wo 2017/077188 A1 |10 OO0 OO0 OO OO

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2017/077188 Al

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

11 May 2017 (11.05.2017) WIPOIPCT
International Patent Classification: (81)
BO1D 33/23 (2006.01)

International Application Number:
PCT/F12016/050770

International Filing Date:
2 November 2016 (02.11.2016)

Filing Language: English
Publication Language: English
Priority Data:

20155793 3 November 2015 (03.11.2015) FI
Applicant: OUTOTEC (FINLAND) OY [FI/FI];

Rauhalanpuisto 9, 02230 Espoo (FI).

Inventors: HOGNABBA, Olli; Kantvikintie 30, 02460
Kantvik (FI). SIMOLA, Laura; Betaniankatu 5 as 26,
20810 Turku (FI).

Agent: KOLSTER OY AB; (Salmisaarenaukio
P.O.Box 204, FI-00181 Helsinki (FI).

1),

(84)

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, T™M,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: FILTER ELEMENT FOR DISC FILTER APPARATUS

(57) Abstract: A filter element (1) for a disc filter apparatus (2) comprises at

least one filter member (3). The filter member (3) comprises a permeable
membrane layer and has a first filter surtace (9a) for receiving a pres-sure and
directed towards an internal cavity (12) arranged inside the filter element (1),
and a second filter surface (9b) for receiving solid particles filtered from a
feed. The filter member (3) forms a capillary filter. The thickness (D2, D2')
of the filter member (3) in the transverse direction of the filter element (1) is
smaller than or equal to 24 mm.
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FILTER ELEMENT FOR Disc FILTER APPARATUS

FIELD OF THE INVENTION

The present invention relates to a filter element of a disc filter appa-
ratus.
The present invention still further relates to a disc filter apparatus.

Known filter plates are typically heavy, which may make them diffi-
cult to handle during maintenance and even cause occupational hazards.

BACKGROUD

Filtration is a widely used process whereby a slurry or solid liquid
mixture is forced through a media, with the solids retained on the media, as a
cake, and the liquid phase passing through. This process is generally well un-
derstood in the industry. Examples of filtration types include depth filtration,
pressure and vacuum filtration, and gravity and centrifugal filtration.

The most commonly used filter media for vacuum filters are filter
cloths and coated media, e.g. the ceramic filter medium.

The use of a cloth filter medium requires heavy duty vacuum
pumps, due to vacuum losses through the cloth during cake deliquoring. The
ceramic filter medium, when wetted, does not allow air to pass through due to
a capillary action. This decreases the necessary vacuum level, enables the
use of smaller vacuum pumps and, consequently, yields significant energy
savings.

BRIEF DESCRIPTION

Viewed from an aspect, there can be provided a filter element for a
disc filter apparatus, the filter element comprising at least one filter member,
wherein the filter member comprises a permeable membrane layer and has a
first filter surface for receiving a pressure and directed towards an internal cavi-
ty arranged inside the filter element, and a second filter surface for receiving
solid particles filtered from a feed, wherein the filter member forms a capillary
filter, wherein the thickness of the filter member in the transverse direction of
the filter element is smaller than or equal to 24 mm, and wherein the filter ele-
ment further comprises at least one filter member arranged on each side of a
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frame member providing two first filter surfaces (9a), one on each side of the
frame member.

Thereby a lighter filter element that is easier and safer to handle
during maintenance, for example, may be achieved.

BRIEF DESCRIPTION OF THE DRAWINGS

Some embodiments illustrating the present disclosure are described
in more detail in the attached drawings, in which

Figure 1 illustrates a frame member of a filter element for a disc filter
apparatus;

Figure 2a is a side view of a filter element;

Figure 2b is a cutaway view of the filter element shown in Figure 2a;

Figure 3 is a perspective top view illustrating a disc filter apparatus;
and

Figure 4 is a side view illustrating the disc filter apparatus shown in
Figure 3.

DETAILED DESCRIPTION

Principles of the embodiments can be applied for drying or dewater-
ing fluid materials in any industrial processes, particularly in mineral and min-
ing industries. In embodiments described herein, a material to be filtered is
referred to as slurry, but embodiments are not intended to be restricted to this
type of fluid material. The slurry may have high solids concentration, e.g. base
metal concentrates, iron ore, chromite, ferrochrome, copper, gold, cobalt, nick-
el, zinc, lead and pyrite.

