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Description

[0001] The invention relates to a process for the gas-phase polymerisation of one or more olefinic monomers in a
fluid-bed reactor which is bounded at the bottom by a gas-distributing plate containing apertures, comprising the supply
of a gas to the reactor through the apertures.
[0002] The gas-phase polymerisation of olefines in a fluid bed is known per se, e.g. from WO-A-94/28032 and
US-A-4.543.399 and is effected in an elongated, generally vertically installed, reactor in which a bed of polymer particles
is maintained in a fluidised state by means of a rising stream of gas which contains at least the gaseous monomers to
be polymerised. The gas stream is supplied via a gas-distributing plate which separates the bottom part of the reactor
from the reaction zone proper. This plate contains apertures which distribute the supplied gas stream across the area
of the reaction zone as required, in the known reactors as homogeneously as possible. Structures for distributing the
incoming gas stream or for preventing the risk of polymer dropping down from above may be present above the apertures.
Such structures are known per se, as are suitable ways of distributing the apertures across the gas-distributing plate
and the suitable sizes of the apertures. So as to nevertheless be able to realize a certain drop in pressure at a lower
gas flow rate through the plate, the bottom part of the reactor may have a conical cross-section above the gas-distributing
plate, or a peripheral part of the gas-distributing plate may have a closed design. To prevent the risk of accumulation of
polymer particles on such a peripheral part, the sealing is preferably in the form of an oblique wall extending from the
gas-distributing plate to the wall of the reactor. The angle between the oblique wall or the conical part of the wall and
the plate must exceed the angle of repose of the polymer particles in the reactor, and is furthermore at least 30°, preferably
at least 40°, and more preferably lies between 45° and 85°. If such an oblique wall is present, the ’gas-distributing plate’
will hereinafter be understood to be the part of the floor of the reactor containing the apertures for the fluidising gas.
[0003] The rising gas stream may optionally also contain one or more inert gases and for example hydrogen as a
chain length regulator. An important objective of the addition of inert gases is to control the gas mixture’s dew-point.
Suitable inert gases are for example inert hydrocarbons such as (iso)butane, (iso)pentane and (iso)hexane, but also
nitrogen. They may be added to the gas stream either as a gas or in a condensed form as a liquid.
[0004] The gas stream is discharged via the top of the reactor and, after it has undergone certain treatments, new
monomer is added to it to replace the monomer consumed in the polymerisation, after which it is returned to the reactor
as (part of) the rising gas stream to maintain the bed. In addition, a catalyst is added to the bed. During the process,
new polymer is constantly formed under the influence of the catalyst present, and at the same time some of the polymer
formed is withdrawn from the bed, which ensures that the volume of the bed remains more or less constant. New
monomer to replace the converted monomer is generally supplied in the form of a gas or liquid via the gas stream that
maintains the bed.
[0005] The process applied in the known reactors shows the disadvantage that at a certain diameter of the fluid bed
the height of the bed is restricted to at most 3 to 5 times that diameter. This seriously restricts the reactor capacity.
[0006] Object of the invention is to provide a process in which a fluid bed having a larger height/ diameter ratio than
in the known reactors can be stably maintained.
[0007] This aim is achieved because the average rate at which the gas is supplied to the reactor in a first part of the
gas-distributing plate whose area equals half that of the gas-distributing plate exceeds the average rate at which the
gas is supplied to a second part comprising the area of the gas-distributing plate outside the first part, wherein the first
part is a central part which comprises the centre of gravity of the gas-distributing plate and the second part is a peripheral
part comprising the surface area of the gas-distributing plate outside the central part, or the first and the second part
are situated at either side of a central line through the centre of gravity of the gas-distributing plate.
[0008] Surprisingly it was found that the height of the fluid bed may be greater thanks to the new distribution of the
supplied gas across the gas-distributing plate. In the known process the ratio of the height and diameter of the fluid bed,
is limited to at most a factor of 3 to 5. In the process according to the invention this ratio may be chosen to be up to no
less than 50% higher than in the known process. When the same amount of polymer formed is withdrawn from the
reactor, the residence time of catalyst then consequently increases by the same percentage, so that it is used more
efficiently. The yield per unit of weight of the catalyst consequently increases, and the catalyst content of the polymer
formed is consequently lower. This results in lower catalyst costs and a purer polymer.
[0009] Moreover this advantage allows applying slimmer reaction vessels, which implies major engineering advantages
for polymerization reactors since these are pressure vessels.
[0010] A further advantage associated with the process according to the invention is the diminished entrainment of
small polymer particles (’fines’) in the gas stream leaving the reactor over its top.
[0011] Further it was found that it is possible in the process according to the invention to maintain in fluidised state
larger particles, up to 2 and even 3 mm in diameter, than in the known process with its homogeneous gas distribution.
[0012] The polymerisation is an exothermal reaction. Heat must constantly be dissipated to maintain the temperature
in the reactor at the required level. This is effected via the gas stream, whose temperature when it leaves the reactor is
higher than that at which it was supplied to the reactor. The flow rate of the gas in the reactor cannot be chosen arbitrarily
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high, so it is not possible to dissipate any desired amount of heat. The minimum local flow rate of the gas is limited by
