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Abstract:

The invention relates to a method for separating material to be separated in a centrifugal force
separator (CFS) (1), wherein a separating medium (14) is introduced into the CFS (1) in such a way
that a vortex with an air core is generated inside the CFS (1), wherein the material to be separated is
introduced into the CFS (1) via at least one forced conveying device (9). Furthermore, the invention
relates to an apparatus for carrying out said method, comprising a CFS (1) having an inlet for the
material to be separated (5) for introducing material to be separated and a separating medium inlet
(7) for introducing a separating medium (14), wherein the apparatus comprises at least one forced
conveying device (9) connected to the inlet for the material to be separated (5).
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Separation of material to be separated in a centrifugal force
separator

The invention relates to a method for separating material to be
separated in a centrifugal force separator (CFS) and to an appa-

ratus for carrying out this method.

CFS enable the separation of particles according to their den-
sity in relation to the density of a separating medium. Origi-
nally developed for coal preparation, CFS are now used for a

wide variety of sorting tasks.

CFS typically comprise cylindrical housings whose longitudinal
axis is usually oriented at an angle, for example between 20°
and 40°, to the horizontal during operation. A separating medium
is usually introduced through an involute-shaped inlet in the
housing sheath (jacket, shell) in a lower region of the CFS, so
that a vortex or turbulent flow with an air core is generated
along the longitudinal axis of the CFS and the separating medium
exits again through an involute-shaped outlet in the upper re-
gion of the housing sheath. The material to be separated is in-
troduced through an inlet usually centrally located at an upper
front side of the cylindrical housing. Low density particles
float up at the interface between the separating medium and the
alr core and are conveyed by gravity along the longitudinal axis
of the CFS to an outlet centrally located at the lower rear side
of the cylindrical housing. High-density particles sink into the
separating medium, are forced radially outward by centrifugal
force, and exit the CFS through a separating medium outlet at
the top of the housing. The particles contained in the material
to be separated can thus be sorted according to their density in

relation to the density of the separating medium.

A variety of different CFS are known from the state of the art.
Among other things, CFS are also known as dense media separators
(DMS), cylindrical cyclone separators, dynamic separators, or
under the product names Dyna Whirlpool separators, TriFlo sepa-
rators and LARCODEMS (large coal dense media separators). Suilta-
ble CFS are disclosed, for example, in DE 198 47 229 Al and

WO 02/00352 Al.
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CN 106 861 896 A discloses a centrifugal force separator,
wherein a conveyor belt conveys the material to be separated,
which falls into the centrifugal force separator at the end of

the conveyor belt due to gravity.

CN 109 701 732 A discloses a centrifuge on which a feed unit is
arranged, the feed unit comprising a screw conveyor which termi-

nates before the centrifuge.

JP 2014 230498 A discloses a tissue separator comprising a cen-
trifugal force separator. Therein, on the one hand, a first so-
lution with tissue characters is introduced from above via a
first inlet opening and a second liquid is introduced via a lat-
eral second opening to generate a vortex in the conically ta-

pered container.

CN 208 928 368 U discloses a conveying device for conveying ma-
terial to be separated to a centrifugal force separator. Parti-
cles fall from a discharge plate into the centrifugal force sep-

arator.

EP 0 876 847 A2 discloses a method for separating mixed plas-

tics. A separating liquid is supplied via a stirred tank.

Although many prior art CFS are basically well suited for sepa-
rating different materials, they have disadvantages that affect
the efficiency and stability of the separation process. In par-
ticular, the throughput of the separation process is often un-

satisfactory and interruptions may occur. In many cases, an ex-
tensive pre-sorting of the material to be separated is also nec-

essary, which may further impair the efficiency of the method.

An object of the present invention may be seen in alleviating or
eliminating at least some disadvantages of the prior art. An ob-
ject of the present invention may also be seen in providing an
efficient separation process with high stability and high

throughput for different types of material to be separated.
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3

An embodiment of the invention provides a method for separating
material to be separated in a centrifugal force separator (CFS),
wherein a separating medium is introduced into the CFS such that
a vortex with an air core is generated inside the CFS, wherein
the material to be separated is introduced into the CFS via at

least one forced conveying device.

Another embodiment of the invention provides an apparatus for
carrying out the method described above, the apparatus compris-
ing a CFS having an inlet for the material to be separated (sep-
arating material inlet) for introducing material to be separated
and a separating medium inlet for introducing a separating me-
dium, the apparatus comprising at least one forced conveying de-

vice connected to the inlet for the material to be separated.

In the CFS known from the prior art, the material to be sepa-
rated is typically introduced by gravity alone. The particles
slide, for example, from a hopper into a hose or pipe which
opens into the CFS. Alternatively, the material to be separated

is flushed in as a suspension.