Figure 1 illustrates a frame member 4 of a filter element 1 for a disc
filter apparatus 2, Figure 2a is a side view of a filter element, and Figure 2b is a
cutaway view of the filter element shown in Figure 2a.

The filter element 1 may comprise at least one filter member 3. Typ-
ically the filter element comprises at least two filter members 3, one on a first
side and another on a second side of the filter element 1, wherein the first and
the second side of the filter element 1 are opposite to one another. It is to be
noted that in Figure 1 only the frame member 4 of the filter element 1 is shown
without the filter members 3.

According to an embodiment, the filter element 1 is a truncated-
sector-shaped filter element 1, comprising second or outer filter surfaces 9b on
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both sides S1, S2 of the element 1. Such a filter element 1 is suitable for a disc
filter apparatus.

The filter member 3 may comprise a permeable membrane layer
and have a first filter surface 9a for receiving a pressure. The pressure may
comprise a underpressure during filtering of a feed, whereby the underpres-
sure provides suction on the first filter surface 9a. On the other hand, the pres-
sure may comprise a positive pressure during cleaning and/or maintenance of
the filter element 1, such as backwashing. The first filter surface 9a may be
directed towards an internal cavity 12 arranged inside the filter element 1. Ac-
cording to an embodiment, the internal cavity 12 may be used to collect liquid
filtered by the filter element 1 and guide the liquid to further processing. The
underpressure during filtering may, thus, be provided inside the internal cavity
12.

The filter member 3 may further comprise a second filter surface 9b
for receiving solid particles filtered from a feed.

The filter member 3 may form a capillary filter. A capillary filter refers
to a filter, wherein the structure and/or the material of the filter, such as the
filter member 3, enables a certain amount of liquid, such as water, to be kept in
the filter by a capillary action. The liquid may be kept in micro-pores provided
in the filter member 3, for example. Such a capillary filter enables the liquid to
be filtered to easily flow through the filter member 3, but when all free liquid
has passed through the filter member 3, the remaining liquid kept in the filter
by the capillary action prevents flow of gas, such as air, through the wet filter
member 3. The capillary action thus does not participate in the dewatering it-
self, for instance by sucking water out of the slurry. In other words, in a capil-
lary filter liquid, usually water, may be kept in the micro-pores of the filter
member 3 by capillary forces and no flow of gas takes place after the free wa-
ter in the residue, such as the cake, has been removed. According to an em-
bodiment, the filter member 3 formed as a capillary filter prevents air from en-
tering the internal cavity 12.

According to another embodiment, the bubble point of the filter
member 3 is at least 0.2 bar. In this context, the bubble point refers to an effec-
tive bubble point. The effective bubble point describes a pressure difference
between the first filter surface 9a and the second filter surface 9b, at which 1
liter of air flows through one square meter of the second filter surface 9b during
a one minute time. In other words, when a 0.2 bar pressure difference is pro-
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vided, in such a filter member 3, between the outside of the filter element 1 and
the inside of the filter element 1, such as within the internal cavity 12, a maxi-
mum of 1 liter of air should be able to pass through a square meter of the sec-
ond filter surface of the filter member 3 during a one minute time. If a flow of air
through the filter member 3 at 1 liter per minute requires a pressure difference
of 0.2 bar or greater, the bubble point of the filter member 3 is thus at least 0.2
bar. Thereby, in embodiments where it is not practical to block the flow of air
completely, only a very minor amount of air may be able to flow through the
filter member 3 when the cake is being dried. When the cake is being dried, an
underpressure is provided within the filter element 1, such as within the internal
cavity 12, which means than the pressure inside the filter element 1 is lower
that the pressure outside the filter element 1.

According to an embodiment, at least 600 liter of water per an hour
and per one square meter of the second filter surface 9b may be able to pass
through the filter member 3 when a pressure difference of 1 bar is provided
between the first filter surface 9a and the second filter surface 9b. Thus, a suf-
ficient amount of water may flow through the filter member 3 to provide efficient
filtering of the slurry, especially when the actual filtering takes place. During
filtering, an underpressure is provided within the filter element 1, such as within
the internal cavity 12, which means that the pressure inside the filter element 1
is lower than the pressure outside the filter element 1.