the requirement that all parts of the bed must be kept in a fluid state. The risk of polymer powder being retained on the
gas-distributing plate must be prevented. Therefore, the apertures are equally distributed across the entire area of the
gas-distributing plate. On the other hand, the average flow rate of the gas must not be so great as to cause the polymer
particles to be blown out of the top of the reactor. The aforementioned limits are to a great extent dictated by the
dimensions and density of the polymer particles present in the bed and by the density and viscosity of the gas stream
through the bed, and can be experimentally determined. 5 cm/sec is generally taken as the lower limit of the flow rate
of the gas at any point in the fluid bed and 100 cm/sec as the upper limit of the average flow rate of the gas across the
entire fluid bed. The latter value may be exceeded locally. In practice, average flow rates of between 20 and 80 cm/sec
are often used. The flow or supply rate of the gas in a certain area of the gas-distributing plate is defined as the quotient
of the amount of gas per second, expressed in m3/s, that is supplied to that area, expressed in m2. It is added that the
rate at which the gas leaves the apertures may be substantially higher than the rate at which it is supplied as defined
above. This is connected with the fact that the total effective area of the apertures will generally be less than 10% or
even less than 5% of the area of the gas-distributing plate.
[0013] The aforementioned requirements limit the maximum flow rate of the gas at the given dimensions of the reactor,
and hence the maximum amount of heat that can be dissipated. It also limits the maximum amount of reaction heat that
may be produced, and hence also the maximum amount of polymer to be produced.
[0014] The detailed design and operation of fluid-bed reactors for polymerising olefinic monomers and the associated
suitable process conditions are known per se and are for example described in detail in WO-A-94/28032 and in
US-A-4,543,399.
[0015] From this same US-A-4,543,399 it is known to add new monomer to the gas stream discharged from the reactor
and to cool the stream to such an extent as to cause it to partially condense. The two-phase stream obtained, which,
owing to the latent heat of evaporation of the liquid part formed as a condensate, has a substantially greater heat-dis-
sipating capacity, and hence cooling capacity, than a stream consisting exclusively of gas, is then supplied to the bottom
side of the reactor. Such a method is referred to as ’condensed mode’. The dew-point of the two-phase stream must be
lower than the temperature in the reaction zone so that the liquid can evaporate in it. This way the production capacity
of a fluid-bed reactor proves to increase substantially in comparison with the known reactors with otherwise the same
dimensions. According to the known method, the maximum amount of condensate-liquid in the two-phase stream is 20
wt.%. The examples go to 11.5 wt.%. Whenever hereinafter reference is made to ’gas’, this is understood to include the
aforementioned two-phase stream consisting of gas and liquid, which is in this discipline also known as ’vapour’.
[0016] In the known method the reactor capacity is also limited. This is due to the fact that the amount of liquid supplied
cannot be increased as desired without the risk of lump formation and other undesired effects.
[0017] It has entirely unexpectedly been found that by solely distributing the gas supply across the area of the gas
distributing plate in the manner characterised in the process according to the invention causes the effectiveness of the
cooling effect of the supplied liquid to increase in comparison with the known process. This makes it possible for example
to dose more catalyst to the bed at a certain amount of supplied liquid. A larger amount of polymer is then formed in the
fluid bed while it nevertheless proves possible to neutralise the greater amount of heat of reaction produced. The
advantage of the process according to the invention mentioned above can also be achieved in condensed mode proc-
esses,
[0018] Another advantage of the process according to the invention lies in the fact that a larger quantity of liquid can
be supplied to the fluid bed than in the known process, without the risk of the bed’s stability being adversely affected.
All the aforementioned advantages contribute towards increasing the production capacity of a fluid-bed installation
operated in condensed mode.
[0019] The new process can be used in any reactor in which the gas supply in the gas-distributing plate has the
required distribution. The simplest, and therefore preferred method of realization of the required gas supply distribution
is to ensure that the total surface area of the apertures in the first part is larger than the surface area of the apertures
in the second part. This can be realized for instance by choosing for the first part a larger number of apertures and/or
bigger apertures than for the second part. This distribution of the number and the size of the apertures may be or have
been realized during the construction of a new reactor, but it is also possible to modify the gas-distributing plate in an
existing reactor so as to ensure that it has the required properties. The advantages of the process according to the
invention can consequently also be obtained, at relatively low costs, by modifying an already existing reactor. The
invention therefore also relates to the modification of an existing fluid-bed reactor by creating a distribution of apertures
such that the required distribution of the gas supply across the distributing plate described above is obtained.
[0020] The average rate at which the gas is supplied to the reactor in the first part of the gas-distributing plate exceeds
the average rate at which the gas is supplied to the second part of the gas-distributing plate. Fluid-bed reactors are
generally cylindrical. The two embodiments are the one in which the first part is a central part and the second part is a
peripheral part and the one in which the first part and the second part are situated at either side of a straight line through
the centre or the centre of gravity of the gas-distributing plate. In the former case a ’central part’ is understood to be a
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part which comprises the centre and whose area equals half that of the gas-distributing plate. If the gas-distributing plate
