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concept relates to a filter system for filter-
ing suspended particles from a liquid, the
filter system comprising a housing having
an inlet for receiving liquid, and an outlet
for enabling liquid to leave said housing,
and a filter device arranged within the
housing between the inlet and the outlet.
The filter device comprises a synthetic low
friction surface layer having a plurality of
pores with a pore size allowing suspended

247

particles of a size smaller than the pore size
to pass through the synthetic low friction
surface layer together with the liquid. The
low friction surface layer prevents a major-
ity of the suspended particles of a size lar-

ger than the pore size to attach to the filter
device.
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FILTER SYSTEM

Technical field of the Invention

The present inventive concept relates to a filter system for filtering
suspended particles in a liquid. The filtering system may be arranged inside a
containment comprising the liquid having suspended particles, or inside a
drain such as e.g. a storm water drain or a drain receiving waste water from

e.g. a mine, process industry or agriculture.

Background of the Invention

It is desirable to purify and separate suspended particles from a liquid
or a fluid flow, such as e.g. a water stream. This is commonly achieved by a
filter system filtering e.g. storm water in storm water drain system, waste
water from mines, agriculture, storm water, process industry or other polluted
liquids. The filter system may remove pollutants, debris, sand and various
other solid particulates from the liquid. For example, during heavy rains, the
rain water not absorbed into the ground, may flow into a drainage system
such as a storm water drain system.

The rain water often holds pollutants and particles from its contact with e.g.
roads and agricultural areas. These particles and pollutants are desirable to
remove from the water in order for the water not to contaminate the soll
and/or for reuse of the water. Waste water from industries and mines are also
often polluted and in need of filtering and/or purification.

Most currently deployed filter systems today, comprises filter device
which removes the pollutants by absorbing the particles and the pollutants. As
filter devices with a high absorptive capacity inherently have an inefficient
hydraulic capacity, they will often result in a low hydraulic conductivity through
the filter devices. Some filter devices have two or several types of pores in the
filter devices, from e.g. macro to micro pores. These filter devices may have
higher rate of fluid flow through the filter devices as the main flow is through
the macro pores while the substances are trapped in the micro pores.
However, the filter devices often become clogged and are therefore in need of
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constant maintenance in order to function properly. The solutions to avoid

clogging usually imply increased costs and high usage of external energy.
Thus, there is continuous need in the industry to provide for filter

systems which reduces the need for maintenance of the filter devices.

Summary of the Invention

In view of the above-mentioned and other drawbacks of the prior art, a
general object of the present inventive concept is to provide an improved filter
system requiring less maintenance due to clogged filters.

The present inventive concept is based on the insight that providing a
filter system having at least one filter device which allows liquid to pass but
prevents suspended particles to attach to the filter device, the suspended
particles may sediment inside a containment, e.g. a drain, and may thereafter
be removed from the containment. Thus, the filter device is less prone to
clogging as fewer particles attach to the filter device. Pollutants of a size
smaller than the suspended particles may also attach to the suspended
particles and may therefore also be removed together with the suspended
particles left inside the containment.

According to a first aspect of the present inventive concept, a filter
system for filtering suspended particles from a liquid is provided. Said filter
system comprises:

a housing having an inlet for receiving liquid, and an outlet for enabling
liquid to leave said housing;

a filter device arranged within said housing between said inlet and said
outlet, said filter device comprising a synthetic low friction surface layer;

said synthetic low friction surface layer comprising a plurality of pores
having a pore size allowing suspended particles of a size smaller than said
pore size to pass through said synthetic low friction surface layer together
with the liquid;

wherein said synthetic low friction surface layer prevents a majority of
the suspended particles of a size larger than said pore size to attach to said
filter device.
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Thus, the majority of the suspended particles of a size larger than said
pore size may sediment within said housing and/or within a containment
housing the filter system. The sedimented particles may then be removed
from the filter system and/or the containment housing the filter system,
without removing the filter device and/or the filter system.

According to at least one example embodiment, the high degree of
separation causes the particle concentration to increase, and thus, the
suspended particles may sediment in a container or a specific collection area
for the high particle concentrate in the filter separated fluid. An inner part of
the bottom of this container area may then be lifted in order for the collected
particles/substances to be easily transported away for e.g. combustion or for
recycling.

The filter system may also remove colloid particles from the liquid.
Hence, the present inventive concept provides for a filter system for removing
suspended particles and/or colloid particles from liquid.

According to at least one example embodiment, the water to be filtered
may pass in a vertically and/or horizontally general direction through the filter
system. Hence, the filter system may be both horizontally or vertically
installed.

By having a synthetic low friction surface layer comprised in the filter
device, preferably as a surface layer on the filter device and arranged furthest
upstream of the filter device, possibly facing the inlet of the housing and/or
extending across the inlet of the housing, friction between the suspended
particles and the synthetic low friction surface layer may be low enough for a
majority of the suspended particles not to attach, e.g. not being adsorbed or
absorbed, to the synthetic low friction surface layer. In other words, the
suspended particles may rebound and/or bounce of from said filter device.
According to at least one example embodiment, the synthetic low friction
surface layer is comprised of a coating and/or the synthetic low friction
surface layer comprises a low friction coating layer. In other words, the
synthetic low friction surface layer may be coated onto another material.

According to at least one example embodiment, said filter device
further comprises a synthetic carrier material for supporting said synthetic low
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friction surface layer, said synthetic carrier material comprising a plurality of
pores having a carrier pore size at least as large as said pore size of said
synthetic low friction surface layer. Hereby, liquid may be transferred through
the synthetic carrier material of the filter device and further downstream of the
filter device. According to at least one example embodiment, the synthetic low
friction surface layer may be coated onto the synthetic carrier material.