The pressure difference between the inside of the filter element 1
and the outside of the filter element 1 may be greater during the actual filtering
than during the drying of the cake. The drying of the cake may take place for
instance in a disc filter apparatus 2 when the filter element 1 in question has
passed the filtering position, such as the lowest position in the filter 15 and ro-
tated back upwards. In other words, a specific filter element 1 participates in
the actual filtering at a different point of time and at a different position in the
filter apparatus 2 than in the drying of the cake. Thus, the relevant pressure
difference for the actual filtering and the drying of the cake may be different
from one another.

The structure of the filter member 3, such as the mean pore size of
the filter member 3, affects both the effective bubble point and the flow of water
through the filter member 3.

The thickness D2, D2’ of the filter member 3 in the transverse direc-
tion of the filter element 1 may be smaller than or equal to 24 mm.
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According to an embodiment, the filter element may comprise at
least one filter member 3 arranged on each side S1, S2 of the frame member 4
providing two first filter surfaces 9a, one on each side S1, S2 of the frame
member 4. Such a filter element 1 may be suitable for a disc filter apparatus
and the filtering surface may be doubled. According to such an embodiment,
the thickness D2, D2’ of the filter member 3 may be smaller than or equal to 12
mm. According to an embodiment, the thickness D2 of the filter member 3 is in
the range of 3 mm to 10 mm. According to a further embodiment, the thickness
D2 of the filter member 3 is in the range of 5 mm to 10 mm. Thereby, a lighter
filter element 1 can be provided, making the filter element 1 easier and safer to
handle during maintenance, for example. According to a further embodiment,
the widest distance D3 between the second filter surfaces 9b of the filter ele-
ments 1 may be in in the range of 10 to 100 mm, preferably in the range of 15
to 50 mm. According to an embodiment, the ratio between the total distance
D3 between the second filter surfaces 9b of the filter element 1 and the thick-
ness D2, D2’ of the filter member 1 may be in the range of 3 to 10.

According to an embodiment, the filter element 1 may further com-
prise a frame member 4 arranged to support the at least one filter member 3 in
such a manner that the internal cavity 12 is formed. The frame member 4 may
also be arranged to connect the filter member 3 to the filter apparatus 2.

In embodiments, where the filter member 3 and frame member 4
are provided as separate structural parts, materials of the filter member 3 and
the frame member 4 can be selected independently. Thereby, the suitability of
the materials for each part of the filter element can be evaluated separately
and materials and their properties, such as lightness and degree or permeabil-
ity, can be selected based on the specific requirements of each part. For in-
stance, a filter element 1 can be provided that is light and at the same time
durable to withstand changes in pressure related to vacuum being provided
inside the filter element 1 during filtering and positive pressure being provided
inside the filter element 1 during cleaning and/or maintenance.

According to an embodiment, the frame member 4 may comprise a
material that is less water-absorbent than the material of the filter member 3.
This prevents the liquid from being absorbed in the frame member 4 during
use. This further lightens the filter element 1 during and after use and makes
the filter element 1 easier and safer to handle during maintenance, and helps
avoiding acid leaking during maintenance, for example.
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According to an embodiment, the frame member 4 may comprise at
least one support part 6 for supporting the filter member 3. This enables
providing a more durable structure of the filter element also when using filter
member(s) 3 with a thickness D2 smaller than or equal to 12 mm. According to
a further embodiment, the frame member 4 may comprise a plurality of support
parts 6. In such a filter element 1, the durability can be further improved and/or
the flow of the filtered liquid inside the cavity 12 can be optimized.

According to an embodiment, the frame member 4 may comprise a
plurality of support parts 6 spaced from other support parts 6, such that the
support parts 6 do not transfer forces to one another. In embodiments, where
the frame member 4 and filter member 3 arranged in contact with one another
comprise materials with different thermal expansion coefficients, forces, such
as torsional forces, may occur. These forces may be accumulated if continu-
ous contact surfaces with large cross-section are formed, such as when a sin-
gle support part 6 with a large cross-section in contact with the filter member 3
is provided. These forces may, for instance, compromise the durability of the
filter element 1 and if the support parts 6 are arranged to one another in such a
manner that these forces may be transferred between them, failure in one of
the support parts 6 may accumulate while transferring to other support parts 6.
A plurality of support parts 6 spaced from one another can be provided instead
to avoid the transfer of forces between the support parts 6. Thus, problems
related to thermal expansion can be avoided and the material(s) of the filter
member 3 and the frame member 3, such as the material(s) of the support
parts 6, can be selected more freely. In some embodiments, in other hand, the
material(s) of the filter member 3 and frame member 4 may be selected to
avoid or minimize problems related to thermal expansion instead of or in addi-
tion to structural means.

