
Self -cleaning mixing head for producing a milk-based
mixture and beverage production machines comprising
such a mixing head The present invention generally
relates to the field of producing a milk/water
mixture. Such mixture can be prepared for producing a
cappuccino -type coffee beverage by adding the mixture
on top of a coffee beverage. A device for producing
such a mixture can be a stand-alone solution or
integrated into a coffee or other beverage producing
machine. As it is known form the prior art, in order
to produce such a mixture, water is supplied to a
heater unit heating the water and producing water
steam. The thus generated water steam is fed to a
mixing head in which, e.g. by applying a Venturi
effect, milk supplied from a milk supply and air from
an air inlet is sucked into the water steam flow which
results in a heated water/milk mixture which can then
be drained from an outlet nozzle of the mixing head to
a cup. A well known problem is that after having
produced the desired amount of the mixture, the milk
inlet of the mixing head, the interior of the mixing
head itself as well as the outlet nozzle have been in
contact with milk and thus have to be cleaned e.g. by
rinsing said milk flow path from the milk inlet to the
mixing area and the outlet nozzle. In known devices
this is a labour intensive and time consuming work
asking for a manual rinsing of the described milk flow
path. The rinsing and/or cleaning can actually
takesubstantially more time and effort than the step
of producing the mixture. The cleaning is particularly
difficult when the milk has dried on the surfaces of
the mixing head. On the other hand, if the cleaning is
not carried out properly and frequently enough, there
can be hygienic problems in any subsequent use of the
device. The present invention therefore targets at a
user- friendly cleaning or rinsing of such a mixing
head. The invention thereby proposes mechanical means
facilitating the cleaning procedure in order to
facilitate the cleaning step and ensure that cleaning
is carried out properly. This object is achieved by
means of the features of the independent claims. The
dependent claims develop further the central idea of
the present invention. According to a first aspect of
the present invention a device for producing a milk
froth and/or hot milk has a mixing head presenting: -
a water steam feed, - a milk inlet, the water steam
feed and the milk inlet joining in a mixing area of
the mixing head, the mixing area being adapted to mix
the supplied water steam and milk, - an outlet nozzle
for draining the mixture from the mixing head, - a
rinsing medium supply, and - a milk supply. Further
on, a mechanism is provided for selectively bringing
the milk inlet in a fluid connection with the rinsing
medium supply and the milk supply, such that
selectively milk or a rinsing medium such as e.g.
water can enter the mixing head at the milk inlet .The
mixing head can be designed such that, when the milk
inlet is in fluid connection with the rinsing medium
supply, any fluid leaving the outlet nozzle is
transferred into a milk supply receptacle. According
to another aspect of the present invention a device
for producing a mixture of milk and water steam has
means for selectively bringing the outlet nozzle in a
position in which any fluid leaving the outlet nozzle
is transferred into a collecting receptacle, which can
be e.g. the milk supply receptacle or a separate waste
tank. The milk inlet of the mixing head can be adapted
to be selectively in a sealing engagement with a milk
supply receptacle for containing the milk supply.
Transfer means can be provided for a relative movement
of the mixing head and a rinsing medium supply
receptacle. Transfer means can be provided for a
relative movement of the mixing head and a milk supply
receptacle. According to a still further aspect of the
present invention a device for producing a mixture of
milk and water steam has a mechanism for selectively
moving the outlet nozzle inside and outside a front
wall of the casing. The mixing head can be
displaceable along a guiding curve. The advantage
thereof lies in the simplification of the device by
using only one motor to drive the mixing head in 



motion along a combination of vertical and horizontal
directions . The rinsing medium supply receptacle can
be selectively put in fluid connection with the water
source, in particular, with the main water delivery
line downstream of the waterpump. A valve is provided
to control the filling of the rinsing medium
receptacle with water as the rinsing medium. A still
further aspect of the present invention relates to a
beverage production machine comprising such a device
for producing a mixture of milk and water steam. The
invention also proposes a method for cleaning and/or
rinsing a mixing head of a device for producing a milk
froth and/or hot milk using water steam, the method
comprising the following steps : - bringing a milk
inlet of the mixing head in fluid contact with a
rinsing medium supply, and - having the rinsing medium
enter the milk inlet and pass through the mixing head
and to leave the mixing head at the outlet nozzle. The
method also comprises entering the rinsing medium in
the milk inlet by effect of the liquid suction created
as a result of passing water steam in the mixing head.
In other words, one takes advantage of the suction
effect created normally to draw the milk in the device
in order to rinse the device by the rinsing medium
that replaces the milk in the rinsing process. More
particularly, the effect of liquid suction is obtained
by a Venturi means placed in the mixing head. Further
advantages, objects and features of the present
invention will become evident for the man skilled in
the art when reading the following detailed
explanation of an embodiment of the present invention
taken in conjunction with the figures of the enclosed
drawings. Figure 1 shows a first perspective view of a
device according to the present invention,Figure 2 is
a schematic block diagram showing the media streams in
a device according to the present invention, Figure 3
shows a front view without the housing of the device,
Figure 4 shows a perspective view without the housing,
Figure 5 shows a side view without the housing, Figure
6 shows the device in an intermediate position in
which the milk receptacle can be inserted into or
removed from the device, Figure 7 shows the device in
an operating position in which a produced mixture can
be drained from the mixing head, Figure 8 shows the
device in a retracted rinsing position, and Figure 9
shows schematically a control unit according to the
present invention. Now, a detailed embodiment of the
present invention will be explained. Fig. 1 shows the
outer appearance of a milk/water mixture production
device 1 . Such a device 1 can be a stand-alone
solution as shown in Fig. 1 , but can also be
integrated in a coffee machine or other beverage
production devices. The device 1 comprises a casing 16
having a front wall 17 directed towards a user. On the
front wall 17 of the casing16 a mixing head 2 is
provided, which can be moved at least in a plane
perpendicular to the front wall 17 of the casing 16.