has a different shape, the central part comprises its centre of gravity. The peripheral part is the part lying between the
circumference of the central part and the circumference of the gas-distributing plate. The area of this peripheral part
also equals half that of the gas-distributing plate. The central part will preferably, and generally, be a circle whose centre
is the centre of the reactor. The central part may for example also have a different shape, but it preferably has a high
degree of symmetry and is then for example a regular polygon whose centre of gravity coincides with the reactor’s centre
or centre of gravity. The gas is thus supplied in a symmetric pattern, which is beneficial for the reactor’s stability.
[0021] If the reactor has the shape of a cylinder, then the line mentioned in the second embodiment is a diameter of
the gas-distributing plate. If the reactor section is of another shape, said line is a straight line through the centre of gravity.
Said lines running through the centre or the centre of gravity are in the following jointly referred to as ’central line’.
[0022] It has already been noted above that the limiting values of the range within which the average supply rate of
the gas can be chosen to a great extent depend on the dimensions and density of the polymer particles present in the
bed and on the density and viscosity of the gas stream flowing through the bed. They can be experimentally determined
and have already been mentioned above. Said limiting values must be respected in each of the parts of the gas-distributing
plate distinguished in the process according to the invention.
[0023] In the process according to the invention the average supply rate of the gas is defined as the quotient of the
amount of gas per second, expressed in m3/s, that flows through a certain area of the gas-distributing plate, expressed
in m2. The ratio of the average rate at which the gas is supplied to the first part and that at which it is supplied to the
second part may lie between 40:1 and 1.1 : 1. The most stable operation is obtained at ratios between 10 : 1 and 1.1 :
1. Preferably this ratio lies between 4:1 and 1.2:1. This ratio is preferably controlled via measures affecting the amount
of gas supplied to each part of the gas-distributing plate, for example by making the total area of the apertures in the
first part larger than in the second part. This can be achieved for example by creating a larger number of apertures
and/or larger apertures in the first part. Or the apertures may have different shapes in the different parts. The total area
of the apertures in the first part is preferably at least 55% and at most 90% of the total area of the apertures in the
gas-distributing plate. More preferably it is at most 80%.
[0024] The rate at which the gas is supplied does not have to be the same across the entire area of the aforementioned
parts of the gas-distributing plate. It is essential, however, that the ratio of the supply rates at which the gas is supplied
to each of the two parts defined above is always satisfied. The rate at which the gas is supplied to a part of the gas-dis-
tributing plate lying closer to the centre of the reactor or to either side of the dividing line does however not have to
exceed at any point that in an adjacent part lying closer to the reactor wall or, respectively, at either side of the dividing
line. In a suitable embodiment with a central and a peripheral part the rate at which the gas is supplied decreases from
the centre of the gas-distributing plate to the wall, steadily or in one or more steps. In a suitable embodiment with a
central line the gas supply is larger in the middle of the first part than in the part closest to the wall. This part which is
closest to the wall extends from the wall, with a width which is preferably equal to at least 0.2, more preferably at least
0.25 x the radius of the reactor, and at most equal to 0.75, more preferably 0.5 x that radius. From WO-A-94/28032 it is
also known to separate the liquid from the two-phase stream obtained from the gas stream to be recycled after cooling
in a condensed-mode process, and to supply this liquid to the reactor separated from the gas stream. The various
embodiments and installations for supplying the liquid to the reactor described therein can be used in the reactor according
to the invention. The same holds for the dimensions, flow rates and ratios that can be learned there from. The liquid is
injected into the fluid bed or vaporised in it, optionally with the aid of a propellant, via a supply passage which, coming
from the area beneath the gas-distributing plate, ends above the gas-distributing plate, in the method according to the
invention preferably in the first part of said plate. In this way it is possible to supply a larger amount of liquid relative to
the amount of gas that is supplied. This makes it possible to dissipate an even greater amount of heat, as a result of
which a greater amount of polymer, and a corresponding greater amount of heat, may be produced. WO-A-94/28032
specifies 1.21 as the maximum allowable ratio of the mass of the supplied liquid and the mass of the total amount of
gas supplied, as determined in a simulation experiment.
[0025] The advantages of the invention are also obtained when the characteristics of the process according to the
invention are used in combination with the technique known from WO-A-94/28032.
[0026] It has been found to be advantageous to use the process because the reaction volume can then be enlarged
while the diameter remains the same, which implies major structural advantages in the case of pressure vessels, which
is what the reactors are. Also if there is no partition wall, but the gas supply, as described in the foregoing, is not evenly
distributed over the gas-distributing plate it appears to be possible to choose the height to diameter ratio of the fluid bed
higher by a factor of 1.3 or even up to 1.5.
[0027] In case the gas-distributing plate is divided into a central and a peripheral part, a particularly suitable partition
is a vertically placed tube or sleeve, preferably concentric relative to the reactor. The ratio of the area of the cross-section
of the tube or sleeve and that of the central part of the gas-distributing plate is preferably between 1.8 : 1 and 1 : 5. As
such a tube or sleeve will be totally submerged in the fluid bed, there will be no noticeable differences in pressure across
the wall of the tube and the latter may have a light structure. The tube or sleeve can be easily suspended from a higher