According to another embodiment, the frame member 4 may com-
prise one support part 6 to support the filter member 3. According to one em-
bodiment, such a support part may 6 extend on the outer part of the filter
member 3 and support the filter member 3 on the edges of the filter member 3.
According to another embodiment, such a support part 6 may be positioned on
the middle area of the filter member 3 supporting the filter member 3 substan-
tially at the middle of the filter member 3.

According to an embodiment, at least one support part 6 may com-
prise a material that is less water-absorbent than the material of the filter
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member 3. This prevents the liquid from being absorbed in the frame member
4 during use. According to an embodiment, all support parts 6 positioned on
the middle area of the filter member 3 supporting the filter member 3 substan-
tially at the middle of the filter member 3 may comprise a material that is less
water-absorbent than the material of the filter member 3. According to a further
embodiment, all support parts 6 of the filter member 3 may comprise a material
that is less water-absorbent than the material of the filter member 3.

According to an embodiment, the frame member 4 may comprise at
least one support part 6 and the sum of the cross-sectional areas of a filter
member ends of the support parts 6 may be in the range of 6 per cent to 60
percent, preferably in the range of 10 per cent to 40 per cent, and more prefer-
ably in the range of 15 per cent to 25 per cent, of the sum of the areas of the
first filter surfaces 9a of the filter members 3 arranged on the same side of the
internal cavity 12 and at the filter member end 44 of the support parts 6.

According to an embodiment, the structure of the frame member 4
may be formed to prevent transfer of forces, such as torsional forces, between
the support parts 6. Thus, problems caused by thermal expansion can be
avoided or decreased by structural means instead of or in addition to by the
properties of the materials the filter element 1 comprises. This provides an im-
proved and long-lasting solution for avoiding the effect of forces, for example
torsional forces, that might compromise the durability of the filter element 1. In
addition to thermal expansion, these forces may comprise mechanical forces
caused by loads, changes in the negative and/or positive pressures inside and
outside the filter element 1 or some other features related to the use of the fil-
ter element 1, for example.

According to an embodiment, each support part 6 may be connect-
ed to at least one other support part 6 by a connector 8 comprising a non-
linear shape, such as a curved shape. Such a structure comprising support
parts connected to one other is easy to handle during assembly, for example,
while the non-linear shape of the connectors 8 effectively decreases the trans-
fer of forces between the support parts 6.

According to an embodiment, at least one of the support parts 6
may be connected to at least one of the other support parts 6 by a connector 8
that does not transfer forces or at least decreases the transfer of forces be-
tween the support parts 6. Such a connector 8 may comprise a connector 8
that is formed as flexible in at least one direction. The flexibility may be provid-
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ed by selection of the material of the connector 8 and/or by making the con-
nector 8 so thin that it cannot transfer considerable forces between the support
parts 6.

According to an embodiment, the support parts 6 are not connected
to one another, but are only in contact with the filter members 3. Such support
parts 6 can be formed to be easy to manufacture, for instance by a robot, and
modular, such that similar support parts 6 can be used in different kind of filter
element configurations. This can save in number and cost of molds, for exam-
ple. Still, a filter element 1 that is light and durable to stand both positive pres-
sure and underpressure inside the internal cavity 12 during use and mainte-
nance and/or that works well in different temperatures during manufacturing
and use can be provided.

According to an embodiment, the number of support parts 6 on a
square meter of first filter surface 9a may be in the range of 50 to 4000 support
parts 6. A most suitable number of support parts 6 depend on the embodiment,
such as the type of the filter apparatus and the purpose it is used for, and the
cross-sectional area of each individual support part 6. For instance, according
an embodiment where the support parts 6 comprise a round cross-section, a
number of support parts 6 on a square meter of first filter surface 9a may be in
the range of 1000 to 4000 support parts 6, preferably in the range of 1500 to
2500 support parts 6. According to an embodiment where the support parts 6
comprise an elongated cross-section, a number of support parts 6 on a square
meter of first filter surface 9a may be in the range of 50 to 400 support parts 6,
preferably in the range of 100 to 200 support parts 6.