In connection with embodiments of the present invention, it has
been shown that major disadvantages of the known separation pro-
cesses may be overcome if the material to be separated is force-
conveyed into the CFS. This type of material feed enables a con-
tinuous and controllable feed into the CFS. Material bridges and
caking may be avoided or reduced. Clogging occurs less fre-
quently, which reduces maintenance and increases plant availa-
bility. Continuous material feed enables a more stable separa-
tion process, resulting in high separation efficiency and allow-
ing high throughputs to be maintained. Forced conveying also en-
ables better flexibility of the separation process with respect
to heterogeneous particle collectives, reducing the need for

pre-sorting of the material to be separated.

In order to force the material to be separated into the CFS, at
least one forced conveying device is connected to the inlet for
the material to be separated of the CFS in such a way that a

forced conveying of the material to be separated into the CFS is

enabled. Advantageously, the forced conveying device is flanged
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directly to the inlet for the material to be separated of the
CFS. For example, a flange may be provided with a flat gasket, a
flexible sealing compound or an O-ring and tightened, whereby a
tight connection may be achieved. Alternatively, the forced con-
veying device may be connected to the CFS, for example, via a
sleeve with sealing lips or, if the inlet for the material to be
separated is designed as a pipe section (lining pipe), via an
annular space seal or press ring seal. In a preferred embodi-
ment, the forced conveying device is connected to the inlet for
the material to be separated via a compensator. This has the ad-
vantage that, for example, shrinkage may be absorbed and compen-

sated.

Additional advantageous embodiments of the method and the appa-
ratus according to exemplary embodiments of the invention are

described in the following.

Any conveying equipment that provides forced conveying is suita-
ble in connection with the method and the apparatus according to
the invention. The forced conveying device may, for example, be
a pipe in which there is a rotating screw or spiral which pro-
vides for the forced conveying of the material to be separated.
Preferably, the material to be separated is introduced via a
screw conveyor or a spiral conveyor provided as a forced convey-
ing device. According to a preferred embodiment, the forced con-
veying device is therefore a screw conveyor or a spiral con-

veyor.

In connection with embodiments of the present invention, it is
favorable if the feed via the forced conveying device is prefer-
ably infinitely (seamlessly) controllable via a drive unit. In a
preferred embodiment of the apparatus according to the present
invention, the forced conveying device therefore has a prefera-
bly infinitely controllable drive unit. This enables precise
control of the material feed, ensuring a high throughput without
overloading the CFS. In addition, the separation process may be
flexibly adapted to the type of the material to be separated by
controlling the conveying speed. Preferably, therefore, the
forced conveying device is driven by a motor whose speed can be

infinitely controlled.
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In a preferred embodiment, the material to be separated is in-
troduced into the forced conveying device from a receiver tank
with a stirring unit. The forced conveying device is therefore
preferably connected to a receiver tank having a stirring unit.
The stirring unit allows material bridges to be reduced when
feeding the forced conveying device, which further increases the

efficiency and stability of the separation material feed.

In a particularly preferred embodiment, the material to be sepa-
rated is introduced into the forced conveying device from a re-
ceiver tank with a discharge bottom. The forced conveying device
is therefore preferably connected to a receiver tank having a
discharge bottom. The discharge bottom is preferably a moving
bottom, for example a screw discharge bottom. In this embodi-
ment, the bottom of the receiver tank is formed at least par-
tially, preferably completely, by screws, which enables a par-
ticularly uniform feeding of the forced conveying device. The
formation of material bridges may be particularly effectively
reduced. The flow of the material to be separated may also be
varied over a wide range by changing the rotational speed of the

SCrews.

In the context of embodiments of the invention, it is preferred
if the CFS has a substantially cylindrical housing for receiving
the separating medium and the material to be separated. Prefera-
bly, therefore, the CFS has a housing with a front side and a
rear side which are connected via a substantially cylindrical
housing sheath (jacket, shell). The front side and the rear side
may also be referred to as the 1id and the bottom of the CFS.
CFSs such as those disclosed in DE 198 47 229 Al and WO 02/00352

Al are particularly preferred.

Preferably, the CFS has at least one inlet for the material to
be separated and at least one separating medium inlet. The inlet
for the material to be separated and the separating medium inlet
are preferably separate inlets and it is preferred that the ma-
terial to be separated and the separating medium are introduced
into the CFS separately. Separation systems in which the mate-

rial to be separated and the separating medium are introduced
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together are also known in the state of the art. However, one of
the advantages of separate introduction is that the flow of the

separating medium is easier to control.

The material to be separated i1s preferably introduced at the
front side of the CFS. In particular, it is preferred that the
material to be separated is introduced substantially into the
center of the front side of the CFS. The inlet for the material
to be separated is therefore preferably arranged at the front
side of the CFS, in particular substantially centrally at the
front side of the CFS.