Alternatively or additionally also a displacement of
the mixing head in a plane parallel to the front wall
of the casing can be envisaged. Particularly the
mixing head 2 can at least assume a first operation
position as shown in figure 1 in which the mixing head
protrudes from the front wall 17 of the housing 16. As
will be explained later on, in another position the
mixing head can be retracted such the front plate 26
of the mixing head 2 becomes essentially flush with
the front wall 17 of the housing 16. Preferably the
mixing head 2 can not only assume different
horizontally displaced positions, but also vertically
displaced positions. From an outlet nozzle 5 of the
mixing head 2 the produced water/milk mixture can be
drained in order to supply it to a receptacle such as
e.g. a coffee cup 23 provided on a height-adjustable
support 22. In case in the cup 23 a coffee beverage is
already present before the water/milk mixture
eventually having a foamy texture is introduced, a 



cappuccino- style beverage can be produced. The mixing
head 2 presents a control button 41 upon activation of
which different operating modes of the device 1 can be
triggered by a user. The device 1 is programmed to
assume the subsequent one a cyclic sequence of
operating modes upon activation of the control button
41. The different operating modes will be explained
later on with reference to figures 6 , 7 , and 8 . The
control button or any alternative or additional user
interface can also be provided at other parts of the
device 1 .Fig. 2 shows a schematic flow chart of the
media streams in such a device 1 . As it is known from
prior art devices, water from a water supply 15 (water
tank and/or water conduit) is pumped to a heating
block 19 by a pump 18. The heating block 19 produces
water steam on demand, which water steam is then fed
to the mixing head 2 via a water steam inlet 9 . A s
shown in Fig. 2 the mixing head 2 comprises a mixing
area 4 in which the supplied water steam from the
water steam inlet 9 is mixed with a second medium,
such as for example milk from a milk inlet 3 . The
mixing head 4 comprises a Venturi effect zone 55 with
reduced crosssection configured to create a local
acceleration of the water steam therethrough. As water
steam is accelerated in the zone with reduced
cross-section, this creates a lowered static pressure
at the intersection between the water steam and milk
inlets. A s a result of this lowered static pressure,
milk is sucked into the mixing head 2 . In order to
produce the froth, air must also be drawn into the
mixing area, as a result of the Venturi effect. To
this regard an air inlet 50 is provided, for instance,
at the intersection with the milk inlet (as shown) or
alternatively, directly at the intersection with the
mixing area. The control switch 39 manipulates a valve
56 for regulating the amount of air which can be
sucked in through the air inlet 50 . Having a
pressurized water steam flow through the mixing area 4
, milk from the milk inlet 3 is sucked in and a foamy
water steam/milk mixture can thus be produced due to
the turbulence in the mixing area 4 . Such water/milk
mixture can then be drained from the outlet nozzle 5
of the mixing head 2 .The control switch 39 can be
provided to regulate the ratio milk: air in the mixing
head by acting on the air inlet valve 56. In one
possible position of the switch 39 and the valve 56,
air delivery can even be totally suppressed for
delivering hot milk only. In other incremental
positions, the ratio milk: air can be varied to vary
the volume of froth. As it is also known from the
prior art, the milk inlet 3 of the mixing head 2 can
be in fluid connection with milk 7 contained in a milk
receptacle 13, which milk receptacle can be provided
in the interior or at the exterior of the casing 16 of
the device 1 . Only as a matter of illustration in the
following an example will be explained in which the
milk receptacle 13 for the milk supply 7 is housed
inside the housing 16 of the device 1 . In order to
assist to the Venturi effect and to ensure a proper
connection with the milk source, the milk inlet 3 is
connected to the milk receptacle 13 by means of a
sealing connector 21. The sealing connector 21
presents a resilient (e.g. rubber-elastic) upper
contact surface having an opening into which the lower
end of the milk inlet 3 penetrates in order to produce
a sealed connection. The sealing connector 21 is in
tight fluid connection with a pipe 40 which extends
almost to the bottom of the milk receptacle 13 to
ensure that essentially all of the milk supply 7 can
be sucked in. According to the present invention it is
proposed that the milk inlet 3 of the mixing head 2
can not only be brought in fluid connection with the
milk supply 7 in the milk receptacle 13, but also with
a second (rinsing) medium such as, for example, water
6 contained in a second receptacle 12, which is
physically separated from the milk receptacle 13 .
Generally in the second receptacle 12 a rinsing
mediumsuch as for example water 6 or an other cleaning
and/or rinsing food-compatible media can be supplied.
To provide for the selective fluid connection of the
milk inlet 3 to the first receptacle 13 and the second
receptacle 12, respectively, a manual or automatic
transfer mechanism 8 , 11 is provided for a relative
movement between the milk inlet 3 and the two
receptacles 12, 13. Again, although in the following
description it will be explained how the milk inlet 3
and actually the entire 



mixing head 2 is transferred to several different
positions, it is obvious that alternatively or
additionally the position of at least one of the
receptacles 12, 13 can be changed by a manual or
automatic transfer mechanism for providing the
selected fluid connection of the milk inlet 3 . Water
as a rinsing medium can e.g. be fed from a valve 24 at
the downstream side of the pump 18 to the receptacle
12 through a rinsing fluid filling conduit 51. After
having produced water steam, a certain over-pressure
will still be present at the downstream- side of the
heating block 19. Such excess water steam can be
released to the rinsing medium receptacle 12 by means
of a purging valve 53 and a purging conduit 54 . Fig.