EP 1 282 649 B1

5

5

10

15

20

25

30

35

40

45

50

55

part of the reactor, supported by a bottom part or attached to the wall of the reactor. In this context a sleeve differs from
a tube in the shape of its cross-section, which is of a rounded shape in the case of a tube, for example circular or ellipsoid,
and more angular in the case of a sleeve, for example triangular, quadrangular, octagonal or polygonal, whether or not
regular. The walls of the sleeve or tube may be parallel to the reactor axis, but in certain cases it proved advantageous
for it to have a slightly conical shape. The apex formed by the wall of the tube or sleeve is at most 5° and preferably at
most 2.5°. Very suitable are apexes between 0° and 2°. The ratio of the area of the radial cross-section of the tube or
sleeve and that of the reactor lies between 1:9 and 9:10 and, in order to achieve the greatest possible stability, preferably
between 1:4 and 3:4. In the case of a conical tube or sleeve this holds for its average cross-section. The bottom of the
tube or sleeve is at least 0.05 x, preferably at least 0.1 x the diameter of the reaction zone above the gas-distributing
plate and preferably at most 3 x that diameter. The favourable effect of the presence of a vertical partition was found to
decrease in the case of deviating dimensions. The top is at least 0.05 x, preferably at least 0.1 x the diameter of the
reaction zone beneath the end of that reaction zone and preferably at most 2 x that diameter. It has been found that the
bed may project further beyond the partition at the top than at the bottom. The greater the height of the reaction zone,
the lower the top of the partition may lie.
[0028] An advantage of the presence of such a partition lies in the fact that a given reactor can be operated in a stable
manner even when the mass ratio of (liquid supplied to the reactor): (amount of gas supplied to the reactor) is above
2:1 or even above 4:1. Said ratio is in any case at least 10% and even more than 50% to even more than 100 % higher
than when the process is carried out in the corresponding reactor without a partition, without any risk of lump formation
or other undesired side-effects. In combination with the more favourable ratio of the supplied amount of liquid and the
reactor capacity which can be achieved in the process according to the invention as a result of the new distribution of
the supplied gas across the gas-distributing plate, a greatly improved yield can be achieved.
[0029] In case the gas-distributing plate is divided into two parts by a central line it is very suitable if a vertical partition
wall, present in the reaction zone, has a substantially axially oriented flat, curved or cranked shape. Such a partition wall
may link up at either side with the inner wall of the reactor, but an intermediate space of up to 10 cm between the side
of the partition wall and the inner wall is also admissible. In this way the reaction zone is divided into two compartments,
which can differ in size. In a first embodiment the projection of the partition wall on the gas-distributing plate coincides
with the central line. This projection may also lie within the first part of the gas-distributing plate; in that case the surface
area between the central line and the projection of the partition wall is equal to at most 50%, preferably at most 20% of
the surface area of the first part. If said projection lies entirely or partly in the second part of the gas-distributing plate,
the surface area in the second part located between that projection and the central line is preferably equal to at most
25% of the surface area of the second part. If these limitations are respected, stable operation of the reaction is ensured.
[0030] The substantially axially oriented wall should stand in a virtually vertical position. By this is understood: parallel
to the axis of the reactor, but at the same time not more than 5T, preferably not more than 2,5T off plumb relative to that axis.
[0031] The aforementioned requirements and preferences relating to the positioning of a tube- or sleeve-shaped
partition wall in the fluid bed apply equally to a partition wall in the form of a plate.
[0032] A suitable embodiment of a gas-distributing plate which is divided into a first and a second part by a central
line is represented in the following drawings, Fig. 1 being a top view of a circular gas-distributing plate and Fig. 2 a cross
section along the line A-A’ in Fig. 1.
[0033] In Fig. 1, 2 is a circular gas-distributing plate, divided by a central line 4 into a first half 6 and a second half 8.