Preferably, the material to be separated is introduced substan-
tially in the direction of the longitudinal axis of the CFS. The
longitudinal axis of the forced conveying device is therefore
preferably aligned substantially flush with the longitudinal
axis of the CFS. However, it is also possible for the longitudi-
nal axis of the forced conveying device to be aligned at an an-
gle to the longitudinal axis of the CFS, in particular if more

than one forced conveying device is connected to the CFS.

Preferably, the CFS has a light material outlet, which is pref-
erably arranged at the rear side of the CFS opposite the front
side, in particular substantially centrally at the rear side.
During operation, low-density material may thus migrate from an
inlet for the material to be separated at the front side through
an air column forming along the longitudinal axis of the CFS to
the light material outlet at the rear side of the CFS, where it

may be recovered as a light material fraction.

Preferably, the separating medium inlet of the apparatus accord-
ing to the invention is an involute-shaped inlet at the prefera-
bly substantially cylindrical housing sheath of the CFS. It is
advantageous if the separating medium inlet is arranged at the
housing sheath adjacent to the rear side of the CFS, in particu-
lar if the separating medium inlet is adjacent to the rear side
of the CFS. Preferably, the separating medium inlet is arranged
substantially in a tangential direction to a substantially cy-
lindrical housing sheath of the CFS. In the method according to

the invention, the separating medium is preferably introduced
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through such a separating medium inlet. Preferably, therefore,
the separating medium is introduced adjacent to the rear side of
the CFS. Preferably, the separating medium is introduced sub-
stantially tangentially to the envelope of the separating medium
flow.

In a preferred embodiment of the method according to the inven-
tion, the material to be separated is introduced into the CFS
via at least one further forced conveying device. Preferably,
therefore, the apparatus according to the invention has at least
one further forced conveying device connected to the inlet for
the material to be separated. In this context, it is not abso-
lutely necessary that the multiple forced conveying devices open
into a single opening in the housing of the CFS. The inlet for
the material to be separated may also comprise several adjacent
openings, to each of which a forced conveying device is con-
nected. It is particularly preferred if the material to be sepa-
rated is introduced into the CFS via at least two, 1n particular
at least three forced conveying devices; or if the apparatus ac-
cording to the invention comprises at least two, in particular
at least three forced conveying devices connected to the inlet
for the material to be separated. The provision of several
forced conveying devices allows even greater flexibility in the
introduction of the material to be separated. Advantageously,
different materials to be separated, for example with respect to
composition or size distribution, may be introduced via separate
forced conveying devices. Furthermore, the forced conveying de-
vices may be operated at conveying speeds that differ from one
another. Thus, the conveying speed may be adapted to the respec-
tive material to be separated and a high throughput may be en-
sured without overloading the CFS. In addition, the ratio in
which the different materials to be separated are fed into the

CFS may be controlled.

The preferred embodiments described herein in connection with a
single forced conveying device apply equally to each of the

forced conveying devices of the methods and the apparatuses ac-
cording to the invention, which concern the use or presence of

multiple forced conveying devices. It is therefore preferred,
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for example in connection with the method and the apparatus ac-
cording to the invention, that at least one, in particular pref-
erably each, of the forced conveying devices is a screw conveyor
or a spiral conveyor. It is also preferred that at least one, in
particular preferably each, of the forced conveying devices is
connected to a receiver tank comprising a discharge bottom or a

stirring unit.

Preferably, the introduction is carried out via the forced con-
veying devices in different directions that deviate from the
longitudinal axis of the CFS. With respect to the apparatus ac-
cording to the invention, it is therefore preferred if the
forced conveying devices are arranged at an angle to each other.
Preferably, therefore, the forced conveying devices each have a
longitudinal axis, the longitudinal axes being arranged at an
angle to one another. In a preferred embodiment, the longitudi-
nal axis of one forced conveying device i1s aligned substantially
flush with the longitudinal axis of the CFS, while the longitu-
dinal axis of at least one further forced conveying device is
aligned at an angle to the longitudinal axis of the CFS, prefer-
ably between 5° and 80°, even more preferably between 10° and
60°, in particular between 15° and 45°. In a preferred embodi-
ment, the introduction is carried out via forced conveying de-
vices whose longitudinal axes are arranged at an angle of be-
tween 10° and 120°, preferably between 20° and 100°, even more
preferably between 30° and 80°, most preferably between 40° and
60° to each other. Preferably, the introduction is carried out
via at least three forced conveying devices, the angle between
the longitudinal axes of each pair of forced conveying devices
being between 10° and 120°, preferably between 20° and 100°,
even more preferably between 30° and 80°, most preferably be-
tween 40° and 60°. In the context of the apparatus according to
the invention, it is also preferred if the angle between the
longitudinal axes of the forced conveying devices is between 10°
and 120°, preferably between 20° and 100°, even more preferably
between 30° and 80°, most preferably between 40° and 60°. Pref-
erably, the apparatus has at least three forced conveying de-
vices, the angle between the longitudinal axes of each pair of
forced conveying devices being between 10° and 120°, preferably

between 20° and 100°, even more preferably between 30° and 80°,
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most preferably between 40° and 60°. The arrangements described
allow several forced conveying devices to be operated simultane-
ously in an efficient manner and the material to be separated

from each forced conveying device to be fed into the air column

forming in the CFS.