By selection of a suitable number and/or cross-sectional area of the
support parts 6 optimal flow of the filtered liquid and sufficient support for the
filter member(s) 4 to withstand the pressures during use and maintenance can
be enabled.

According to an embodiment, the frame member 4 may comprise a
different material or combination of materials than the filter member(s) 3. Ac-
cording to an embodiment, the frame member 4 may have a thermal expan-
sion coefficient different from that of the filter member 3.

According to an embodiment, the filter member 3 may comprise a
ceramic material or a composition comprising a ceramic material. Using a ce-
ramic material or a composition comprising a ceramic material in the filter
member(s) 3, very good filtering properties may be achieved. According to an
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embodiment, the ceramic material may comprise alumina (Al203), aluminium
silicates, silicon carbide and/or titania (TiOz2).

According to an embodiment, the filter member 3 may comprise at
least one of the following: a polymer material, a composition comprising a pol-
ymer material, and a metal.

The filter member 3 may form a capillary filter. A capillary filter refers
to a filter, wherein the structure and/or the material of the filter, such as the
filter member 3, enables a certain amount of liquid, such as water, to be kept in
the filter by a capillary action. The liquid may be kept in micro-pores provided
in the filter member 3, for example. Such a capillary filter enables the liquid to
be filtered to easily flow through the filter member 3, but when all free liquid
has passed through the filter member 3, the remaining liquid kept in the filter
by the capillary action prevents flow of gas, such as air, through the wet filter
member 3. The capillary action thus does not participate in the dewatering it-
self, for instance by sucking water out of the slurry. In other words, in a capil-
lary filter liquid, usually water, may be kept in the micro-pores of the filter
member 3 by capillary forces and no flow of gas takes place after the free wa-
ter in the residue, such as the cake, has been removed. According to an em-
bodiment, the filter member 3 formed as a capillary filter prevents air from en-
tering the internal cavity 12.

According to an embodiment, the frame member 4 may comprise a
polymer material or a composition comprising a polymer material. This enables
making the frame member 4 and, thus, the filter element 1 light and durable,
avoiding the frame absorbing water that would increase the weight of the frame
member 4 and the filter element 1 in use and/or providing more flexibility in the
frame member 4 and, therefore, the filter element 1. The polymer material may
comprise a thermoplastic, for example. The thermoplastic may comprise at
least one of the following: polyamide (PA), polysulphone (PSU), polyethersul-
phone (PES), polyphenylene oxide (PPO), polyphenylene sulphide (PPS), ac-
rylo butadiene styrene (ABS), polybutylene terephthalatate (PBT), polycar-
bonate (PC), and polyolefins, such as polypropylene (PP), polyethylene (PP),
e.g. high density polyethylene (HDPE). The thermoplastics may be particularly
suitable for molding such frame member 4 structures. According to another
embodiment, the polymer material may comprise a thermoset plastic, for in-
stance an epoxy, a polyurethane or a polyester.

According to an embodiment, at least the surface of the support
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parts 6 comprises the polymer material. A polymer material may be used for
instance to provide smooth surfaces minimizing the effect of the support parts
6 on the flow of the filtered liquid.

According to a further embodiment, the frame member may com-
prise metal.

According to an embodiment, the edge part 5 of the frame member
4 may comprises a material that differs from the material of the support parts 6.
In other words, parts of the frame member 4 may comprise different materials
or combinations of materials. This enables selection of a material most suitable
for each structural part of the frame member 4 from part-specific requirement
point of view.

According to another embodiment, the edge part 5 of the frame
member 4 may comprise the same material as the material of the support parts
6. This ensures that the parts of the frame member 4 have the same thermal
expansion coefficient, which helps avoiding forces being formed between the
edge part 5 and the support parts 6.

According to an embodiment, the frame member 4 comprises a ma-
terial, the water absorbance of which is less than 15 per cent, preferably less
than 5 per cent and most preferably less than 2 per cent, of the dry weight of
the material. In other words, the frame member 4 may comprise a material ca-
pable of absorbing a maximum of 15 g of water per 100 g of dry weight of the
material. Preferably, the frame member 4 may comprise a material capable of
absorbing a maximum of 5 g of water per 100 g of dry weight of the material.
The water absorbance is typically defined by the ability of the material to ab-
sorb water in room temperature during a time period of 24 hours.