According to at least one example embodiment, said synthetic carrier
material is arranged at a distance from the synthetic low friction surface layer.
For example, the distance between the synthetic carrier material and the
synthetic low friction layer is between 1 mm - 5 mm. If the filter system is
installed for receiving waste water from e.g. a mine or a process industry, the
distance may be even larger because of less strict space limitations
compared to e.g. storm water drains.

According to at least one example embodiment, said filter device
comprises a natural material as wood, cotton etc. for supporting said synthetic
low friction surface layer. According to at least one example embodiment,
said synthetic carrier material comprises a natural material as wood, cotton
etc. for supporting said synthetic low friction surface layer. Hence the
synthetic low friction surface layer may be coated onto the natural carrier
material.

It should be understood that the synthetic carrier material and/or the
synthetic low friction surface layer need not to be comprised completely of
synthetic materials, but may also comprise natural materials such as e.g.
wood, cotton etc. However, according to at least one example embodiment,
the synthetic carrier material and/or the synthetic low friction surface layer
is/are completely comprised of synthetic materials.

According to at least one embodiment, the synthetic low friction surface
layer is arranged such that the friction between the suspended particles and
the synthetic low friction surface layer has a coefficient of friction lower than
0.5, preferably lower than 0.35 and more preferably lower than 0.20. Friction
coefficients lower than 0.5 will hereafter be referred to as “a low friction
coefficient” or “the low friction coefficient”. It should be noted that the exact
value of the friction coefficient between the suspended particles and the
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synthetic low friction surface layer is less important, as long as a majority of
the suspended particles of a size larger than said pore size is prevented from
attaching to said synthetic low friction surface layer and/or said filter device.

According to at least one example embodiment, the thickness of the
layers, that is the synthetic low friction surface layer and/or the synthetic
carrier material, may be between 1 ym and 15 um. However, the thickness of
the layers may also be larger or smaller.

According to at least one embodiment, the low friction coefficient
between the suspended particles and the synthetic low friction surface layer is
achieved by that at least one of the following materials is comprised in the
said synthetic low friction surface layer: polypropylene, silicon based polymer,
silicon oil, flexible polymer, polyester, cotton.

According to at least one embodiment, the low friction coefficient
between the suspended particles and the synthetic low friction surface layer is
achieved by a surface treatment of the synthetic low friction surface layer.
Such surface treatment may e.g. be thermal treatment and/or treatment with
silicon based compound, e.g. silicon oil. Hence, the friction between the
suspended particles and the synthetic low friction surface layer may be
reduced.

According to at least one example embodiment, said surface treatment
is achieved by plasma treatment. In other words, the low friction surface layer
is a plasma treated low friction surface layer. According to at least one
example embodiment, the low friction surface layer is silicon based plasma
treated. In other words, the low friction surface layer is a silicon based plasma
treated low friction surface layer.

According to at least one example embodiment, said synthetic carrier
material comprises at least one of the following materials: geotextile material,
thermoplastic material, thermoplastic fibres, polypropylene, polyamide,
polyester. According to at least one example embodiment, the synthetic
carrier material comprises a non-woven geotextile material and/or a pre-
compressed geotextile material and/or a thermal treated polypropylene
material, and/or natural material such as e.g. wood and/or cotton.
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The phrase “thermoplastic” should here be understood as a material
which when subject to a temperature rise, the material softens and/or
reshapes. This is in contrast to e.g. hard plastics such as e.g. epoxy, which
does not melt but breaks when subject to a high enough temperature rise.

Geotextile materials, as e.g. non woven thermoplastic/polypropylene
materials, are advantageous to use since they are relatively environmental
friendly and relatively easy to use for material recycling, compared to a
number of other materials, e.g. other plastic materials. The geotextile
materials are also advantageous to use as they provide for an improved
adhesion for surface treatment, i.e. geotextile material are suitable for surface
treatment.

By using a geotextile material, e.g. heat treated polypropylene, the
pore sizes of the layers, e.g. the synthetic low friction surface layer and/or the
synthetic carrier material, may be more precisely defined compared to prior
art filter devices.

According to at least one example embodiment, at least a part of the
synthetic carrier material is forming at least a part of the synthetic low friction
surface layer. For example, at least a part of a geotextile material comprised
in said synthetic carrier material is forming at least a part of the synthetic low
friction surface layer. The part forming the synthetic low friction surface layer
may be surface treated in order to reduce the surface roughness and/or in
order to change the surface properties of the synthetic low friction surface
layer and thereby achieving a low friction coefficient between the suspended
particles and the synthetic low friction surface layer. The surface properties
may be changed by applying a friction reducing means, e.g. oil, or heat
treatment of the synthetic low friction surface layer. The surface properties
may also change by plasma treatment. Plasma treatment is a relatively
environmental friendly method for surface treatment of the layers.

According to at least one example embodiment, said housing defines a
fluid channel within said housing enabling the liquid to flow from said inlet to
said outlet, said channel having a cross section, wherein said filter device
extends over the whole cross section.
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By letting the filter device extend across the whole cross section of the
fluid channel transporting the liquid through the filter system, unfiltered liquid
is prevented from by passing the filter device.

According to at least one example embodiment, said pore size of said
synthetic low friction surface layer is between 0.45 pm and 100 pm.

According to at least one example embodiment, said pore size of said
synthetic low friction surface layer is between 1 um and 100 pm.

Suspended particles with a size lower than 1 um is less prone to
sediment, and hence is better filtered from the liquid by other means, e.g. by
a layer of active carbon.

According to at least one example embodiment, said carrier pore size
of said synthetic carrier material is between 0.45 pm and 100 pm.

According to at least one example embodiment, said carrier pore size
of said synthetic carrier material is between 1 ym and 100 pm.