The method and the apparatus according to the invention are
suitable for separating a wide range of different types of mate-
rial to be separated, for example minerals, coal and waste of
any kind, in particular post-consumer waste or post-industrial
waste. The use of the method according to the invention is par-
ticularly advantageous for plastic waste, or used plastic. Due
to their shape, volume and low weight, waste, in particular used
plastic, very easily leads to blockages in CFS as used in the
prior art. In particular, flat particle collectives, e.g. plas-
tic films, may easily become entangled and agglomerate. In a
preferred embodiment, the material to be separated therefore
comprises plastics. The method and the apparatus according to
the invention are excellently suited for the separation of such
materials, since the forced conveying prevents blockages, or re-

duces them considerably.

Preferably, the proportion of plastics in the material to be
separated is at least 5% by weight, preferably at least 10% by
weight, even more preferably at least 25% by weight, even more
preferably at least 50% by weight, in particular at least 75% by
weight. The proportion of plastics in the material to be sepa-
rated may preferably be up to 90% by weight, preferably up to
100% by weight. The plastics are preferably selected from poly-
ethylene (PE), polypropylene (PP), polyvinyl chloride (PVC),
polyethylene terephthalate (PET) and polystyrene (PS), or mix-
tures thereof. Preferably, the plastics are polyolefins, in par-
ticular PE and/or PP. Polyolefins are particularly suitable for
plastics recycling in thermal-chemical conversion plants. It is
therefore preferred if the proportion of polyolefins, in partic-
ular the proportion of PE and/or PP, in the material to be sepa-
rated is at least 1% by weight, preferably at least 5% by
weight, more preferably at least 10% by weight, in particular at
least 20% by weight.
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In a preferred embodiment of the method according to the inven-
tion, the material to be separated is moistened before being in-
troduced into the CFS. It has been shown that the use of wet or
moist material to be separated may lead to a particularly effi-
cient separating process, since the transfer of material from
the air column into the separating medium may be facilitated.
For example, the transfer of hydrophobic plastics contained in
the material to be separated from the air core into water as the
separating medium may be facilitated in this way. The material
to be separated is preferably moistened with the same liquid
that is used as the separating medium. Preferably, the material
to be separated introduced into the CFS contains at least 0.1%
by weight of separating medium, preferably at least 0.5% by
weight, even more preferably at least 1% by weight, in particu-
lar at least 5% by weight. Preferably, however, the material to
be separated introduced into the CFS contains less than 80 wt.%
separating medium, preferably less than 50 wt.%, even more pref-
erably less than 25 wt.%, in particular less than 15 wt.%. Pref-
erably, the material to be separated introduced into the CFS
contains between 0.1 and 80 wt.% separating medium, preferably
between 0.2 and 50 wt.%, even more preferably between 0.5 and 25
wt.%, even more preferably between 1 and 20 wt.%, in particular

between 5 and 15 wt.% separating medium.

According to another exemplary embodiment, the material to be
separated consists of a mixture of solid particles and liquids,
in particular oil and solids, for example metal chips (metal
shavings). Metal chips often have an oily, greasy coating, which
is applied to metal components in metal processing operations
and the metal chips resulting therefrom. In the centrifugal sep-
arator, the metal chips are separated from the oily coating and
washed, so to speak. The heavier metal chips are conveyed along
the inside of the housing sheath of the CFS by means of the sep-
arating medium to the separating medium outlet and the separated
0il is conveyed centrally to the light material outlet. A wash-
ing effect is thus also included in the separation with water or
aqueous solutions. There are also applications where not only
the separation of the particles according to their density, but
also purely superficial impurities are to be washed off, e.g.

chips mixed with oil.
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In connection with the method according to the invention, the
separating medium preferably comprises water, in particular the
separating medium consists of water, especially if the material
to be separated comprises plastics, in particular polyolefins.
Polyolefins with lower density than water may thus be effi-

ciently separated from other materials with higher density.

According to another exemplary embodiment, the separating medium
comprises at least o0il (e.g. in an emulsion), or preferably con-

sists of oil.

According to another exemplary embodiment, the separating medium

comprises at least methanol, ethanol and/or isopropanol.

Accordingly, the separating medium may comprise agqueous solu-
tions which are provided with salts or suspensions (water with
fine particles such as lime powder or ferrosilicon). Further-
more, water/alcohol mixtures or oils may be used as separating
medium for the separation of materials to be separated at a den-

sity in particular smaller than 1 g/cm3.