According to an embodiment, at least one filter member 3 may be
arranged fixedly to the frame member 4. According to an embodiment, the at
least one filter member 3 may be glued or melted fixedly to the frame member
4. These methods of fixedly arranging filter member 3 to the frame member 4
can provide a durable bond, be beneficial from manufacturing point of view
and/or provide a filter element 1 that is light and durable when vacuum (= un-
derpressure) or pressure (= positive pressure) is provided inside the internal
cavity 12. According to an embodiment, the at least one filter member 3 may
be arranged fixedly to at least one support part 6 of the frame member 4. This
may additionally help avoiding problems related to thermal expansion.

According to an embodiment, the pore size distribution in the mate-
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rial of the filter member 3 is equal through the whole thickness of the filter ele-
ment.

According to an embodiment, the pore size in the material of the fil-
ter member 3 increases with the distance from the second filter surface 9b of
the filter member 3 towards the first filter surface 9a of the filter member 3,
such that the pores with the smallest pore size are faced towards the material
to be filtered. This enables a better flow of the liquid through the filter member
3 when compared to a filter member 3 with an equal pore size through the
thickness of the filter member 3.

According to an embodiment, the filter element according to any one
of claims 1 to 8, wherein the filter member 3 may comprise a multi-layer struc-
ture comprising at least a support substrate layer and a filter membrane layer.
According to an embodiment, the ratio between the thickness D2, D2’ of the
filter member 3 and the membrane thickness (not shown) may be in the range
of 5 to 15. In other words, a thinner filter membrane layer forming a capillary
filter may be arranged on the second filter surface 9b of the filter member 3, for
example, and a thicker support substrate layer may be arranged on the first
filter surface 9a side of the filter membrane layer to support the filter mem-
brane layer. According to an embodiment, the ratio between the pore size in
the support substrate layer and the filter membrane layer may be in the range
of 50 to 150. In other words, the pore size of the filter membrane layer may be
smaller enabling forming of the capillary filter and the pore size of the support
substrate layer may be in the range of 50 to 150 times the pore size of the filter
membrane layer. This enables for instance a better flow of the liquid through
the filter member 3 when compared to a filter member 3 formed of a material of
the smaller pore size only and for instance more durable bond in embodiments
where the filter member 3 is glued to the frame member 4. According to an
embodiment, the filter member may comprise at least two filter membrane lay-
ers.

According to an embodiment, the frame member 4 comprises at
least in the vicinity of the connecting member end 10 of the frame member
connecting the filter element 1 to the filter apparatus 2 a portion comprising an
identification information for filter element 1 identification purposes, a flow
channel for guiding filtered liquid to the filter apparatus 2.

Figure 3 is a perspective top view illustrating a disc filter apparatus,
and Figure 4 is a side view illustrating the disc filter apparatus shown in Figure
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The disc filter apparatus 2 comprises a filter 15 consisting of several
consecutive co-axial filter discs arranged in line co-axially around the central
shaft 21 of the filter 15.

The filter 15 is supported by bearings on a frame of the filter appa-
ratus and is rotatable about the longitudinal axis of the central shaft 21 such
that the lower portion of the filter 15 is submerged in a slurry basin located be-
low the filter 15. The filter is rotated by e.g. an electric motor.

The number of the filter discs may range from 2 to 20, for example.
The filter apparatus shown in Figure 3 comprises twelve (12) filter discs. The
outer diameter of the filter 15 may be ranging from 1.5 m to 4 m, for example.
Examples of commercially available disc filters include Ceramec CC filters,
models CC-6, CC-15, CC-30, CC-45, CC-60, CC-96 and CC-144 manufac-
tured by Outotec Inc.

All the filter discs can be preferably essentially similar in structure.
Each filter disc may be formed of a number of individual sector-shaped filter
elements 1 discussed earlier in this description. The filter elements 1 are
mounted circumferentially in a radial planar plane around the central shaft 21
to form an essentially continuous and planar disc surface. The number of the
filter plates in one filter disc may be 12 or 15, for example.