By using a pore size smaller than 1 pym, but larger than 0.45 pm,
smaller particles compared to when using a pore size of between 1 ym and
100 um can be filtered from the liquid. These smaller particles may e.g. bind
to larger particles or be removed by the use of a flocculent. When using a
pore size smaller than 1 ym, e.g. a pore size larger than 0.45 um, the fluid
pressure through the synthetic low friction surface layer and/or the synthetic
carrier material should be higher compared to if a pore size of over 1 um is
used, if the same fluid capacity through the synthetic low friction surface layer
and/or the synthetic carrier material is to be achieved.

According to at least one example embodiment, said filter device
comprises a layer of active carbon for filtering dissolved matter from the
liquid. The layer of active carbon is preferably arranged on the filter device on
the opposite side of the synthetic low friction surface layer. The layer of active
carbon may absorb chemicals such as e.g. metals, creosote, pesticides,
suspended particles with a size smaller than 1 ym, from the liquid. The layer
of active carbon may comprise a mix of active carbons and/or a mix of active
carbon and another substance.

It should be noted that active carbon is sometimes referred to as
activated carbon.
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According to at least one example embodiment, said filter device
comprises a layer of sand and/or activated carbon and/or coco fibre and/or
wood for filtering dissolved matter from the liquid. Hereby, the system may for
example remove organic, inorganic material, and heavy metals. However
organic, inorganic material, and heavy metals may also attach to the particles
and/or colloids and be comprised in the sediment as described above.

According to at least one example embodiment, said housing is tube-
shaped. Hereby, the filter system and the housing may advantageously be
fitted to the outlet of the containment, e.g. a drain outlet, since the outlet of
the containment often is connected to an outlet pipe. Preferably, the outlet of
the housing is aligned and in direct fluid contact with the outlet of the
containment, e.g. the drain outlet. Liquid in the containment is directed
through the filter system and the filter device before leaving the containment
through the outlet of the containment. Hence, unfiltered liquid is prevented to
bypass the filter system and the filter device.

According to at least one example embodiment, said filer unit is
cylindrically shaped.

According to at least one example embodiment, the filter device is of a
cylindrical shape. Hence, the filter device may be fitted inside a tube shaped
housing.

According to at least one example embodiment, said filter device is a
first filter device, said synthetic low friction surface layer is a first synthetic low
friction surface layer and said pore size is a first pore size, and said filter
system further comprises:

a second filter device arranged upstream of said first filter device, said
second filter device comprises a second synthetic low friction surface layer
having a plurality of pores having a second pore size allowing suspended
particles of a size smaller than said second pore size to pass through said
second synthetic low friction surface layer together with the liquid, wherein
said second pore size of said second synthetic low friction surface layer is
larger than said first pore size of said first synthetic low friction surface layer.

It should be understood that the phrases “upstream” and “downstream”
is referring to the fluid flow of liquid through the housing from the inlet to the
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outlet of the housing. “Upstream” indicates a relative position closer to the
inlet of the housing and “downstream” indicates a relative position closer to
the outlet of the housing.

By providing a filter system with filter devices having synthetic low
friction surface layers with different pore sizes, suspended particles of
different size will be hindered by the different filter devices. The second filter
arranged upstream of the first filter device will hinder suspended particles of a
size larger than the first filter.

According to at least one example embodiment, said housing
comprises a bottom arranged between said inlet and said outlet of said
housing to which said suspended particles may sediment, wherein at least a
portion of said bottom between said first filter device and said second filter
device is arranged with apertures having an aperture size at least as large as
said second pore size of said second synthetic low friction surface layer for
allowing the majority of the suspended particles of a size larger than said first
pore size and smaller than said second pore size to leave said housing
through said apertures.

Hereby, the suspended particles trapped between the first and the
second filter devices may sediment to the bottom of the housing, and out of
said housing through the apertures. By providing apertures of a size at least
as large as the pore size of the second synthetic low friction surface layer, the
suspended particles which has passed the second filter device are prevented
from being trapped inside said housing.

The rate of sedimentation is estimated by Stokes formula: fall speed is
proportional to the difference in density and the square of the diameter of the
particle. The difference in density is between the particle density and fluid
density.

According to at least one example embodiment, walls of said housing
are impenetrable to liquid. That is, unfiltered liquid is prevented from entering
the filtering system except through the inlet of the housing. A small amount of
liquid may be entering the housing through the apertures in the bottom the
housing, the apertures having an aperture size preventing suspended
particles of a size larger than said aperture size to entering the housing of the
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filter system. Thus, a majority of the liquid is directed to flow from said inlet to
said outlet inside said housing. According to at least one example
embodiment, said housing comprises a plastic material. According to at least
one example embodiment, said housing comprises a metallic material.

According to at least one example embodiment, said filter system is
used for filtering dissolved particles from storm water in a storm water drain.

According to at least one example embodiment, said filter system is
used for filtering dissolved particles from waste water from a mine.

According to at least one example embodiment, said filter system is
used for filtering dissolved particles from waste water from an agriculture
area.

According to at least one example embodiment, said filter system is
used for filtering dissolved particles from water from the process industry.

If the filter system is to be used in e.g. a mine or a process industry,
more layers, such as the synthetic low friction surface layers and the synthetic
carrier material, may be used due to less strict space limitations compared to
e.g. storm water drains.

According to at least one example embodiment, said filter system is
used for filtering dissolved particles from waste water contained in a
containment.

According to at least one example embodiment said filter system
comprises:

a second filter device arranged downstream of said first filter device,
said second filter device comprises a second synthetic low friction surface
layer having a plurality of pores with a second pore size allowing suspended
particles of a size smaller than said second pore size to pass through said
second synthetic low friction surface layer together with the liquid, wherein
said second pore size of said second synthetic low friction surface layer is
smaller than said first pore size of said first synthetic low friction surface layer.