According to another exemplary embodiment, the separating medium
comprises at least fat solvents, such as surfactants, in partic-
ular cationic, anionic and/or amphoteric surfactants. Thus, for
example, oily coatings adhering to the material to be separated
may be rinsed or better dissolved from the material to be sepa-

rated.

According to another exemplary embodiment of the apparatus, the
centrifugal force separator has a (cylindrical) housing with a
front side at which an inlet for the material to be separated is
provided. In particular, the housing is inclined with respect to
a bottom surface (for example, at an angle between the center
axis of the cylindrical housing and the bottom plane of 20 to
70, in particular 45 degrees), and the front surface at which
the inlet for the material to be separated is provided is the
upper front side. The forced conveying device is coupled to the
front side in such a way that the material to be separated is

forcibly conveyable through the inlet for the material to be
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separated. The material to be separated is thus guided through
the inlet for the material to be separated at least until it en-
ters the housing and is conveyed accordingly by forced convey-
ing. Thus, no uncontrolled and unguided introduction of material
to be separated takes place, as for example via a pure gravity
transport. A forced conveying device 1s, for example, a screw
conveyor whose screw extends up to the inlet for the material to
be separated or, for example, projects through the inlet for the

material to be separated into the interior of the housing.

According to another exemplary embodiment of the apparatus, the
forced conveying device comprises an outlet area from which the
material to be separated is forcibly conveyable into the hous-

ing. For example, the forced conveying device may have a cylin-
drical outer housing inside which a conveying device, such as a

SCrew conveyor, is arranged.

According to another exemplary embodiment of the apparatus, the
outlet area is formed at a free end of the forced conveying de-
vice, the forced conveying device being arranged such that the

outlet area is at the inlet for the material to be separated or

within the housing.

According to another exemplary embodiment of the apparatus, the
outlet area has an outlet opening at a front side at the free
end of the forced conveying device. Thus, the material to be
separated may be discharged into the housing in the axial direc-

tion or in the conveying direction.

According to another exemplary embodiment of the apparatus, the
outlet area has an outlet opening at a sheath surface of the
forced conveying device. Thus, the material to be separated may
be discharged into the housing transversely to the axial direc-
tion or to the conveying direction. A discharge transverse to
the axial direction may in particular have advantages during
separation in that the material to be separated is already in-
troduced with the direction of introduction to the edge of the
housing, thus enabling rapid removal of the heavy fraction by
means of the edge flow of the separating medium. Thus, the mate-

rial to be separated may be introduced primarily via the open
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front side of the screw conveyor or spiral conveyor, but intro-
duction via the sheath surface is also possible. At the outlet
opening, for example, holes or longitudinal slots, or a
screen/perforated plate may be provided to disperse the parti-
cles or the material to be separated more uniformly in order to

avoid point overcharging by larger agglomerates.

According to another exemplary embodiment of the apparatus, the
outlet area of the forced conveying device is present inside the

housing.

According to another exemplary embodiment of the apparatus, the
forced conveying device is displaceably arranged relative to the
housing, such that a position of the outlet area inside the
housing is adjustable along the longitudinal axis of the (cylin-
drical) housing. In other words, the forced conveying device has
a longitudinal axis passing through the inlet for the material
to be separated, the forced conveying device being displaceable
along the longitudinal axis (central axis) relative to the (e.g.
cylindrical) housing. In this case, the forced conveying device
may be displaced and the insertion depth of the forced conveying
device into the housing is changed. This allows the residence
time of the material to be separated, e.g. particles, in the CFS
to be changed. This may be advantageous for certain separation

tasks, e.g. if the residence time is increased.

According to another exemplary embodiment of the apparatus, the
apparatus has a safety device which is configured to detect an
impermissible internal pressure of the centrifugal force separa-
tor and/or an operating fault of the forced conveying device,
wherein the safety device is coupled to the drive unit in such a
way that, if an impermissible internal pressure of the centrifu-
gal force separator and/or an operating fault of the forced con-
veying device are detected, an operating stop of the drive unit
may be set. At the end of the conveyor section, for example in-
side the housing, there is the outlet area with outlet openings
there, so that at a desired position the material to be sepa-
rated may be discharged in the housing. Thus, an exact separa-
tion may be predetermined and defined, since, for example, at

the desired position where the material to be separated leaves
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the forced conveying device, a predetermined path to the separa-
tion medium outlet of the heavy fraction and a light fraction

outlet of the light fraction may be set.

Due to the forced conveying of the material to be separated,
overpressure may occur in the cylinder in the event of an over-
load. The overpressure or Jjamming may be measured via the rota-
tion of the forced conveying device, its electric motor, or by
means of a pressure sensor, and an emergency stop may be initi-
ated.

In the following, preferred, non-limiting embodiments of the in-
vention are explained in more detail with reference to the draw-

ings.

Figure 1 schematically shows an apparatus according to an exem-
plary embodiment of the invention comprising a forced conveying

device.