As the central shaft 21 is fitted so as to revolve, each filter element 1
is, in its turn, displaced into a slurry basin and further, as the central shaft 21
revolves, rises out of the basin. As the filter member 3 is submerged in the
slurry basin, the cake forms onto the filter member 3 under the influence of the
vacuum. Once the filter element 1 comes out of the basin, pores of the filter
member 3 are emptied as the cake is deliquored for a predetermined time
which is essentially limited by the rotation speed of the disc. The cake can be
discharged by e.g. scraping, after which the cycle begins again.

Operation of the disc filter apparatus may be controlled by a filter
control unit, such as a Programmable Logic Controller, PLC.

Function of disc filter apparatus is known per se and is therefore not
described in more detail.

A filter element 1 according to the current solution may, thus, be
provided the weight of which is in the range of 20 to 30 kilograms per a square
meter of filtering area. Such a filter element 1 is easier and safer to handle and
maintain than typical known filter elements available for disc filter apparatuses.
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It will be obvious to a person skilled in the art that, as the technology
advances, the inventive concept can be implemented in various ways. The in-
vention and its embodiments are not limited to the examples described above
but may vary within the scope of the claims.
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CLAIMS

1. A filter element for a disc filter apparatus, the filter element com-
prising at least one filter member, wherein the thickness of the filter member in
the transverse direction of the filter element is smaller than or equal to 24 mm,
characterized inthat

the filter member comprises a permeable membrane layer and has
a first filter surface for receiving a pressure and directed towards an internal
cavity arranged inside the filter element, and a second filter surface for receiv-
ing solid particles filtered from a feed, wherein the filter member forms a capil-
lary filter, and

that the filter element further comprises at least one filter member
arranged on each side of a frame member providing two first filter surfaces,
one on each side of the frame member.

2. The filter element according to claim 1, wherein the thickness of
the filter member is smaller than or equal to 12 mm.

3. The filter element according to claim 2, wherein the thickness of
the filter member is in the range of 3 mm to 10 mm.

4. The filter element according to claim 3, wherein the thickness of
the filter member is in the range of 5 mm to 10 mm.

5. The filter element according to claim 1, wherein the widest dis-
tance between the second filter surfaces of the filter elements is in the range of
10 to 100 mm.

6. The filter element according to any one of the preceding claims,
wherein the filter element further comprises

at least one frame member arranged to support the at least one filter
member in such a manner that the internal cavity is formed, and

wherein the frame member comprises a material that is less water-
absorbent than the material of the filter member.

7. The filter element according to any one of the preceding claims,
wherein the frame member comprises at least one support part for supporting
the filter member.

8. The filter element according to claim 7, wherein the frame mem-
ber comprises a plurality of support parts.
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9. The filter element according to claim 7 or 8, wherein the support
part extends on the outer part of the filter member and support the filter mem-
ber on the edges of the filter member.

10. The filter element according to any one of claims 7 to 9, wherein
the support part is positioned on the middle area of the filter member support-
ing the filter member substantially at the middle of the filter member.

11. The filter element according to any one of claims 7 to 10, where-
in at least one support part comprises a material that is less water-absorbent
than the material of the filter member.

12. The filter element according to any one of the preceding claims,
wherein the at least one filter member is glued or melted fixedly to the frame
member.

13. The filter element according to any one of the preceding claims,
wherein the filter member comprises at least one of the following: ceramic ma-
terial, a composition comprising a ceramic material, a polymer material, a
composition comprising a polymer material, a metal and a filter cloth.

14. The filter element according to any one of the preceding claims,
wherein the frame member comprises a polymer material or a composition
comprising a polymer material.

15. The filter element according to any one of the preceding claims,
wherein the frame member comprises a material, the water absorbance of
which is less than 15 per cent of dry weight of the material.

16. The filter element according to any one of the preceding claims,
wherein the pore size of the material of the filter member increases with the
distance from second filter surface of the filter member towards the first filter
surface of the filter member, such that the pores with the smallest pore size are
faced towards the material to be filtered.

17. The filter element according to any one of the preceding claims,
wherein the filter member comprises a multi-layer structure comprising at least
a support substrate layer and a filter membrane layer.

18. The filter element according to claim 17, wherein the ratio be-
tween the thickness of the filter member and the filter membrane layer thick-
ness is in the range of 5 to 15.