In the second half 8 the apertures (not shown) take up 1% on average of the surface area. The first half 6 is subdivided
into a central section 10, bounded by dashed lines, in which the apertures take up 3% on average of the surface area,
and a semi-annular peripheral part 12, in which the apertures take up 2% on average of the surface area. The width of
the peripheral part 12 is equal to 0.2 x the radius R of the gas-distributing plate. It is also possible to choose for the
portion 14 of central section 10 that is adjacent to central line 4, bounded by the dotted line, for instance over a width of
up to 0.2 - 0.5 times the radius of the gas-distributing plate, a lower percentage of apertures than in the rest of central
section 10, in this case for instance also 2% as in peripheral part 12.
[0034] In Fig. 2 the average percentage share of the apertures along the central line A-A’, corresponding to the
embodiment described for Fig. 1, is represented graphically. The numbers of the corresponding areas of Fig. 1 have
been denoted between brackets.
[0035] The process according to the present invention is suitable for the preparation of polyolefines in the gas phase
by polymerising one or more olefinic monomers, at least one of which is preferably ethylene or propylene. Olefines
preferably used in the process according to the invention are those containing 2 to 8 C atoms. Minor amounts of olefines
containing more than 8 C atoms, for example containing 9 to 18 C atoms, may however also optionally be used.
[0036] It is hence possible to prepare homopolymers of ethylene or propylene, copolymers of ethylene and propylene
and copolymers of ethylene and/or propylene containing one or more C2 - C8 alpha-olefines in a preferred embodiment.
[0037] Preferred alpha-olefines are ethylene, propylene, butene-1, pentene-1, hexene-1, 4-methylpentene-1 and oc-
tene-1. An example of a higher olefine that can be copolymerised with the primary ethylene or propylene monomer or
that may partially replace the C2 - C8 monomer is decene-1. Dienes may also be used, for example 1,4-butadiene,
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1,6-hexadiene, dicyclopentadiene, ethylidene-norbornene and vinyl norbornene.
[0038] Besides ethylene or propylene homopolymers, it is also possible to produce copolymers of these two monomers
with the process according to the invention and also comonomers of these monomers together or separately with one
or more higher olefines and/or dienes. Ziegler-Natta catalysts and other multiple-site catalysts can be used as catalyst
in these processes, but so can single-site or multiple-site catalysts, for example metallocene catalysts. The processes
for the production of said polymers in a fluid-bed reactor that are known per se can be used in the reactor according to
the invention, with the aforementioned advantages of the invention being achieved.
The invention also relates to a gas-distributing plate with apertures for a fluid-bed reactor for polymerising olefines, a
non overlapping first and second part can be distinguished, each part having an area of one half of the area of the gas
distributing plate, the total area of the apertures in the first part being at least 55% and at most 91 % of the total area of
the apertures in the gas-distributing plate.
[0039] As described above, such a gas-distributing plate has the unexpected effect of its presence in a certain fluid-bed
reactor making it possible to obtain a higher polymer yield following the supply of a certain amount of liquid to the reactor
than in the case of the apertures being equally distributed in terms of surface area across the gas-distributing plate. The
presence of the gas-distributing plate according to the invention also makes it possible to supply a greater amount of
liquid to the reactor and/or to use a reactor with a greater height/diameter ratio and operate it in a stable manner.
[0040] The other characteristics and embodiments of the gas-distributing plate are as described above.
[0041] The invention further relates to a fluid bed reactor, comprising a reactor chamber, which is bounded at the
bottom by a gas-distributing plate containing apertures, wherein the total area of the apertures in a first part of the
gas-distributing plate whose area equals half that of the gas-distributing plate is at least 55% and at most 90% of the
total area of the apertures in the gas-distributing plate. Further characteristics and embodiments of the gas-distributing
plate are as described hereinbefore.
The invention will now be elucidated with reference to the following examples without being limited thereto.