Figure 2 schematically shows an apparatus according to another
exemplary embodiment of the invention comprising several forced

conveying devices.

Figure 3 schematically shows an apparatus according to an exem-
plary embodiment of the invention, comprising a forced conveying
device, the outlet area of which is located inside the housing

of the centrifugal separator.

Fig. 1 shows an apparatus according to an exemplary embodiment
of the invention. The apparatus comprises a CFS 1 with a cylin-
drical housing 4, in which a front side 2 and an opposite rear
side 3 are connected to one another via a substantially cylin-
drical housing sheath 4'. The CFS 1 further comprises an inlet
for the material to be separated 5 arranged substantially cen-
trally at the front side 2 and a light material outlet 6 ar-
ranged substantially centrally at the rear side. The substan-
tially cylindrical housing sheath 4' comprises an involute sepa-
rating medium inlet 7 adjacent the rear side 3 of the CFS and an

involute separating medium outlet 8 adjacent the front side 2 of
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the CFS 1. The apparatus shown further comprises a forced con-
veying device 9 connected to the inlet for the material to be
separated 5. In the embodiment shown, the longitudinal axis 10
of the CFS 1 is substantially aligned with the longitudinal axis
11 of the forced conveying device 9. The forced conveying device
9 is connected to a receiver tank 12, which has a stirring unit
13.

In connection with the embodiment shown in Fig. 1, for carrying
out a method according to an exemplary embodiment of the inven-
tion, a separating medium 14 is introduced into the separating
medium inlet 7, preferably by means of a pump with a controlla-
ble speed (not shown), so that a vortex flow with an air core is
generated along the longitudinal axis 10 of the CFS 1 and the
separating medium exits the CFS again through the separating me-
dium outlet 8. Material to be separated is forcibly conveyed
from the receiver tank 12 through the forced conveying device 9
into the inlet for the material to be separated 5 at the front
side 2 of the CFS 1, thus being introduced substantially in the
direction of the longitudinal axis 10 of the CFS 1. Low density
material floats up at the interface between the separating me-
dium and the air core and is conveyed along the longitudinal
axis 10 of the CFS 1 to the light material outlet 6 at the rear
side 3, where it exits as light material fraction 16. During op-
eration, the longitudinal axis 10 of the CFS 1 is preferably
aligned at an angle of 20° to 40° to the horizontal, so that the
transport of the low-density material from the inlet for the ma-
terial to be separated 5 to the light material outlet 6 is en-
sured by gravity. Material of higher density, on the other hand,
passes from the air core into the separating medium, is pushed
radially outward by centrifugal force, and leaves the CFS 1 to-
gether with the separating medium through the separating medium
outlet 8 as a heavy material fraction 15. The directions of
movement of the separating medium and of the material of lower
density are thus opposite in the embodiment shown. The separat-
ing medium flows in a vortex path from the rear side 3 of the
CFS 1 toward the front side 2, whereas low-density particles
move from the inlet for the material to be separated 5 at the
front side 2 to the light material outlet 6 at the rear side 3
of the CFS.
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Fig. 2 shows a further preferred embodiment of the apparatus ac-
cording to the invention. The CFS 1 essentially corresponds to
the CFS 1 of the embodiment shown in Fig. 1. However, the embod-
iment shown in Fig. 2 has three forced conveying devices 9, 9',
9'', which are connected to the inlet for the material to be
separated 5 of the CFS 1. The longitudinal axes 11, 11', 11'' of
the forced conveying devices 9, 9', 9'' are arranged at an angle
to each other and to the longitudinal axis 10 of the CFS. The
forced conveying devices 9, 9', 9'' may in turn be connected to
receiver tanks (not shown), preferably comprising stirring units

or discharge bottoms.

For example, the forced conveying devices 9, 9', 9'' may termi-
nate in a common forced conveying section in which further
forced conveying takes place, for example by means of a further
forced conveying device (e.g. with screw conveyor), so that the
separating medium is forced into the interior of the housing 4.
The common forced conveying section may be formed with a further
forced conveying device and may be designed according to the em-

bodiments of the forced conveying device 9 of Figures 1 or 3.

In connection with the embodiment shown in Fig. 2, the method
according to an exemplary embodiment of the invention may be
carried out essentially analogously to the method described
above with respect to Fig. 1. However, in the embodiment shown
in Fig. 2, the material to be separated is introduced into the
CFS 1 via three separate forced conveying devices 9, 9', 9''",
Advantageously, different material to be separated, for example
in terms of composition or size distribution, may be introduced
via the separate forced conveying devices 9, 9', 9''. The forced
conveying devices 9, 9', 9'' may be operated at different con-
veying speeds adapted to the respective material to be sepa-

rated.