According to at least one example embodiment said filter system
comprises three filter devices; a first filter device comprising a first synthetic
low friction surface layer having a plurality of pores and arranged between
said inlet and the said of said housing, a second filter device comprising a
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second synthetic low friction surface layer having a plurality of pores and
arranged upstream of said first filter device, and a third filter device
comprising a third synthetic low friction surface layer having a plurality of
pores and arranged downstream of said first filter device. The pore size of the
second synthetic low friction surface layer is larger compared to the pore size
of the first synthetic low friction surface layer. The pore size of the first
synthetic low friction surface layer is larger than the pore size of the third
synthetic low friction surface layer. According to at least one example
embodiment, at least two of the synthetic low friction surface layers have the
same pore size.

According to at least one example embodiment, the synthetic carrier
material and/or the synthetic low friction surface layer of the filter devices has
a liquid penetration of between 15-250 I/m2/s. According to at least one
example embodiment, the filter device has a liquid penetration of between 15-
250 |/m2/s.

According to at least one example embodiment, the thickness of at
least one, or the thickness of all, of the filter devices is between 0.35 mm and
0.95 mm.

According to at least one example embodiment, the thickness of at
least one, or the thickness of all, of the filter devices is between 0.20 mm and
0.80 mm.

Thus, the at least one filter device, or all of the filter devices, may be a
low weight filter device, having a weight of 1-3 kg. For example, a geotextile
material comprised in the filter device may have a weight of 60-300 g/m2.

According to at least a second aspect of the present inventive concept,
a filter system for filtering suspended particles from a liquid is provided. Said
filter system comprises:

a filter device arranged at an outlet in a containment containing the
liquid with suspended particles, said filter device comprising a synthetic low
friction surface layer facing the containment and having a plurality of pores
having a pore size allowing suspended particles of a size smaller than said
pore size to pass through said synthetic low friction surface layer into the
outlet of the containment together with the liquid;
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wherein said synthetic low friction surface layer prevents a majority of
the suspended particles of a size larger than said pore size to attach to said
filter device.

Effects and features of this second aspect of the present inventive
concept are largely analogous to those described above in connection with
the first aspect of the inventive concept. Embodiments mentioned in relation
to the first aspect of the present inventive concept are largely compatible with
the second aspect of the inventive concept.

The suspended particles of a size larger than said first pore size are
prevented from being attached to the filter device for the same reasons
mentioned according to the first aspect of the present inventive concept.
These suspended particles may sediment inside the containment and may be
removed from the containment without removing the filter device.

According to at least one example embodiment, said filter system
comprises a housing having an inlet for receiving the liquid, and an outlet for
enabling the liquid to leave said housing, wherein said filter device is
extending across said inlet of said housing, and wherein said outlet of said
housing is aligned with the outlet of the containment.

It should be noted that the pore size of the synthetic low friction surface
layer and/or the synthetic carrier material should not be interpreted as an
absolute value. The pore size of a material is often referred to as a pore size
interval, since it is difficult to produce a material having a uniform pore size.
The pore size interval of a material may be defined as the pore size for e.g. at
least 80 % of the pores in the material. Hence, material having a pore size
interval between 35 ym — 50 um may indicate that at least 80 % of the pores
in the material have a pore size between 35 um — 50 um. Thus, it should be
understood that the pore size of the synthetic low friction surface layer and/or
the pore size of the synthetic carrier material of the filter device may refer to a
pore size interval. For example, when stating that the synthetic low friction
surface layer has a pore size of e.g. 50 uym, the pore size interval of the
synthetic low friction surface layer may e.g. be between 35 ym — 50 um,
indicating that e.g. at least 80 % of the pores in the synthetic low friction
surface layer have a pore size between 35 ym — 50 pm. That is, when stating
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that the pore size of the synthetic low friction surface layer and/or the
synthetic carrier material of the filter device is of a certain value, reference
may be made to an upper limit of the pore size interval of the synthetic low
friction surface layer and/or the synthetic carrier material, respectively. A
thicker material may often have a narrower pore size interval. By providing a
synthetic low friction surface layer with a relative narrow pore size interval, the
thickness of the downstream located synthetic carrier material may be
smaller.

According to at least one example embodiment, said synthetic low
friction surface layer comprises a hydrophobic layer. The hydrophobic layer
may be achieved by a surface treatment of the synthetic low friction surface
layer, e.g. by a plasma surface treatment whereby said synthetic low friction
surface layer may be ionized.

According to at least one example embodiment, said synthetic carrier
material comprises a hydrophilic layer. The hydrophilic layer may be achieved
by a surface treatment of the synthetic carrier material, e.g. a plasma
treatment, whereby said synthetic carrier material may be ionized.

According to at least one example embodiment, said synthetic low
friction surface layer comprises a hydrophobic layer, and said synthetic carrier
material comprises a hydrophilic layer.

According to at least one example embodiment, said synthetic low
friction surface layer comprises a hydrophobic layer or a hydrophilic layer.
According to at least one example embodiment, said synthetic low friction
surface layer of one filter device in said filter system comprises a hydrophobic
layer and said synthetic low friction layer of another filter device in the same
filter system comprises a hydrophilic layer.

According to at least one example embodiment, said synthetic low
friction surface layer and said carrier material have different charges. For
example, the hydrophobic layer may be differently ionized compared to the
hydrophilic layer. Hereby, more particles/colloidal may be filtered from the
liquid.

By using a hydrophobic layer, the hydrophobic characteristic of the
layer will prevent particles to attach to the layer. Hence particles and/or



WO 2014/174026 PCT/EP2014/058368

10

15

20

25

30

14

colloids will not attach to the synthetic low friction surface layers, but rather
bounce of layer. The synthetic low friction surface layer may e.g. attain its
general hydrophobic characteristics by plasma treatment of the synthetic low
friction surface layer with e.g. a silicon based compound, e.g. silicon oil.