3 shows a front view of a device 1 according to the
present invention, wherein in this view as well as the
following views according to Fig. 4 to 8 the housing
16 is omitted for a better illustration ,of the
relevant parts in the interior of said housing 16 . As
can be seen from Fig. 3 , the support 22 for the
coffee cup 23 is height-adjustable for example by
means of a manually operated or motor-driven spindle
25.Particularly, it can be foreseen that an optical or
mechanical sensor detects the upper rim 38 of the cup
23 to ensure a constant level of such rim 38 of the
cup 23 vis-avis the outlet nozzle 5 of the mixing head
2 independently from the size of the cup 23. In other
words, controlled by the sensor the spindle 25 can be
operated manually or automatically such that the
height of the support 22 for the cup 23 is adjusted
such that in turn the upper rim 38 has the desired
horizontal distance to the lower edge of the outlet
nozzle 5 of the mixing head 2 . In the illustrated
example, a mechanical position sensor 52 in the form
of an hinged horizontal plate is positioned to engage
the upper rim 39 of the cup 23. When the rim 39
contacts the plate, a signal is sent to the control
unit (see Fig. 9 ) . Depending on the location of the
sensor, the control device may further control a
predetermined downward motion of the cup support along
the spindle to properly position the cup in its final
delivery position at the proper distance from the
outlet nozzle 5 . A s can also be seen from Fig. 3 ,
the milk inlet 3 is horizontally offset vis-a-vis the
outlet nozzle 5 . A s can be seen from Fig . 4 , the
mixing head 2 having a front cover plate 26 is
actually supported by a supporting structure 34. The
supporting structure 34 connects the mixing head 2 to
a transfer mechanism which is generally referenced
with the numeral 8 in Fig. 4 . The transfer mechanism
8 can comprise an electric motor 27, a belt drive 28
and guiding curves 14, 14' . Via the guiding curves
14, 14' and operated by the motor 27 and the belt
drive 28 the support structure 34 and thus the mixing
head 2 can carry out a transfer movement which
essentially follows the trajectory of the guiding
curves 14, 14' .By having two essentially parallel
guiding curves 14, 14' it can be assured that the
mixing head 2 carries out the corresponding
translational movements without having its position
rotated. Correspondingly, the vertical front plate 26
of the mixing head 2 will always maintain its vertical
position independently from the vertical or horizontal
position of the mixing head 2 . Other designs are
possible according to which the mixing head
alternatively or additionally carries out a rotational
displacement . Note that the present invention also
encompasses manually driven transfer mechanisms as
long as they can assure a relative movement between at
least the milk inlet 3 of the mixing head 2 and two
physically separated receptacles. It is to be
mentioned that for example by means of such an
electric motor alternatively or additionally at least
one of the two receptacles 12, 13 could be displaced
selectively. Due to the design of the guiding curves
14, 14' as shown in Fig. 4 the mixing head 2 will
carry out a combined movement having both horizontal
and vertical components. In other words, guided by the
guiding curves 14, 14' the mixing head will both
change its horizontal position as well as its vertical
position. For example as shown in Fig. 1 the mixing
head 2 can be moved into a protruding position in
which the mixing head and especially the front cover
26 of the mixing head 2 protrudes from the front wall
17 of the casing 16 of the device 1 . Note that
different kinematics for the mixing head 2 can be 



provided having even more complex movements or having
simplified movements, i.e. only vertical or horizontal
components and any combination thereof.Fig. 5 shows
more details of the transfer mechanism 8 . The
electric motor 27 moves a first pulley 32 in order to
move a belt 28, which in turn moves a second pulley
33. In Fig. 5 also the position sensor 57 for
detecting the lower position of the spindle drive and
the support 22 as well as the mechanical detector 52
for the upper rim 38 of the cup 23 can be seen.
Finally, in order to detect the current state of the
mixing head, at the guiding curve 14 the following
contact switches respectively operated by a cam 36 are
provided: - a contact switch 58 for detecting the
position of the mixing head 2 corresponding to the
operating mode shown in Fig. 5 , - a contact switch 59
for detecting the position of the mixing head 2
corresponding to the stand-by mode shown in Fig. 6 ,
and - a contact switch 60 for detecting the position
of the mixing head 2 corresponding to the stand-by
mode shown in Fig. 9 . A s can be seen from Fig. 6
showing the opposite side of the device in a state
corresponding to Fig. 5 , the secondary side pulley 33
is connected to a lever actuator 35 by means of a
rotating belt 33' . The actuator level 35 is connected
to the support structure 34 of the mixing head 2 by
means of a cam 36 which can be moved forth and back
(operated by the belt drive 8 and the electric motor
27) inside the guiding curve 14 . A second cam 37 is
provided to follow passively the movements of the
first cam 36 in the second guided curve 14' . The
second cam assures the constant orientation of the
mixing head 2 during the course of the translational
displacements .From Fig. 6 it can be seen that inside
the housing 16 a combined receptacle 29 is provided
having the already mentioned milk supply 7 in a milk
supply receptacle 13 as well as a rinsing medium
supply 6 and a second receptacle 12 . The combined
receptacle 29 can be inserted and removed,
respectively, from the casing 16. To verify the
presence of such combined receptacle 29 inside the
housing 16 a contact switch 30 is provided. Fig. 6
shows the device in an intermediate state in which the
mixing head 2 is in a lifted position in the middle of
the guiding curves 14 , 14 ' such that the combined
receptacle 29 can be removed or inserted from/ into
the housing 16 with ease. The receptacle can then be
removed by the user for emptying the receptacle from
the rinsing medium and for proper cleaning of the
receptacle e.g. in a dishwashing machine. In order to
assume such position a non- shown control device
controls the electric motor 27 such that the mixing
head 2 and the support structure 34 assume the
position as shown in Fig. 6 . Furthermore, in each
position taken by the head, switches are provided to
sense the position of the transfer mechanism 8 , for
instance, of the cam with respect to the static part
of the mechanism, so that the motor 27 is stopped by
the control device when the proper position has been
sensed by the proper switch and a corresponding signal
has been sent to the control device. In such a
position of the mixing head 2 a user can insert a
combined receptacle 29 containing both milk 7 in
thereceptacle 13 as well as a rinsing medium such as
water 6 in the second receptacle 12 . After having
inserted the combined receptacle 29 inside the housing
16 of the device 1 the user can then position a coffee
cup 23 on the support 22 . Automatically or triggered
by a user input the control of the device 1 can then
transfer the support 34 and the mixing head 2 on the
position shown in Fig. 6 (intermediate position) into
the operation position as shown in Fig. 7 . In the
position as shown in Fig. 7 the mixing head 2 is
lowered again and has assumed a first end position
vis-a vis the guiding curves 14, 14' . Such position
can be described as the maximum protruding and lowered
position. This position according to Fig. 7
corresponds to the view as shown in Fig. 1 . Again, in
a fully automatic scheme of control, each position;
i.e., the protruding position and the lowered
position, will be sensed by a corresponding switch
(not shown) and a corresponding signal sent to the
control device for stopping the motor 27. 