Figure 3 shows a forced conveying device 9, the outlet area 19
of which is located inside the housing 4 of the centrifugal
force separator 1. The centrifugal force separator 1 is designed
similarly to the embodiment in Figure 1, whereby the forced con-

veying device 9 is arranged displaceably within the housing 4.
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In particular, the centrifugal force separator 1 has a cylindri-
cal housing 4 which has a front side 2 along its longitudinal
axis (center axis) 10 at which an inlet for the material to be
separated 5 is provided. The housing 4 is in particular inclined
with respect to a bottom plane 21 (for example, at an angle be-
tween the center axis of the cylindrical housing and the bottom
plane 21 of 20 degrees to 70 degrees) and the front face 2, at
which the inlet for the material to be separated 5 is provided,
is the upper front side. The forced conveying device 9 is cou-
pled to the front side 2 such that the material to be separated
is forcibly conveyable through the inlet for the material to be
separated 5. The material to be separated is thus guided through
the inlet for the material to be separated 5 at least until it
enters the housing 4 and is conveyed accordingly by forced con-

veying.

The forced conveying device 9 has an outlet area 19 from which
the material to be separated is forcibly conveyable into the
housing 4. For example, the forced conveying device 9 may have a
cylindrical outer housing in the interior of which a conveying
device, such as a screw conveyor, 1s arranged. The outlet area
19 is formed at a free end of the forced conveying device 9,
wherein the forced conveying device 9 is arranged such that the
outlet area 19 is present inside the housing 4, as shown in Fig.
3.

The outlet area 19 has an outlet opening 20 at a sheath surface
of the forced conveying device 9. Thus, the material to be sepa-
rated may be discharged into the housing 4 transversely to the
axial direction 11 or to the conveying direction. A discharge
transverse to the axial/longitudinal direction 11 may in partic-
ular have advantages during separation in that the material to
be separated is already introduced with the direction of intro-
duction to the inner sheath surface of the housing 4, thus ena-
bling faster removal of the heavy fraction by means of the edge

flow of the separating medium.
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The outlet area 19 of the outlet opening 20 is thus present in-
side the housing 4. The forced conveying device 9 is further ar-
ranged to be displaceable along the longitudinal axis 11 along a
(particularly translatory) direction of movement 18 relative to
the housing 4, such that a position of the outlet area 19 inside
the housing 4 is adjustable along the longitudinal axis 11 of
the cylindrical housing 4. Thus, the position of the outlet
opening 20 may be adjusted as desired inside the housing 4. An
outer pipe (pipe section (lining pipe)) of the forced conveying
device 9 may be provided and tightened, for example, by means of
a seal 17, such as a flat gasket, a flexible sealant or an O-
ring, whereby a tight connection may be achieved. Furthermore,
the seal 17 may be formed, for example, by means of a sleeve
with sealing lips or, if the inlet for the material to be sepa-
rated is designed as a pipe section (lining pipe), by means of

an annular space seal or press ring seal.

Supplementally, it should be noted that "comprising" does not
exclude other elements or steps, and "a" or "an" does not ex-
clude a plurality. It should further be noted that features or
steps that have been described with reference to any of the
above embodiments may also be used in combination with other
features or steps of other embodiments described above. Refer-

ence signs in the claims are not to be regarded as a limitation.

CA 03215527 2023-10-13



19

Claims

1. A method for separating material to be separated in a cen-
trifugal force separator (l), in particular by means of an appa-
ratus according to any one of claims 9 to 15, the method com-
prising:

introducing a separating medium (14) into the centrifugal
force separator (1) in such a way that a vortex with an air core
is generated inside the centrifugal force separator (1), and

introducing the material to be separated into the centrifu-
gal force separator (1) via at least one forced conveying device
(9) .

2. The method according to claim 1, wherein the material to be
separated is introduced via a screw conveyor or a spiral con-

veyor provided as the forced conveying device (9).

3. The method according to claim 1 or 2, wherein the introduc-
tion via the forced conveying device (9) is controlled via a

drive unit, preferably infinitely controlled.

4, The method according to any one of claims 1 to 3, wherein
the material to be separated is introduced into the forced con-
veying device (9) from a receiver tank (12) with a discharge

bottom or a stirring unit (13).

5. The method according to any one of claims 1 to 4, wherein
the material to be separated comprises plastics, preferably pol-

yolefins.

6. The method according to claim 5, wherein the proportion of
plastics in the material to be separated is at least 5 wt.%,
preferably at least 10 wt.%, even more preferably at least 25
wt.%, even more preferably at least 50 wt.%, in particular at
least 75 wt.%, the plastics preferably being selected from poly-
ethylene (PE), polypropylene (PP), polyvinyl chloride (PVC),
polyethylene terephthalate (PET), polystyrene (PS), or mixtures
thereof, and in particular the proportion of polyolefins, in

particular the proportion of PE and/or PP, in the material to be

CA 03215527 2023-10-13



20

separated being at least 1% by weight, preferably at least 5% by
weight, more preferably at least 10% by weight, in particular at
least 20% by weight.