The combination of a hydrophobic layer upstream and a hydrophilic
layer downstream is advantageous as more particles/colloidal can be
removed, e.g. compounds with different ionizations. Moreover, the fluid flow
through the filter system may be further improved as the hydrophilic synthetic
carrier material provides for a traction effect of the liquid through the
hydrophobic synthetic low friction surface layer.

Brief description of the drawings

The present inventive concept will now be described in more detail,
with reference to the illustrative and non-limiting appended drawings showing
example embodiments of the inventive concept, wherein:

fig. 1 illustrates a filter system according to at least one example
embodiment of the inventive concept, where the filter system is arranged
inside a drain;

fig. 2 illustrates a filter system according to at least one example
embodiment of the inventive concept; and

fig. 3 schematically illustrates a filter device according to at least one
example embodiment of the inventive concept.

Detailed description of the drawings

In the following description, various aspects of the present inventive
concept will be described. In presenting these aspects, embodiments will be
used to illustrate features of filter systems. It should be understood that these
embodiments are shown by way of example only, and are not intended to be
limiting in any way. The inventive concept as defined by the appended claims
may be embodied both in these and in numerous other forms. While these
embodiments illustrate various combinations of elements and acts, it should
be appreciated that some or all of such elements or acts may be assembled
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or practiced in other ways, with or without still further elements or acts, while
still practicing the inventive concept.

The filter system 1 in fig. 1 is arranged inside a drain 2, such as e.g. a
storm water drain system. The drain 2 generally comprises a drain inlet 20 for
receiving a liquid, such as e.g. water from a pavement, a drain outlet 22 for
enabling transport of liquid out of the drain 2, or further downstream the drain
2, and walls 24 surrounding chamber 26 inside the drain 2. A catchbasin 28
(also known as sump or sandcatch) is arranged below the drain outlet 22, in
one end of the chamber 26. The drain inlet 20 may be a grated inlet 20
provided with a grating or a grid. The drain outlet 22 may be connected to an
outlet pipe 23, and provided with a grating or a grid. There may also be an
additional inlet (not shown) to the chamber 26 transporting liquid from
another, nearby, drain chamber.

The filter system 1 in fig. 1 comprises a housing 10, here exemplified
as a tubular housing 10, having an inlet 12, an outlet 14 and a bottom 15. A
first filter device 16a is arranged inside the housing 10, and upstream the first
filter device 16a is second filter device 16b, hereafter referred to as an
upstream filter device 16b, arranged, and downstream the first filter device
16a is a third filter device 16¢, hereafter referred to as a downstream filter
device 16¢, arranged. The housing 10 may define a fluid channel 11
extending from the inlet 12 to the outlet 14, allowing liquid to pass through the
filter system 1.

The structure of the filter system 1 in fig 1 will now be elucidated further
with reference to fig. 2 and fig. 3.

As illustrated in fig. 2, the downstream filter device 16b is arranged
closest to the inlet 12 of the filter devices 16a, 16b, 16¢, the downstream filter
device 16¢ is arranged closest to the outlet 14 of the filter devices 16a, 16b,
16c¢, and the first filter device 16a is arranged between the inlet 12 and the
outlet 14, and between the upstream and the downstream filter devices 16D,
16¢. Each one of the filter devices 16a, 16b, 16¢c extends across the whole
cross section of the fluid channel 11 inside the housing 10. The filter devices
16a, 16b, 16¢ are here illustrated as filter disks 16a, 16b, 16¢, and each filter
device 16a, 16b, 16¢c comprises a synthetic low friction surface layer 120a,
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120b, 120c having a plurality of pores. The first filter device 16a comprises a
first synthetic low friction surface layer 120a having pores of a first pore size,
the upstream filter device 16b comprises a second synthetic low friction
surface layer 120b having pores of a second pore size, and the downstream
filter device 16¢ comprises a third synthetic low friction surface layer 120c
comprises pores of a third pore size.

It should be noted that at least one of the filter devices 16a, 16b, 16¢
may be arranged outside of the housing 10 and/or arranged such that the
filter device 16a, 16b, 16¢ coincides with the inlet 12 of the filter system 1.
According to at least one example embodiment, the upstream filter device
16b is arranged outside the housing 10, upstream or coinciding with the inlet
12 of the filter system 1. According to at least one example embodiment, the
first filter device 16a is arranged such that it coincides with the inlet 12 of the
filter system 1. It should be noted that the number of filter devices in the filter
system 1 may be more or fewer than presented here. For example and
according to at least one example embodiment, the filter system 1 is arranged
with only one filter device, such as e.g. the first filter device 16a or the
upstream filter device 16b. This filter device may be arranged outside or
inside of the housing 10 or this filter device may be arranged in such a way
that it coincides with the inlet 22 of the filter system 1. If the filter device is
arranged outside of the housing 10, the filter device should be directly
arranged to said housing 10, and extend over the whole inlet 12 of the
housing 10, so no unfiltered liquid, or substantially no unfiltered liquid, may
pass through the inlet 12 without passing through the filter device.

The bottom 15 of the housing 10, in figs. 1 and 2, is provided with a
first set of apertures 13a having a first aperture size, and a second set of
apertures 13b having a second aperture size. The first set of apertures 13a is
provided in the bottom 15 between the upstream filter device 16b and the first
filter device 16a. The second set of apertures 13b is provided in the bottom
15 between the first filter device 16a and the downstream filter device 16c.

In fig. 2, at least two different filter device types 116a, 116b are
presented, a first filter device type 116a having a two-layered structure and a
second filter device type 116b having a three-layered structure. For
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clarification purposes, the first filter device type 116a and the second filter
device type 116b are also schematically illustrated in a side view in fig. 3.