19. The filter element according to claim 17 or 18, wherein the filter
member comprises at least two filter membrane layers.
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20. The filter element according to any one of the preceding claims,
wherein the bubble point of the filter member is at least 0.2 bar.

21. The filter element according to any one of the preceding claims,
wherein the frame member comprises at least in the vicinity of the connecting
member end of the frame member connecting the filter element to the filter ap-
paratus a portion comprising an identification information for filter element
identification purposes, a flow channel for guiding filtered liquid to the filter ap-
paratus.

22. A filter element for a disc filter apparatus, the filter element com-
prising at least one filter member,

wherein the filter member comprises a permeable membrane layer
and has a first filter surface for receiving a pressure and directed towards an
internal cavity arranged inside the filter element, and a second filter surface for
receiving solid particles filtered from a feed, wherein the filter member forms a
capillary filter and wherein

the thickness of the filter member in the transverse direction of the
filter element is smaller than or equal to 24 mm.

23. The filter element according to claim 22, wherein the filter ele-
ment comprises at least one filter member arranged on each side of the frame
member providing two first filter surfaces, one on each side of the frame mem-
ber.

24. The filter element according to claim 23, wherein the thickness
of the filter member is smaller than or equal to 12 mm.

25. The filter element according to claim 24, wherein the thickness
of the filter member is in the range of 3 mm to 10 mm.

26. The filter element according to claim 25, wherein the thickness
of the filter member is in the range of 5 mm to 10 mm.

27. The filter element according to claim 23, wherein the widest dis-
tance between the second filter surfaces of the filter elements is in in the range
of 10 to 100 mm.

28. The filter element according to any one of claims 22 to 27,
wherein the filter element further comprises

at least one frame member arranged to support the at least one filter
member in such a manner that the internal cavity is formed, and

wherein the frame member comprises a material that is less water-
absorbent than the material of the filter member.
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29. The filter element according to any one of claims 22 to 28,
wherein the frame member comprises at least one support part for supporting
the filter member.

30. The filter element according to claim 29, wherein the frame
member comprises a plurality of support parts.

31. The filter element according to claim 29 or 30, wherein the sup-
port part extends on the outer part of the filter member and support the filter
member on the edges of the filter member.

32. The filter element according to any one of claims 29 to 31,
wherein the support part is positioned on the middle area of the filter member
supporting the filter member substantially at the middle of the filter member.

33. The filter element according to any one of claims 29 to 32,
wherein at least one support part comprises a material that is less water-
absorbent than the material of the filter member.

34. The filter element according to any one of claims 22 to 33,
wherein the at least one filter member is glued or melted fixedly to the frame
member.

35. The filter element according to any one of claims 22 to 34,
wherein the filter member comprises at least one of the following: ceramic ma-
terial, a composition comprising a ceramic material, a polymer material, a
composition comprising a polymer material, a metal and a filter cloth.

36. The filter element according to any one of claims 22 to 35,
wherein the frame member comprises a polymer material or a composition
comprising a polymer material.

37. The filter element according to any one of claims 22 to 36,
wherein the frame member comprises a material, the water absorbance of
which is less than 15 per cent of dry weight of the material.

38. The filter element according to any one of claims 22 to 37,
wherein the pore size of the material of the filter member increases with the
distance from second filter surface of the filter member towards the first filter
surface of the filter member, such that the pores with the smallest pore size are
faced towards the material to be filtered.

39. The filter element according to any one of claims 22 to 38,
wherein the filter member comprises a multi-layer structure comprising at least
a support substrate layer and a filter membrane layer.
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40. The filter element according to claim 39, wherein the ratio be-
tween the thickness of the filter member and the filter membrane layer thick-
ness is in the range of 5 to 15.

41. The filter element according to claim 39 or 40, wherein the filter
member comprises at least two filter membrane layers.

42. The filter element according to any one of claims 22 to 41,
wherein the bubble point of the filter member is at least 0.2 bar.

43. The filter element according to any one of claims 22 to 42,
wherein the frame member comprises at least in the vicinity of the connecting
member end of the frame member connecting the filter element to the filter ap-
paratus a portion comprising an identification information for filter element
identification purposes, a flow channel for guiding filtered liquid to the filter ap-
paratus.
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