7. The method according to any one of claims 1 to 6, wherein
the material to be separated is moistened before being intro-
duced into the centrifugal force separator, wherein the intro-
duced material to be separated preferably contains at least 0.1%
by weight of separating medium, preferably at least 0.5% by

weight, even more preferably at least 1% by weight, in particu-

lar at least 5% by weight, and preferably less than 80% by
weight of separating medium, preferably less than 50% by weight,
even more preferably less than 25% by weight, in particular less
than 15% by weight.

8. The method according to any one of claims 1 to 7, wherein
the material to be separated consists of a mixture of solid par-
ticles and liquids,

in particular oil and solids, for example

metal chips.
9. The method according to any one of claims 1 to 8, wherein the
separating medium comprises at least water, preferably consists

of water.

10.

the separating medium comprises

The method according to any one of claims 1 to 9, wherein

at least oil, preferably con-

sists of oil.

11.

the separating medium comprises

The method according to any

and/or isopropanol.

12. The method according to any

wherein the separating medium comprises fat solvents,

surfactants,

surfactants.

13.
of claims 1 to 12,

CA 03215527 2023-10-13

in particular cationic,

one of claims 1 to 10, wherein

at least methanol, ethanol

one of claims 1 to 11,
such as

anionic and/or amphoteric

An apparatus for carrying out a method according to any one

the apparatus comprising:
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a centrifugal force separator (1) having an inlet for the
material to be separated (5) for introducing material to be sep-
arated and a separating medium inlet (7) for introducing a sepa-
rating medium (14), and

at least one forced conveying device (9) connected to the

inlet for the material to be separated (5).

14. The apparatus according to claim 13, wherein the forced con-

veying device (9) is a screw conveyor or a spiral conveyor.

15. The apparatus according to claim 13 or 14, wherein the
forced conveying device (9) comprises a drive unit which is

preferably infinitely controllable.

16. The apparatus according to any one of claims 13 to 15,
wherein the forced conveying device (9) is connected to a re-
ceiver tank (12) comprising a discharge bottom or a stirring
unit (13).

17. The apparatus according to any one of claims 13 to 16,
wherein the centrifugal force separator (1) has a housing (4)
with a front side (2) at which an inlet for the material to be
separated (5) is provided,

wherein the forced conveying device (9) is coupled to the front
side (4) in such a way that the material to be separated is for-
cibly conveyable through the inlet for the material to be sepa-
rated (5).

18. The apparatus according to claim 17,
wherein the forced conveying device (9) has an outlet area (19)
from which the material to be separated is forcibly conveyable

into the housing (4).

19. The apparatus according to claim 18,

wherein the outlet area (19) is formed at a free end of the
forced conveying device (9),

wherein the forced conveying device (9) is arranged such that
the outlet area (19) is present at the inlet for the material to

be separated (5) or in the housing (4).
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20. The apparatus according to claim 19,
wherein the outlet area (19) has an outlet opening (20) at a

front side at the free end of the forced conveying device (9).

21. The apparatus according to claim 19 or 20,
wherein the outlet area (19) has an outlet opening (20) at a

sheath surface of the forced conveying device (9).

22. The apparatus according to any one of claims 19 to 21,

wherein the outlet area (19) is inside the housing (4).

23. The apparatus according to any one of claims 19 to 22,
wherein the forced conveying device (9) is displaceably arranged
relative to the housing (4) such that a position of the outlet
area (19) inside the housing (4) is adjustable along the longi-

tudinal axis (11).

24. The apparatus according to claim 23,

wherein the forced conveying device (9) has a longitudinal axis
(11) passing through the inlet for the material to be separated
(3),

wherein the forced conveying device (9) is displaceable along

the longitudinal axis (11) relative to the housing (4).

25. The apparatus according to any one of claims 13 to 24,
wherein the apparatus comprises at least one further forced con-
veying device (9') connected to the inlet for the material to be

separated (5).

26. The apparatus according to claim 25, wherein the forced con-
veying devices (9,9') each have a longitudinal axis (11,11'"}),
the longitudinal axes (11,11') being arranged at an angle to

each other.

27. The apparatus according to claim 26, wherein the angle be-
tween the longitudinal axes (11,11') of the forced conveying de-
vices (9,9') is between 10° and 120°, preferably between 20° and
100°, even more preferably between 30° and 80°, most preferably
between 40° and 60°.
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Fig. 1
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Fig. 2
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Fig. 3



|



	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - CLAIMS
	Page 22 - CLAIMS
	Page 23 - CLAIMS
	Page 24 - CLAIMS
	Page 25 - DRAWINGS
	Page 26 - DRAWINGS
	Page 27 - DRAWINGS
	Page 28 - REPRESENTATIVE_DRAWING