In such a position as depicted in Fig. 7 the milk
inlet 3 will be in a sealed connection (connected 21)
with the milk supply 7 provided in the milk receptacle
13 . In such a state water steam can b e fed to the
mixing area 4 of the mixing head 2 (please see Fig. 1
) and milk from the milk receptacle 13 will be sucked
in due to the Venturi effect, such that finally a
water/milk mixture eventually with a foamy texture
will be drained from the outlet nozzle 5 of the mixing
head 2 . In such an operation of the mixing head 2 the
milk head from the connecting end of the milk inlet 3
to the mixing area and the outlet nozzle 5 of the
mixing head 2 will be contaminated with milk, which
will eventually dry after the use and which will
constitute an undesired growth medium for any micro
organisms.Therefore, according to the present
invention, the mixing head will, upon completion of
the mixture production, automatically or manually be
transferred from the position as shown in Fig. 7 to
the position as shown in Fig. 8 . In the position as
shown in Fig. 8 the support structure 34 of the mixing
head 2 is in the rearward end position of the guiding
curves 14, 14'. In such a position the front plate 26
flushes with the front wall 17 of the housing 16,
which is schematically depicted in Fig. 8 . In such a
position the milk inlet 3 of the mixing head 2 is in
fluid connection with the rinsing medium 6 contained
in the second receptacle 12 . A s soon as such a
position is detected by contact switches (not shown in
Fig. 8), the control of the device 1 will again pump
water through the heating block 19 and into the mixing
area 4 of the mixing head 2 . However, as the milk
inlet 3 is now in fluid connection with a rinsing
medium 6 contained in the second receptacle 12, not
milk but a rinsing medium will be sucked into the milk
inlet 3 and thus into the mixing area 4 . The rinsing
medium now flowing through the milk flow path will
rinse and clean said milk flow path such that a
contaminated rinsing medium/water mix will be drained
from the outlet nozzle 5 of the mixing head 2 . In
case the rinsing medium in the second receptacle 12 is
water, this water can be supplied selectively from the
downstream side of the pump 18 by means of a
selectively operable valve 24 such as a solenoid
valve. Preferably, a rinsing fluid line 51 is provided
in fluid communication with the main water line after
the pump and before heating block so that non-heated
water can be delivered in the rinsing fluid receptacle
12 . The valve 24 is thus installed between the main
water line and rinsing fluid line 51 in order to
selectively deliver water either to the heatingblock
or to fill in the rinsing fluid receptacle 12 . In
other words, in such a scenario a portion of the water
supplied by the pump 18 can be supplied to the second
receptacle 12 to serve as a rinsing medium. The
contaminated rinsing medium leaving the outlet nozzle
5 of the mixing head 2 will accumulate in the combined
receptacle 29. After having finished a controlled
rinsing step in the position according to Fig. 8 , the
mixing head 2 can again be transferred into the
intermediate position as shown in Fig. 6 in which the
user can remove the combined receptacle 29 to dispose
of the contaminated rinsing medium, to further clean
the receptacle and then refill milk into the milk
receptacle 13 and eventually even to refill a rinsing
medium 6 into the second receptacle 12 . Figure 9
shows a control unit which can be implemented e.g. as
an ASIC or a microprocessor. The control unit 41 can
carry out a pre-programmed processing triggered by a
user's input command e.g. via the already mentioned
button 42. E.g. upon manipulation of such control
button 42 the control unit 41 can control cyclically
the respectively subsequent one of the following
states: - stand-by state according to figure 6 -
operation state according to figure 7 , and - rinsing
state according to figure 8 . To this effect the
control unit 41 is supplied with input signals
reflecting the current state of the device, such as
e.g. - the presence of the receptacle 29 (detected by
the contact switch 30 ) , - the current position of
the mixing head 2 ( via the contact switches 58, 59,
60 at the guiding curves 14, 14' activated by the
cams) , - the position of the cup support (by means
e.g. of the contact switch 57) ,- the level of the
upper rim 38 of the cup 23 (detected e.g. by an
optical sensor) , and 



- the water steam temperature and/or pressure.