Example I

[0042] In a cylindrical reactor with a diameter of 0.85 m and a height (= distance from the gas-distributing plate to the
gas outlet) of 8.5 metres a fluid bed with a height of 4.2 m from de gas-distributing plate is maintained. The gas-distributing
plate has round apertures with a diameter of 5 mm. The percentage of these apertures relative to the total area of the
gas-distributing plate decreases in steps from the centre of the gas-distributing plate to the wall of the reactor. In a first
segment having the shape of a circle whose centre lies along the reactor’s axis and whose area equals 1/3 of the area
of the gas-distributing plate the relative proportion of the apertures is 2.25%, in a second segment lying outside this and
having the shape of a ring adjoining the circle with the same area this proportion is 1.5% and in a third segment having
the shape of a ring adjoining the second segment this proportion is 0.75%. So the three segments cover the entire area
of the gas-distributing plate and they have equal surface areas. The apertures are in each case equally distributed across
the segments, the number of apertures per segment decreasing from the centre to the edge.
[0043] Converted on the basis of a central and a peripheral part, each covering 50% of the area of the gas-distributing
plate, the ratio of the areas of the apertures in the two parts is 2:1.
[0044] A mixture of propylene (2.16 MPa), hydrogen (0.04 MPa) and nitrogen (0.3 MPa) is supplied to the reactor via
the gas-distributing plate. The reactor temperature is kept at 70°C. The reactor pressure is 2.5 MPa. The flow rates of
the gas in the three aforementioned segments of the gas-distributing plate are 0.4, 0.6 and 0,.8 m/s, respectively. The
average gas flow rate across the entire gas-distributing plate is 0.6 m/s.
[0045] A Ziegler-Natta catalyst, suitable for polymerising propylene, is introduced into the fluid bed via the reactor wall.
[0046] The non-reacted gases are discharged via the gas outlet in the top of the reactor and are cooled to a temperature
at which predominantly propylene condensed. The cooled gas-liquid mixture is returned via the bottom, replenished to
compensate for the gases consumed in the reaction to the aforementioned partial pressures. The composition of the
gas is checked with the aid of gas chromatography. A larger amount of condensate is formed at lower cooling temper-
atures. The reactor temperature is maintained at the required level by adding more catalyst when the supply of condensate
increases, so that more heat of reaction is also released. It is possible to cool the off-gas to 44°C, with 34% condensate
being present in the mixture supplied to the reactor, before the reactor becomes unstable as a result of the formation of
hot and cold spots.
[0047] The maximum production rate achievable is 4.32 tons/m2.h.

Comparative Experiment A

[0048] Example I is repeated with the understanding that the relative proportion of the apertures in the gas-distributing
plate is the same across the entire area and amounts to 1.5%.
[0049] It now proves possible to cool the off-gases only to 48°C, with 22% condensate being present in the mixture
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supplied to the reactor, before the reactor becomes unstable as a result of the formation of hot and cold spots.
[0050] The maximum production rate achievable is 2.64 tons/m2.h.

Example II and Comparative Experiment B

[0051] Example I and Comparative Experiment A are repeated, on the understanding that the reactor pressure is now
kept at 2.3 Mpa by reducing each of the partial gas pressures specified in Example I by a factor of 0.92.
[0052] The minimum allowable cooling temperatures (Tmin), the total reactor pressure (Ptotal), the condensate per-
centages, the heat dissipation capacity/m2 of base area that can be achieved with them and the output/m2 of reactor
base area per hour are given in Table 1.

Examples III and IV

[0053] Examples III and IV correspond to Examples I and II, respectively, with the difference that 1/3 and d of the N2,
respectively is replaced by iso-butane (Example III) and iso-pentane (Example IV), respectively.
[0054] The results corresponding to those mentioned in Example II are also shown in Table 1.

[0055] Comparison of Examples I and II with Comparative Experiments A and B, respectively, shows that the modi-
fication of the distribution of the gas supply across the gas-distributing plate causes the maximum allowable amount of
condensate, and hence the production that can be achieved in the reactor, to increase substantially.

Claims

1. Process for polymerising one or more olefinic monomers in a fluid-bed reactor which is bounded at the bottom by
a gas-distributing plate containing apertures, comprising the supply of a gas to the reactor through the gas-distributing
plate whereby the average rate at which the gas is supplied to the reactor is higher in a first part of the gas-distributing
plate whose area equals half that of the gas-distributing plate than the average rate at which the gas is supplied in
a second part covering the area of the gas-distributing plate that lies outside the first part, characterized in that
the first part is a central part which comprises the centre of gravity of the gas-distributing plate and the second part
is a peripheral part comprising the surface area of the gas-distributing plate outside the central part, or the first and
the second part are situated at either side of a central line through the centre of gravity of the gas-distributing plate.

2. Process according to Claim 1, in which the process further comprises the supply of a liquid into the reactor.

3. Process according to Claim 2, in which part, at least, of the gas supplied is discharged from the reactor and is cooled
to such an extent that part, at least, of the gas condenses, after which part, at least, of the cooled gas and of the
condensate obtained is returned to the reactor.

4. Process according to Claim 3, in which the condensate obtained is supplied to the reactor via the apertures in the
gas-distributing plate.

5. Process according to Claim 3, in which the condensate obtained is separated from the cooled gas and is separately
returned to the reactor.

Table 1

Example/ Comp. Exp. Tmin °C Ptotal Mpa Condensate % Dissipation of heat MW/m2 Output tons/m2.h

I 44 2.5 34 2.84 4.32

A 48 2.5 22 1.74 2.64

II 42 2.3 36 2.83 4.30

B 44 2.3 21 1.61 2.45

III 48 2.5 32 2.81 4.27

IV 44 2.3 38 3.44 5.22
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6. Process according to any one of Claims 1-5, in which the central line is a straight line.

