as shown in Figure 7. The medium to be
treated flows through the treatment substance 10 by the ef-
fect of gravitational forces. During the flow, micro-
crganisms contained in the medium are killed as described

above.
Test result

Test of the inventive treatment device according to Figure 1
were carried out by treating polluted sewage water from a
commercial sewage purification facility. The polluted sewage
water contained a high concentration of Escherichia coli. One
litre of the water was placed under a pressure of 3 kg/cm and
purified in the treatment device. Four different setups were
used, with 250 ml of the water being forced through 1, 2, 4
and 8 cm longitudinal length of the treatment substance, re-
spectively. After each test the system was cleaned using 1
litre of pure water before another 250 ml of sewage water was
forced through the system. After the tests, the treatment
substance and the entire treatment device was flushed with 1
litre of distilled water and samples were taken to record how

many E. coli were still alive.

The polluted water contained 1 530 E. coli /100 ml, and the
purificatiqn efficiency through 1 cm destruction mass was
96.2 %. Doubling the thickness of the mass increased the pu-
rification efficiency to 99.8 %, and a further doubling to 4

cm thickness increased the purification to 99.99 %. In the
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last setup, using 8 cm thickness of the destruction mass, no

E. coli were recorded in the 4 samples of purified water.

Furthermore, the inventive treatment device was investigated
in further two separate ways: firstly, by "washing” through
the purification system a litre of pure water immediately af-
ter use to see what living microorganisms could be washed
out, and secondly, by examining the living microorganisms re-
maining in the destruction mass after the test. Both tests
showed that the active part of the inventive treatment device
is not a filter, but actually kills a large proportion of the

bacteria.

The features of the invention disclosed in the above descrip-
tion, the drawings and the claims can be of significance both
individually as well as in combination for the realization of

the invention in its various embodiments.



10

15

20

25

30

19

Claims

1. Treatment device, which is adapted for destructing mi-
cro-organisms in a gaseous or liquid medium to be treated,
comprising:

- a treatment substance having an inner hollow structure and
being contained in an enclosure accommodating a flow of the
medium through the inner hollow structure, wherein

— the inner hollow structure has internal cutting edges which
are arranged for destructing the micro-organisms by a mechan-
ical contact of the micro-organisms with the cutting edges of

the hollow structure.

2. Treatment device according to claim 1, wherein
— the treatment substance comprises particles being arranged

in the enclosure and having the cutting edges.

3. Treatment device according to claim 2, including at
least one of the features

- the treatment substance comprises at least one of metal, in
particular steel, copper or aluminium, glass, ceramic and di-
amond particles, and

— the particles have a size above 10 pm, in particular above

20 pm, and below 500 pm, in particular below 250 pm.

4. Treatment device according to one of the foregoing
claims, including at least one of the features
— the treatment substance has a Mohs hardness of at least 5,

in particular at least 6, and
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— the treatment substance has a hardness such that the cut-
ting edges have a fixed shape when subjected to the mechani-

cal contact with the micro-organisms.

5. Treatment device according to one of the foregoing
claims, including at least one of the features

— the cutting edges have at least one shape selected from a
needle shape and a blade shape, and

— the cutting edges have a radius of curvature below 1 um,

in particular at below 0,5 um.

6. Treatment device according to one of the foregoing
claims, wherein

— the enclosure has at least one input opening, which is con-
figured for applying a drive pressure to the medium to be

treated.

7. Treatment device according to claim 6, wherein
— the input opening comprises a connector for connecting the

enclosure with a tube guiding the medium to be treated.

8. Treatment device according to one of the foregoing
claims, further comprising
- a driving device, which is adapted for driving the flow of

the medium through the treatment substance.

9. Treatment device according to claim 8, wherein the
driving device comprises

— a screw conveyor,

- a pump device,

- a suction device, or

— a hydrostatic pressure device.
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10. Treatment device according to one of the foregoing
claims, further comprising at least one of

— a medium container accommodating the medium to be treated
and being in fluid communication with the enclosure,

- a barrier element arranged at an output opening of the en-
closure, wherein the barrier element is permeable for the me-
dium to be treated and impermeable for the treatment sub-

stance.

11. Treatment device according to claim 10, wherein
— the barrier element is impermeable for the destroyed micro-
organisms, and/or

— the barrier element includes activated carbon.

12. Treatment plant, which is adapted for destructing mi-
cro-organisms in a gaseous or liquid medium to be treated,
including multiple treatment devices according to one of the

foregoing claims.

13. Treatment plant according to claim 12, wherein

- the treatment devices are coupled in parallel or in series.

14. Method of treating a gaseous or liquid medium includ-
ing micro-organisms, wherein a treatment device according to
any one of claims 1 to 12, comprising the steps of:

— flowing the medium through the treatment substance, and

— destructing the micro-organisms by mechanically contacting
the micro-organisms with the internal cutting edges of the

hollow structure.
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15. Method according to claim 14, including at least one
of the features

- the medium is pumped and/or sucked through the treatment
substance, and

— the medium is flowing through the treatment substance

(under the effect of gravity.

16. Method according to one of the claims 14 to 15, where-—
in the treating of the medium comprises at least one of

- cleaning water for providing drinking water,

cleaning ballast water in a ship,

- cleaning water in a fish farm,

- cleaning an air flow created by an air conditioning device,
and

— eliminating bacteria, in particular Escherichia coli and

Legionella bacteria, and/or algea from water.

17. Method according to one of the claims 14 to 16, com-—
prising at least one of the steps of

— repeated flowing the medium through the treatment sub-
stance,

- regenerating the treatment substance by a washing process,
and

- filtering the medium before or after flowing the medium

through the treatment substance.