Depending on the user's input and the current value of
the above input signals, the control unit can
calculate and generate e.g. the following output
signals - activation of an actuator for the spindle
25, - control of the actuator (electric motor) 27 for
the belt drive 28, - control of the heating block 19,
- control of the pump 18, - control of the valves 24
and 53 .List of reference numerals :Apparatus for the
gas-phase polymerization of olefins, in particular
ethylene The invention relates to an apparatus for the
polymerization of olefins, in particular ethylene,
comprising a gas-phase fluidized-bed reactor, a
recycle gas line connected to the reactor for
discharging and recirculating the recycle gas stream
comprising the unpolymerized olefin and a cyclone
located in the recycle gas line for the reduction and
precipitation of the solid particles entrained in the
recycle gas from the reactor, with the cyclone
comprising an upper section which has an essentially
vertical central axis, whose wall extends along a
rotationally symmetric body and which is provided with
a cyclone inlet arranged eccentrically relative to the
central axis, a middle section which adjoins the upper
section and whose wall extends along a rotationally
symmetric body which tapers in a downward direction, a
lower section for discharging the solid particles
precipitated from the recycle gas which adjoins the
middle section and whose wall extends along a
rotationally symmetric body and a tube extending
essentially axially symmetrically down into the upper
section and, if appropriate, the middle section for
discharging the particle-reduced recycle gas.
Gas-phase polymerization processes are economical
processes for the polymerization of ethylene and
propene or for the copolymerization of ethylene or
propene with C2-C8-a-olefins. Such gasphase
polymerization processes can be configured either as
gas-phase fluidized-bed processes or as stirred
gas-phase processes. Processes of this type are
described, for example, in EP-A-O 475 603, EP-A-O 089
691 , EP-A-O 571 826 and WO 99/29736. A characteristic
of gas-phase fluidized-bed processes is that the bed
comprising polymerizing polymer particles is kept in a
fluidized state by introduction of a gas mixture from
below. In addition, this gas mixture removes the heat
of polymerization liberated from the reactor. The
reaction gas is cooled in a heat exchanger located
outside the reactor and is recirculated via a gas
distributor plate back into the reactor (recycle gas).
However, a certain amount of finely divided polymer is
carried from the reactor by the circulating recycle
gas and is brought into the recycle gas system. These
polymer particles contain active catalyst and can thus
continue to polymerize in the recycle gas system. If
these particles deposit in the recycle gas system,
deposits and cake material can be formed at these
points. These deposits themselves can firstly give
rise to malfunctions (blockage of the cooler,
conglutinations on the compressor), and secondly parts
of these deposits can become detached again. This is
undesirable for two reasons. The holes of the gas
distributor plate of the reactor can quickly become
blocked by the detached deposits and require a
shutdown and costly cleaning. If such pieces of
deposits get through the gas distributor plate into
the reactor, the product quality is impaired by these
particles which form specks. Particularly in the case
of products for film applications, this can result in
out-of-specification material being obtained. The use
of cyclones in olefin polymerization plants and their
design is known in principle.However, it has hitherto
been necessary either to connect a plurality of
cyclones in series in order to ensure satisfactory
removal of the fine particles or to accept
introduction of fine dust into the recycle gas line
and thus greater downtimes. On this subject, reference
may be made, for example, to Kunii et al.,
Fluidization Engineering, Butterworth-Heinemann, 1991,
pages 391-392, and Matthias Stieb, Mechanische
Verfahrenstechnik 2 , Springer Verlag 1994, pages 8 to
17. It was therefore an object of the invention to
provide an apparatus of the type mentioned at the
outset by means of which satisfactory removal of the
fine dust from the recycle gas is ensured, even at
high recycle gas velocities and a high fine dust
content without the use of a cascade of cyclones, and
at the same time the agglomeration of fine dust in the
cyclone is avoided. This object is achieved according
to the invention by the ratio H1of the distance h,
from the lower end of the tube extending downward into
the cyclone to the intersection of an imaginary
extension of the wall of the downward-extending tube
with the wall of the middle section to the diameter d,
of the downward-extending tube being from 3 to 8. The
distance h , can also be considered to be the
effective separating height of the cyclone. The
cyclone according to the invention accordingly
comprises an upper section which has an essentially
vertical central axis, whose wall extends along a
rotationally symmetric body and which is provided with
a cyclone inlet arranged eccentrically relative to the
central axis, a middle section which adjoins the upper
section and whose wall extends along a rotationally
symmetric body which tapers in a downward direction, a
lower section for discharging the solid particles
precipitated from the recycle gas which adjoins the
middle section and whose wall extends along a
rotationally symmetric body and a tube extending
essentially axially symmetrically down into the upper
section and, if appropriate, the middle section for
discharging the particle-reduced recycle gas, wherein
the ratio H1of the distance h, from the lower end of
the tube extending downward into the cyclone to the
intersection of an imaginary extension of the wall of
the downward-extending tube with the wall of the
middle section to the diameter d , of the
downward-extending tube is from 3 to 8 , in particular
from 4 to 7 . In this way, good separation of the fine
particles from the recycle gas is achieved and at the
same time agglomeration of the hot fine polymer
particles is prevented.Preference is given to using a
ratio H, of from 4 to 7 , particularly preferably from
4.5 to 6.5, in particular from 5 to 6 . In an
advantageous embodiment of the present invention, the
ratio of the height h| to the maximum diameter d| of
the lower section is from 4 to 12, preferably from 5
to 11, particularly preferably from 6 to 10. To
achieve a further improvement in the precipitating
action, the roughness of the interior walls of the
upper section and of the middle section is preferably
from 0.1 to 0.4 mm. 



In an advantageous embodiment of the present
invention, the upper section of the cyclone is
essentially cylindrical. It is also advantageous for
the lower section of the cyclone to be essentially
cylindrical or have the shape of a truncated cone with
a smaller inclination to the central axis than the
middle section. The tube extending downward into the
cyclone is preferably cylindrical. The inlet into the
upper section of the cyclone can be configured as a
slot inlet, a spiral inlet or an axial inlet.