7. Process according to any one of Claims 1-6, in which the ratio of the average rates at which the gas is supplied in
the first part and in the second part is between 10:1 and 1.1:1.

8. Process according to Claim 7, in which the ratio of the average rates at which the gas is supplied in the first part
and in the second part is between 4:1 and 1.2:1.

9. Process according to Claim 8, wherein a vertical tube or sleeve which comprises the axis of the reactor is present
in the reactor.

10. Process according to any one of Claims 1-5, wherein a vertical partition wall is present in the reactor.

11. Gas-distributing plate with apertures for a fluid-bed reactor for polymerising one or more olefines, in which a non
overlapping first and second part can be distinguished, each part having an area of one half of the area of the gas
distributing plate, the total area of the apertures in the first part being at least 55% and at most 91% of the total area
of the apertures in the gas-distributing plate, and in which the first part is a central part which comprises the centre
of gravity of the gas-distributing plate and the second part is a peripheral part comprising the surface area of the
gas-distributing plate outside the central part, or the first and the second part are situated at either side of a central
line through the centre of gravity of the gas-distributing plate.

12. Gas-distributing plate according to Claim 11, with the total area of the apertures in a first part having an area that
equals half of the total area being at least 55% and at most 80% of the total area of the apertures in the gas-distributing
plate.

13. Fluid-bed reactor that is suitable for polymerising one or more olefinic monomers, which is bounded at the bottom
by a gas-distributing plate with apertures for a fluid-bed reactor for polymerising one or more olefines, in which a
non overlapping first and second part can be distinguished, each part having an area of one half of the area of the
gas distributing plate, the total area of the apertures in the first part being at least 55% and at most 91% of the total
area of the apertures in the gas-distributing plate, and in which the first part is a central part which comprises the
centre of gravity of the gas-distributing plate and the second part is a peripheral part comprising the surface area
of the gas-distributing plate outside the central part, or the first and the second part are situated at either side of a
central line through the centre of gravity of the gas-distributing plate.

14. Use of a fluid-bed reactor according to Claim 13 to polymerise one or more olefinic monomers.

Patentansprüche

1. Verfahren zum Polymerisieren eines oder mehrerer olefinischer Monomere in einem Fließbettreaktor, der an dem
Boden durch eine Öffnungen enthaltende Gasverteilungsplatte begrenzt ist, umfassend die Zufuhr eines Gases in
den Reaktor durch die Gasverteilungsplatte, wodurch die durchschnittliche Rate, mit der das Gas in den Reaktor
zugeführt wird, in einem ersten Teil der Gasverteilungsplatte, dessen Fläche der Hälfte derer der Gasverteilungsplatte
entspricht, höher als die durchschnittliche Rate ist, mit der das Gas in einem zweiten Teil zugeführt wird, der die
Fläche der Gasverteilungsplatte einnimmt, die außerhalb des ersten Teils liegt, dadurch gekennzeichnet, dass
der erste Teil ein zentraler Teil ist, der den Schwerpunkt der Gasverteilungsplatte umfasst, und der zweite Teil ein
peripherer Teil ist, der die Oberfläche der Gasverteilungsplatte außerhalb des zentralen Teils umfasst, oder dass
der erste und der zweite Teil auf beiden Seiten einer zentralen Linie durch den Schwerpunkt der Gasverteilungsplatte
angeordnet sind.

2. Verfahren nach Anspruch 1, in welchem das Verfahren weiter die Zufuhr einer Flüssigkeit in den Reaktor umfasst.

3. Verfahren nach Anspruch 2, in welchem mindestens ein Teil des zugeführten Gases aus dem Reaktor entnommen
und zu einem solchem Ausmaß abgekühlt wird, dass mindestens ein Teil des Gases kondensiert, wonach mindestens
ein Teil des abgekühlten Gases und des erhaltenen Kondensats wieder in den Reaktor zurückgeführt wird.

4. Verfahren nach Anspruch 3, in welchem das erhaltene Kondensat über die Öffnungen in der Gasverteilungsplatte
in den Reaktor zugeführt wird.
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5. Verfahren nach Anspruch 3, in welchem das erhaltene Kondensat von dem abgekühlten Gas abgetrennt und getrennt
in den Reaktor zurückgeführt wird.

6. Verfahren nach einem der Ansprüche 1 bis 5, in welchem die zentrale Linie eine gerade Linie ist.

7. Verfahren nach einem der Ansprüche 1 bis 6, in welchem das Verhältnis der durchschnittlichen Raten, mit denen
das Gas in den ersten Teil und in den zweiten Teil zugeführt wird, zwischen 10:1 und 1,1:1 beträgt.