As illustrated in figs. 2 and 3, the first filter device type 116a comprises
a layer of synthetic carrier material 118a,118b such as e.g. a geotextile
material, and a synthetic low friction surface layer 120a, 120b. The second
filter device type 116b comprises a layer of synthetic carrier material 118c,
such as e.g. a geotextile material, and a synthetic low friction surface layer
120c, similar to the first filter device type 116a. Additionally, the second filter
device type 116b comprises a layer of active carbon 122. It should be noted
that the layer of active carbon 122 may be comprised of a mixture of active
carbons and/or a mixture of active carbon and another substance. It is also
conceivable within the present inventive concept to have at least one filter
device without a synthetic low friction surface layer 120a, 120b, 120c such a
filter device may comprise the layer of synthetic carrier material 118a, 118D,
118c and/or the layer of active carbon 122 and/or additional layers. As
illustrated in fig. 2, for each filter device 16a, 16b, 16¢, the layer of synthetic
carrier material 118a, 118b, 118c is arranged downstream of the synthetic low
friction surface layer 120a, 120b, 120c. The synthetic carrier material 118a,
118b, 118c in each filter device 16a, 16b, 16¢ is supporting the synthetic low
friction surface layer 120a, 120b, 120c, respectively. For the filter device 16¢
of the second filter device type 116b, the layer of active carbon 122 is
arranged downstream of the layer of synthetic carrier material 118c. It should
be noted that each layer 118a, 118b, 118c, 120a, 120b, 120c, 122 is
extending over the whole cross section of the fluid channel 11, and having a
cylindrical or disk shape.

Each of the layers of synthetic carrier material 118a, 118b, 118c, may
also be provided with pores having a carrier pore size at least as large as the
pore size of respective synthetic low friction surface layer 120a, 120b, 120c.
That is a first layer of synthetic carrier material 118a may have a first carrier
pore size at least as large as the first pore size of the first synthetic low
friction surface layer 120a, a second layer of synthetic carrier material 118b
may have a second carrier pore size at least as large as the second pore size
of the second synthetic low friction surface layer 120b, and a third layer of



WO 2014/174026 PCT/EP2014/058368

10

15

20

25

30

18

synthetic carrier material 118c may have a third carrier pore size at least as
large as the third pore size of the third synthetic low friction surface layer
120c. Hereby, liquid may flow through each synthetic low friction surface layer
120a, 120b, 120c and through each layer of synthetic carrier material 118a,
118b, 118c. According to at least one example embodiment, at least one of
said synthetic low friction surface layers 120a, 120b, 120c comprise a
hydrophobic layer or a hydrophilic layer. According to at least one example
embodiment, the synthetic low friction surface layer 120a, 120b of at least
one filter device, e.g. of the two first filer devices, in said filter system
comprises a hydrophobic layer and the synthetic low friction layer 120c of
another filter device in the same filter system comprises a hydrophilic layer.

According to at least one example embodiment, as illustrated in fig. 2,
the first filter device type 116a is provided as the first and the upstream filter
devices 16a, 16b, and the second filter device type 116b is provided as the
downstream filter device 16c. It should be noted that any possible
combination of the first and the second filter device types 116a, 116b, as filter
devices is within the scope of the present inventive concept. For example,
only one or two filter devices may be provided in the filter system 1, and each
of the filter devices may be any one of the first or the second filter device type
116a, 116b. One filter device, or several other filter devices, which may not
belong to the filter device types presented here, may be arranged in the filter
system 1. For example, the filter system 1 may comprises one or more filter
devices having fewer and/or more layers compared to the first and the second
filter device types 116a, 116b of figs. 2 and 3.

The function of the filter system 1 will now be described in more detail.
As illustrated in fig. 1, liquid may flow throughout the drain 2 as indicated by
the curved arrows. The liquid, such as e.g. storm water, may comprise
filterable matter such as suspended particles. By arranging the filter system 1
as illustrated in fig. 1, that is in such a way that the outlet 14 of the filter
system 1 is directly adjacent to and aligned with the drain outlet 22, the liquid
in the drain 2 is forced to pass through the filter system 1 on its way from the
drain inlet 20 to the drain outlet 22. Furthermore, the walls 24 of the drain 20
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are preferably substantially impenetrable to liquid, although a small amount of
liquid may penetrate through the walls.

The housing 10 of the filter system is impenetrable to liquid, except for
the inlet 12, the outlet 14 and the apertures 13a and 13b. Hereby, the majority
of the liquid passing through the filter system 1 will flow through the fluid
channel 11 within the housing 10, from the inlet 12 to the outlet 14 and
through the filter devices 16a, 16b, 16c.

When the liquid comprising suspended particles flow through the
upstream filter device 16b comprising the second synthetic low friction
surface layer 120b having the second pore size, suspended particles of a size
smaller than the second pore size are allowed to pass through the second
synthetic low friction surface layer 120b and the second layer of synthetic
carrier material 118b of the upstream filter device 16b together with the liquid,
while suspended particles of a size larger than the second pore size will be
hindered to pass through the upstream filter device 16b by the second
synthetic low friction surface layer 120b, as the second synthetic low friction
surface layer 120b is arranged furthest upstream of the layers of the
upstream filter device 16b. The hindered particles, here the suspended
particles of a size larger than the second pore size, will interact via a friction
with the second synthetic low friction surface layer 120b. The second
synthetic low friction surface layer 120b is chosen/arranged in such a way
that the friction between the hindered particles and the second synthetic low
friction surface layer 120b is low enough to prevent the hindered particles to
attach to the second synthetic low friction surface layer 120b. Hereby a
majority of the hindered particles, that is the suspended particles of a size
larger than the second pore size, is prevented to attach to the filter device.
The second synthetic low friction surface layer 120b may be chosen/arranged
so that the friction between the hindered particles and the second synthetic
low friction surface layer 120b has a coefficient of friction which is lower than
0.50, preferably lower than 0.35, and more preferably lower than 0.20. This
may e.g. be achieved by surface treatment of the second synthetic low friction
surface layer 120b with a friction reducing matter such as e.g. a silicon oil.
According to at least one example embodiment, a plasma treatment with a
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silicon based compound, e.g. silicon oil modifies the synthetic low friction
surface layer such that the surface becomes more hydrophobic compared to
e.g. when using a non-plasma treated low friction surface layer. Alternatively,
the second synthetic low friction surface layer 120b comprises a material
providing for a low surface roughness, such as e.g. a flexible polymer material
or a silicon based polymer. By having at least one filter device, in figs. 1 and 2
the upstream filter device 16b, arranged close to, or in line with, the inlet 12 of
the filter system 1, the hindered particles may sediment outside the housing
10 of the filter system 1, preferably into the catchbasin 28.