Preference is given to slot and spiral inlets through
which the gas flows in tangentially. Further possible
configurations and principles for the design of the
cyclone may be found, for example, in Matthias Stieb,
Mechanische Verfahrenstechnik 2, Springer Verlag 1994,
pages 8 to 17. The cyclone is, according to the
invention, part of an apparatus for the polymerization
of olefins in a gas-phase fluidized-bed reactor. In
general, all types and operating modes of
fluidized-bed reactors can be operated in conjunction
with the cyclone configured according to the
invention, as are described in detail in, for example,
EP-A-O 475 603, EP-A-O 089 691, EP-A-O 571 826 and WO
99/29736. The gas-phase fluidized-bed reactor is
generally a more or less long tube through which
circulated reactor gas flows. In general, the
circulated reactor gas is fed in at the lower end of
the gas-phase fluidized-bed reactor and is taken off
again at its upper end. When the reactor is employed
for the polymerization of a-olefins, the circulated
reactor gas is preferably a mixture of the respective
a-olefin or the a-olefins and inert gases such as
nitrogen and/or saturated hydrocarbons such as ethane,
propane, butane, pentane or hexane, if desired
together with a molecular weight regulator such as
hydrogen. As mentioned at the outset, the velocity of
the circulated reactor gas has to be sufficiently high
to fluidize the mixed loose bed of finely divided
polymer present in the tube and serving as
polymerization zone and also to remove the heat of
polymerization effectively. To set constant reaction
conditions, the constituents of the reactor gas can be
fed into the gasphase fluidized-bed reactor either
directly or via the circulated reactor gas. In the
process of the invention, it is advantageous to
introduce the catalyst directly into the fluidized
bed. In this case, it is found to be particularly
advantageous to meter the catalyst a little at a time
directly into the bed of loose material with the aid
of nitrogen, argon or propane.Gas-phase fluidized-bed
reactors generally have a calming zone in the upper
part of the reactor chamber. As a result of an
enlargement of the reactor diameter in the upper part
of the reactor chamber, the flow velocity of the
fluidizing gas is reduced, as a result of which the
polymer particles are no longer carried further
upward. This calming zone therefore has the effect of
reducing discharge of polymer particles from the
reactor chamber. The calming zone is associated with a
considerable capital cost. The apparatus of the
present invention has made it possible to dispense
with the calming zone because entrained polymer
particles can be efficiently separated off in the
cyclone. An advantageous embodiment of the process of
the invention therefore provides for the reactor not
to have a calming zone. The present invention further
provides a continuous gas-phase polymerization process
for the preparation of olefin homopolymers and
copolymers, in which the olefin or olefins is/are
polymerized in the gas phase in a bed of finely
divided polymer in the presence of a catalyst at
pressures of from 0.1 to 15 MPa and temperatures of
from 30 to 1500C in the polymerization zone of a
polymerization reactor, with the reactor gas being
circulated to remove the heat of polymerization and
the circulated reactor gas leaving the reactor firstly
being conveyed through a cyclone which comprises: an
upper section which has an essentially vertical
central axis, whose wall extends along a rotationally
symmetric body and which is provided with a cyclone
inlet arranged eccentrically relative to the central
axis, a middle section which adjoins the upper section
and whose wall extends along a rotationally symmetric
body which tapers in a downward direction, a lower
section for discharging the solid particles
precipitated from the recycle gas which adjoins the
middle section and whose wall extends along a
rotationally symmetric body and a tube extending
essentially axially symmetrically down into the upper
section and, if appropriate, the middle section for
discharging the recycle gas which has been freed of
the particles, wherein the ratio H, of the distance h,
from the lower end of the tube extending downward into
the cyclone to the intersection of an imaginary
extension of the wall of the downward-extending tube
with the wall of the middle section to the diameter d
, of the downward-extending tube is from 3 to 8, in
particular from 4 to 7. The olefins are preferably
ethylene, propene or butene, optionally in the
presence of further C2-C8-monomers. Particular
preference is given to the polymerization of ethylene,
if appropriate together with butene or hexene as
comonomers.Possible catalysts are all known catalysts
as are customarily used for the (co)polymerization of
ethylene and propene or butene, i.e., for example,
Ziegler-Natta catalysts, chromium catalysts or
single-site catalysts, in particular metallocene
catalysts. These catalysts including necessary or
advantageous cocatalysts and activators are known to
those skilled in the art. It is also possible to use
these catalysts together with metal alkyls, in
particular aluminum alkyls, which serve as cocatalysts
and/or as scavengers for impurities. In general, these
catalysts are used in supported form, for example on
support materials such as inorganic oxides (e.g. MgO
or silica gel) or organic polymers (e.g. polyethylene
particles). However, the catalysts can also be fed
into the reactor in unsupported form. In a further
preferred variant of the present invention, a catalyst
poison is metered into the recycle gas line between
the gas-phase fluidized-bed reactor and the cyclone.
The catalyst poison, which is present in the liquid
phase, thus has the opportunity of wetting the highly
catalytically active fine dust particles. The wetted
fine dust particles are then removed from the recycle
gas in the cyclone. This process step makes it
possible to remove not only the fine dust but also the
catalyst poison from the recycle gas or at least to
reduce its concentration in the recycle gas
significantly. This has the result that less catalyst
poison gets into the reactor where it can have an
adverse effect on the polymerization reaction. On the
other hand, it is also possible to add relatively
large amounts of the catalyst poison so that a more
effective deactivation of the polymerization-active
fine dust particles can be achieved. Fine dust which
is not precipitated in the cyclone is also wetted with
the catalyst poison, as a result of which undesirable
polymerization and deposit formation in the recycle
gas system is reduced further. 



Preferred catalyst poisons are all compounds which
have a boiling point above the maximum temperature
within the recycle gas system. The catalyst poisons
can have completely different chemical natures. It is
important that, firstly, they have a low vapor
pressure at the temperatures prevailing in the recycle
gas system. Secondly, these catalyst poisons have to
bear functional groups which coordinate more strongly
than ethylene to the active sites of the catalyst
metal atoms and thus inhibit the catalyst highly
irreversibly. The first requirement, i.e. the low
vapor pressure, depends first and foremost on the
molecular weight, so that, for example, oligomers and
polymeric materials having suitable functional groups
display good effectiveness. Well-suited catalysts
poisons for the purposes of the present invention
generally have a molecular weight above 100,
preferably above 150 and particularly preferably above
200. Preference is given to using catalyst poisons
which have a vapor pressure at 2O0C of less than 10
000 Pa, particularly preferably less than 2000 Pa and
very particularly preferably less than 1000 Pa. With
regard to suitable functional groups, preference is
given to a process in which a compound or a mixture of
compounds which contain at least one of the functional
groups -NR 2, -NR-, -OR, -O-, =0, -OS, -S- and =S,
where R is hydrogen or an alkyl radical having from 1
to 8 carbonatoms, is introduced as catalyst poison.
Compounds which bear a plurality of such functional
groups are particularly useful; in this case, the
functional groups can be identical or different.
Hydrogen is preferred as radical R, but alkyl radicals
such as methyl, ethyl, propyl, isopropyl and butyl and
also the various C5-C8-alkyl radicals are also
suitable, with methyl and ethyl being preferred. In
the process of the invention, particular preference is
given to using catalyst poisons which contain a
hydroxyethylamino group, in particular catalyst
poisons having a di(hydroxyethyl)amino group.
Particular mention may be made, for example, of the
commercially available alkylamino ethoxylate Atmer 163
(manufactured by, for example, Uniqema, marketed by
Ciba Spezialitatenchemie Lambertheim GmbH, Germany).
The amount of catalyst poison to be added cannot be
indicated in general terms, since it depends on the
catalyst poison, on the catalyst or cocatalyst system,
on the amount of fine dust formed and on the reaction
conditions. It is necessary to determine the optimum
amount experimentally. An advantageous procedure is to
increase the amount of catalyst poison gradually until
an influence on the catalyst productivity becomes
detectable and then reduce the amount again to a small
degree. Since the precise amount of fine dust to be
deactivated is not known, it is possible, as an
approximation, to introduce catalyst poison into the
recycle gas line in an amount of about 0.1-10 ppm,
preferably 0.5-3.0 ppm, particularly preferably
0.5-1.0 ppm, based on the product output. The catalyst
poison can be introduced into the recycle gas line in
pure form or, preferably, in dilute form, most
advantageously in dissolved form. A particularly
effective method of addition is to spray the catalyst
poison together with a diluent as a fine aerosol into
the recycle gas line via a spray nozzle. Possible
diluents are all media which are compatible with the
polymerization process. A process in which the
catalyst poison is fed into the recycle gas line as a
mixture with a C3-C8-a-monoolefin, preferably in
dissolved form, has been found to be particularly
advantageous. Naturally, the respective comonomer is
generally utilized in this case. It is likewise
advantageous to introduce the catalyst poison in the
form of a mixture or a solution in an inert
hydrocarbon such as hexane. The concentration of the
catalyst poison is then preferably from 0.1 to 1.0% by
weight, based on the total amount of this mixture or
this solution. In a preferred embodiment of the
process of the invention, the catalyst poison is fed
into the recycle gas line together with a
surface-active compound. As surface-active substances,
it is possible to use, for example, fatty alcohol
ethoxylates, polyalkylene glycols or ethylene
oxidepropylene oxide block copolymers. Further
suitable compounds are known to those skilled in the
art. The surface-active substances increase the
wettability of the fine dust by the catalyst poison
liquid and thus improve the effectiveness of the
catalyst poisons.Other additives known to those
skilled in the art can also be used in the
polymerization process of the invention. The use of
additives which reduce the electrostatic charging of
the polymer particles in the reactor has been found to
be particularly advantageous. It has been found to be
particularly useful to employ an antistatic such as
Costelan AS 100 (manufacturer: H. Costenoble GmbH &
Co. KG, Germany). In a further advantageous embodiment
of the process of the invention, the fine dust
precipitated in the cyclone is discharged from the
cyclone via a pressure gradient prevailing between the
cyclone and the depressurization vessel and is added
to the product in the depressurization vessel. In this
way, the fine dust which has been separated off is
utilized in an economical way without an adverse
effect on the polymer being observed. This embodiment
makes it possible to discharge the fine dust which has
been separated off by means of the cyclone from the
cyclone via a pressure gradient as prevails between
reactor and depressurization vessel. This usually
considerable pressure gradient ensures effective
emptying of the cyclone and additionally reduces
deposit formation in the cyclone. The invention is
illustrated below with the aid of drawings, without
the invention being restricted thereto. In the
drawings: Figure 1 shows a schematic diagram of a
gas-phase fluidized-bed reactor, Figure 2 shows a
schematic diagram of an embodiment according to the
invention of a cyclone. Figure 1 indicates the
construction of a gas-phase fluidized-bed reactor. The
actual reactor 1 comprises a cylindrical tube. The
fluidized bed 1b is usually bounded at the bottom by a
gas distributor plate 1a. The cylindrical section is
adjoined at the top by a widening calming zone 1c
which reduces the discharge of particles from the
reactor. In an alternative embodiment, the calming
zone can also be omitted because of the good
separation action, particularly when a catalyst poison
is additionally fed in upstream of the cyclone. The
reaction gas leaves the reactor at the upper end of
the calming zone and is conveyed in the recycle gas
line 2 via the cyclone 3 to the heat exchanger 10 in
which the recycle gas is cooled and from there via a
compressor 11 back to the reactor. An addition line 2a
which allows a catalyst poison to be introduced is