As the liquid continues to flow through the filter system 1 and through
the first filter device 16a comprising the first synthetic low friction surface layer
120a, suspended particles of a size smaller than the first pore size are
allowed to pass through the first synthetic low friction surface layer 120a and
the first layer of synthetic carrier material 118a of the first filter device 16a
together with the liquid, while suspended particles of a size larger than the
first pore size will be hindered to pass through the first filter device 16a by the
first synthetic low friction surface layer 120a. The first synthetic low friction
surface layer 120a of the first filter device 16a is chosen/arranged in a similar
way as the second synthetic low friction surface layer 120b of the upstream
filter device 16b, and therefore provides for a similar functionality. That is,
suspended particles of a size larger than the first pore size will be prevented
from attaching to the first synthetic low friction surface layer 120a of the first
filter device 16a by that the friction between the hindered particles and the
first synthetic low friction surface layer 120a has a coefficient of friction which
is lower than 0.50, preferably lower than 0.35, and more preferably lower than
0.20. The hindered particles, here the suspended particles of a size larger
than the first pore size will sediment to the bottom 15 of the housing 10. By
providing the first set of apertures 13a having an aperture size at least as
large as the second pore size of the second synthetic low friction surface
layer 120b of the upstream filter device 16b, the particles which are trapped
between the upstream filter device 16b and the first filter device 16a will
sediment to the bottom 15 of the housing 10 and be able to leave the housing
10 through the first set of apertures 13a into the chamber 26 of the drain 2,
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e.g. into catch basin 28 or into a catch bag or catch container (not shown). It
should be noted that the first pore size of the first synthetic low friction surface
layer 120a of the first filter device 16a is smaller than the second pore size of
the second synthetic low friction surface layer 120b of the upstream filter
device 16D.

As the liquid continues to flow through the filter system 1 and through
the downstream filter device 16¢ comprising the third synthetic low friction
surface layer 120c, suspended particles of a size smaller than the third pore
size are allowed to pass through the third synthetic low friction surface layer
120c and the third layer of synthetic carrier material 118c of the downstream
filter device 16¢ together with the liquid, while suspended particles of a size
larger than the third pore size will be hindered to pass through the
downstream filter device 16¢ by the third synthetic low friction surface layer
120c. The third synthetic low friction surface layer 120c of the downstream
filter device 16¢ is chosen/arranged in a similar way as the synthetic low
friction surface layer 120a, 120b of the first and the upstream filter devices
16a 16b, and therefore provides for a similar functionality. That is, suspended
particles of a size larger than the third pore size will be prevented from
attaching to the third synthetic low friction surface layer 120c of the
downstream filter device 16c¢ by that the friction between the hindered
particles and the third synthetic low friction surface layer 120c has a
coefficient of friction which is lower than 0.50, preferably lower than 0.35, and
more preferably lower than 0.20. The hindered particles, here the suspended
particles of a size larger than the third pore size will sediment to the bottom
15 of the housing 10. By providing the second set of apertures 13b having an
aperture size at least as large as the first pore size of the first synthetic low
friction surface layer 120a of the first filter device 16a, the particles which are
trapped between the first filter device 16a and the downstream filter device
16¢ will sediment to the bottom 15 of the housing 10 and be able to leave the
housing 10 through the second set of apertures 13b into the chamber 26 of
the drain 2, e.g. into catchbasin 28 or into a catch bag or catch container (not
shown). The layer of active carbon 122 of the downstream filter device 16¢
may remove chemicals and other pollutants not hindered by the filter devices



WO 2014/174026 PCT/EP2014/058368

10

15

20

25

30

22

16a, 16b, 16¢. The liquid may then be transported out from the filter system 1
and into the outlet 22 and/or the outlet pipe 23 of the drain 2. It should be
noted that the third pore size of the third synthetic low friction surface layer
120c of the downstream filter device 16¢ is smaller than the first pore size of
the first synthetic low friction surface layer 120a of the first filter device 16a
and smaller than the second pore size of the second synthetic low friction
surface layer 120b of the upstream filter device 16b.

The pore size of the first synthetic low friction surface layer 120a of the
first filter device 16a, the second synthetic low friction surface layer 120b of
the upstream filter device 16b and the third synthetic low friction surface layer
120c of the downstream filter device 16¢ may all be chosen between 0.45 ym
and 100 um, or between 1 ym and 100 pm, for example, the second pore size
of the second synthetic low friction surface layer 120b may be chosen to be
between 50 um and 100 um, the first pore size of the first synthetic low
friction surface layer 120a may be chosen between 15 um and 50 pym, and
the third synthetic low friction surface layer 120c may be chosen between 1
Mm and 15 um. The carrier pore size of the first, second and third layers of
synthetic carrier material 118a, 118b, 118c may be chosen correspondingly.

By preventing that suspended particles, smaller than the pore size of
the synthetic low friction surface layers 120a, 120b, 120c, attach to the filter
devices 16a, 16b, 16¢, and letting these suspended particles sediment in the
chamber 26, preferably into the catchbasin 28, these suspended particles,
and pollutants attached thereto, will be contained within the drain 2. The
suspended particles contained within the drain 2 may then be removed from
the drain together with sand and debris caught in the catchbasin 28 or
elsewhere in the chamber 26 of the drain 2. The sand and debris removed
from the drain 2, together with the suspended particles and pollutants which
have been contained within the drain 2, may then be washed and cleaned in
order to be reused.