provided in the recycle gas line 2 between the reactor
1 and the cyclone 3. The polymer is discharged
continuously or discontinuously through a discharge
line 13. The polymer is freed of the major part of the
gas discharged with it in a depressurization vessel 12
and is passed to the further 



processing units. Figure 2 schematically shows a
cyclone 3 having a cylindrical upper section 3a which
has avertical central axis The wall of the upper
section 3a extends along a rotationally symmetric
body, preferably a cylinder, and is provided with a
cyclone inlet 4 arranged eccentrically relative to the
central axis, in the present case tangentially The
cyclone inlet 4 is connected to the part of the
recycle gas line 2 which conveys the particle-laden
recycle gas from the reactor to the cyclone 3 in the
polymerization plant The upper section 3a of the
cyclone 3 is adjoined by a middle section 3b whose
wall extends along a truncated cone tapering in a
downward direction The upper diameter of the middle
section 3b has the same diameter as the upper section
3a The angle of inclination a of the wall to the
central axis is preferably from 8 to 20, particularly
preferably from 10 to 15 The middle section 3b is in
turn adjoined by a lower section 3c which serves to
discharge the solid particles precipitated from the
recycled gas Its wall has the shape of a cylinder As a
likewise preferred alternative, the wall can also have
the shape of a truncated cone tapering in a downward
direction, with the angle of inclination to the
central axis having to be smaller than the angle of
inclination b of the wall of the middle section 3b to
the central axis in order to ensure discharge of the
particles from the cyclone The angle of inclination b
is preferably from 0 to 10, particularly preferably
from 2 to 7 The lower diameter of the lower section 3c
has to be such that blockage by the precipitated
particles is ruled out The fine dust separated off by
means of the cyclone is discharged from the cyclone 3
via a pressure gradient prevailing between the cyclone
3 and the depressu pzation vessel 12 and is added to
the product in the depressunzation vessel 12 (see Fig
1) In the interior of the upper section and part of
the middle section, there is a vertical cylindrical
tube 5 which extends downward into the cyclone and
serves to discharge the particle-reduced recycle gas
and is connected in the polymerization plant to the
part of the recycle gas line which conveys the
purified recycled gas back to the reactor after
cooling The ratio H, of the distance h , from the
lower end of the tube 5 extending downward into the
cyclone to the intersection 6 of an imaginary
extension of the wall of the downward-extending tube 5
with the wall of the middle section 3b to the diameter
d , of the downward-extending tube 5 H, = h,/d, is
from 5 to 6 The ratio of the height h| to the maximum
diameter d| of the lower section 3c is from 6 to 10 in
the present caseClaims 1. An apparatus for the
polymerization of olefins, in particular ethylene,
comprising a gasphase fluidized-bed reactor (1), a
recycle gas line (2) connected to the reactor for
discharging and recirculating the recycle gas stream
comprising the unpolymerized olefin and a cyclone (3)
located in the recycle gas line for the reduction and
precipitation of the solid particles entrained in the
recycle gas from the reactor, with the cyclone
comprising: an upper section (3a) which has an
essentially vertical central axis, whose wall extends
along a rotationally symmetric body and which is
provided with a cyclone inlet (4) arranged
eccentrically relative to the central axis, a middle
section (3b) which adjoins the upper section (3a) and
whose wall extends along a rotationally symmetric body
which tapers in a downward direction, a lower section
(3c) for discharging the solid particles precipitated
from the recycle gas which adjoins the middle section
(3b) and whose wall extends along a rotationally
symmetric body and a tube (5) extending essentially
axially symmetrically down into the upper section (3a)
and, if appropriate, the middle section (3b) for
discharging the recycle gas which has been freed of
the particles, wherein the ratio H, of the distance h,
from the lower end of the tube (5) extending downward
into the cyclone to the intersection (6) of an
imaginary extension of the wall of the
downward-extending tube (5) with the wall of the
middle section (3b) to the diameter d of the
downward-extending tube (5) is from 3 to 8, in
particular from 4 to 7. 2 . The apparatus according to
claim 1, wherein the ratio of the height H| to the
maximum diameter d | of the lower section (3c) is from
4 to 12, in particular from 5 to 11. 3 . The apparatus
according to claim 1, wherein the roughness of the
interior walls of the upper section (3a) and of the
middle section (3b) is from 0.1 to 0.4 mm. 4. The
apparatus according to any of the preceding claims,
wherein the upper section (3a) of the cyclone is
essentially cylindrical. 5. The apparatus according to
any of the preceding claims, wherein the lower section
(3c) of the cyclone is essentially cylindrical or
tapers conically in a downward direction with a
smaller inclination to the central axis than the
middle section (3b).6. The apparatus according to any
of the preceding claims, wherein an addition line (2a)
for the introduction of a catalyst poison is provided
in the recycle gas line (2) between the reactor (1)
and the cyclone (3). 7. A continuous gas-phase
polymerization process for the preparation of olefin
homopolymers and copolymers, in which the olefin or
olefins is/are polymerized in the gas phase in a bed
of finely divided polymer in the presence of a
catalyst at pressures of from 0.1 to 15 MPa and
temperatures of from 30 to 15O0C in the polymerization
zone of a polymerization reactor (1), with the reactor
gas being circulated to remove the heat of
polymerization and the circulated reactor gas leaving
the reactor firstly being conveyed through a cyclone
(3), wherein an apparatus according to any of the
preceding claims is used. 8. The process according to
claim 6 , wherein a catalyst poison is metered into
the recycle gas line (2) between the gas-phase
fluidized-bed reactor (1) and the cyclone (3). 9. The
process according to claim 7, wherein the catalyst
poison has a boiling point which is above the maximum
temperature in the recycle gas. 10. The process
according to any of claims 7 to 9, wherein the
polymerization product is discharged from the reactor
(1) into a depressurization vessel (12) and the fine
dust precipitated in the cyclone 3 is discharged from
the cyclone (3) via a pressure gradient prevailing
between the cyclone (3) and the depressurization
vessel (12) and is added to the product in the
depressurization vessel (12). 