According to at least one example embodiment, an outside of housing
10 is coated with a surface layer similar to the synthetic low friction surface
layer 120a, 120b, 120c. Preferably, this surface layer may be arranged
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outside of the first set of apertures 13a and/or the second set of apertures
13b.

It should be noted that the filter devices 16a, 16b, 16¢ may removed
from the housing 10, without removing the housing 10 from the drain 2. For
example, each of the filter devices 16a, 16b, 16¢ may be arranged with
attachment means such as e.g. a hook, and the housing 10 may be provided
with openings adjacent to each filter device 16a, 16b, 16c¢, to facilitate the
removal of the filter devices 16a, 16b, 16¢ from the housing 10.

It should be noted that between the inlet 20 of the drain 2 and the filter
system 10, a grating or a grid may be arranged to filter debris and larger
pollutants in order not to damage the filter devices in the filter system 10.

It should be understood that the drain 2 described here is not limiting
the inventive concept by any means and may, or may not, comprise all
elements mentioned here. The drain 2 may simply be a containment
containing liquid comprising suspended particles. The filter system may be
used for filtering suspended particles from a liquid in e.g. mines or the
process industry.

When the filter system is installed for receiving waste water from e.g. a
mine or a process industry, more layers, such as the synthetic low friction
surface layer and/or the synthetic carrier material may be used because of
less strict space limitations compared to e.g. when the filter system is
installed in a storm water drain. However, the principle, as e.g. described in
relation to figs. 1-3 is the same as for a filter system installed in a storm water
drain.
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CLAIMS

1. A filter system for filtering suspended particles from a liquid, said
filter system comprising:

a housing having an inlet for receiving liquid, and an outlet for enabling
liquid to leave said housing;

a filter device arranged within said housing between said inlet and said
outlet, said filter device comprising a synthetic low friction surface layer;

said synthetic low friction surface layer comprising a plurality of pores
having a pore size allowing suspended particles of a size smaller than said
pore size to pass through said synthetic low friction surface layer together
with the liquid;

wherein said synthetic low friction surface layer prevents a majority of
the suspended particles of a size larger than said pore size to attach to said
filter device.

2. Afilter system according to claim 1, wherein said filter device further
comprises a synthetic carrier material for supporting said synthetic low friction
surface layer, said synthetic carrier material comprising a plurality of pores
having a carrier pore size at least as large as said pore size of said synthetic
low friction surface layer.

3. A filter system according to any one of the preceding claims,
wherein said synthetic low friction surface layer comprises at least one of the
following materials: polypropylene, silicon based polymer, flexible polymer.

4. Afilter system according to any one of claims 2 to 3, wherein said
synthetic carrier material comprises at least one of the following materials:
geotextile material, thermoplastic fibres, polypropylene, polyamide, polyester.

5. A filter system according to any one of the preceding claims,
wherein said housing defines a fluid channel within said housing enabling the
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liquid to flow from said inlet to said outlet, said channel having a cross
section, wherein said filter device extends over the whole cross section.

6. A filter system according to any one of the preceding claims,
wherein said pore size of said synthetic low friction surface layer is between
0.45 pym and 100 um, preferably between 1 um and 100 pm.

7. A filter system according to any one of the preceding claims,
wherein said filter device comprises a layer of active carbon for filtering
dissolved matter from the liquid.

8. A filter system according to any one of the preceding claims,
wherein said housing is tube-shaped.

9. A filter system according to any one of the preceding claims,
wherein said filter device is a first filter device , said synthetic low friction
surface layer is a first synthetic low friction surface layer, and said pore size is
a first pore size, said filter system further comprising a second filter device
arranged upstream of said first filter device, said second filter device
comprising a second synthetic low friction surface layer having a plurality of
pores having a second pore size allowing suspended particles of a size
smaller than said second pore size to pass through said second synthetic low
friction surface layer together with the liquid, wherein said second pore size of
said second synthetic low friction surface layer is larger than said first pore
size of said first synthetic low friction surface layer.

10. A filter system according to claim 9, wherein said housing
comprises a bottom arranged between said inlet and said outlet of said
housing to which said suspended particles may sediment, wherein at least a
portion of said bottom between said first filter device and said second filter
device is arranged with apertures having an aperture size at least as large as
said second pore size of said second synthetic low friction surface layer for
allowing the majority of the suspended particles of a size larger than said first
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pore size and smaller than said second pore size to leave said housing
through said apertures.

11. A filter system according to any one of the preceding claims,
wherein walls of said housing is impenetrable to liquid.

12. A filter system according to any one of the preceding claims,
wherein said filter system is used for filtering dissolved particles from storm
water in a storm water drain.

13. A filter system for filtering suspended particles from a liquid, said
filter system comprising:

a filter device arranged at an outlet in a containment containing the
liquid with suspended particles, said filter device comprising a synthetic low
friction surface layer facing the containment and having a plurality of pores
having a pore size allowing suspended particles of a size smaller than said
pore size to pass through said synthetic low friction surface layer into the
outlet of the containment together with the liquid;

wherein said synthetic low friction surface layer prevents a majority of
the suspended particles of a size larger than said pore size to attach to said
filter device.

14. A filter system according to claim 13, comprising a housing having
an inlet for receiving the liquid, and an outlet for enabling the liquid to leave
said housing, wherein said filter device is extending across said inlet of said
housing, and wherein said outlet of said housing is aligned with the outlet of
the containment.

15. A filter system according to any one of the preceding claims
wherein said synthetic low friction surface layer comprises a hydrophobic
layer, and said synthetic carrier material comprises a hydrophilic layer.
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