8. Verfahren nach Anspruch 7, in welchem das Verhältnis der durchschnittlichen Raten, mit denen das Gas in den
ersten Teil und in den zweiten Teil zugeführt wird, zwischen 4:1 und 1,2:1 beträgt.

9. Verfahren nach Anspruch 8, wobei ein senkrechtes Rohr oder Hülse, welche(s) die Achse des Reaktor umfasst, in
dem Reaktor vorliegt.

10. Verfahren nach einem der Ansprüche 1 bis 5, wobei eine senkrechte Trennwand in dem Reaktor vorliegt.

11. Gasverteilungsplatte mit Öffnungen für einen Fließbettreaktor zum Polymerisieren eines oder mehrerer Olefine, in
welcher ein nicht-überiappender erster und zweiter Teil unterschieden werden können, wobei jeder Teil eine Fläche
von ein halb der Fläche der Gasverteilungsplatte aufweist, wobei die Gesamtfläche der Öffnungen in dem ersten
Teil mindestens 55% und höchstens 91% der Gesamtfläche der Öffnungen in der Gasverteilungsplatte beträgt, und
in welcher der erste Teil ein zentraler Teil ist, der den Schwerpunkt der Gasverteilungsplatte umfasst, und der zweite
Teil ein peripherer Teil ist, der die Oberfläche der Gasverteilungsplatte außerhalb des zentralen Teils umfasst, oder
der erste und der zweite Teil auf beiden Seiten einer zentralen Linie durch den Schwerpunkt der Gasverteilungsplatte
angeordnet sind.

12. Gasverteilungsplatte nach Anspruch 11, wobei die Gesamtfläche der Öffnungen in einem ersten Teil mit einer
Fläche, die der Hälfte der Gesamtfläche entspricht, mindestens 55% und höchstens 80% der Gesamtfläche der
Öffnungen in der Gasverteilungsplatte beträgt.

13. Fließbettreaktor, der zum Polymerisieren eines oder mehrerer olefinischer Monomere geeignet ist und der an dem
Boden durch eine Gasverteilungsplatte mit Öffnungen für einen Fließbettreaktor zum Polymerisieren eines oder
mehrerer Olefine begrenzt ist, in welcher ein nicht-überlappender erster und zweiter Teil unterschieden werden
können, wobei jeder Teil eine Fläche von ein halb der Fläche der Gasverteilungsplatte aufweist, wobei die Gesamt-
fläche der Öffnungen in dem ersten Teil mindestens 55% und höchstens 91% der Gesamtfläche der Öffnungen in
der Gasverteilungsplatte beträgt, und in welcher der erste Teil ein zentraler Teil ist, der den Schwerpunkt der
Gasverteilungsplatte umfasst, und der zweite Teil ein peripherer Teil ist, der die Oberfläche der Gasverteilungsplatte
außerhalb des zentralen Teils umfasst, oder der erste und der zweite Teil auf beiden Seiten einer zentralen Linie
durch den Schwerpunkt der Gasverteilungsplatte angeordnet sind.

14. Verwendung eines Fließbettreaktors nach Anspruch 13 zum Polymerisieren eines oder mehrerer olefinischer Mo-
nomere.

Revendications

1. Procédé destiné à polymériser un ou plusieurs monomères oléfiniques dans un réacteur à lit fluidisé qui est délimité
au fond par une plaque de distribution de gaz contenant des ouvertures, comprenant l’étape consistant à amener
un gaz jusque dans le réacteur par l’intermédiaire de la plaque de distribution de gaz moyennant quoi la vitesse
moyenne à laquelle le gaz est amené jusque dans le réacteur est supérieure dans une première partie de la plaque
de distribution de gaz, dont la superficie est égale à la moitié de celle de la plaque de distribution de gaz, à la vitesse
moyenne à laquelle le gaz est amené dans une seconde partie recouvrant la superficie de la plaque de distribution
de gaz qui se trouve à l’extérieur de la première partie, caractérisé en ce que la première partie est une partie
centrale qui comprend le centre de gravité de la plaque de distribution de gaz et la seconde partie est une partie
périphérique comprenant la superficie de la plaque de distribution de gaz à l’extérieur de la partie centrale, ou la
première et la seconde partie sont situées au niveau de l’un ou l’autre côté d’une ligne centrale passant par le centre
de gravité de la plaque de distribution de gaz.

2. Procédé selon la revendication 1, dans lequel le procédé comprend en outre l’étape consistant à amener un liquide
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jusque dans le réacteur.

3. Procédé selon la revendication 2, dans lequel, au moins partiellement, le gaz amené est déchargé du réacteur et
est refroidi à tel point qu’une partie, au moins, du gaz se condense, après quoi une partie, au moins, du gaz refroidi
et du condensat obtenu est renvoyée vers le réacteur.

4. Procédé selon la revendication 3, dans lequel le condensat obtenu est amené jusque dans le réacteur via les
ouvertures dans la plaque de distribution de gaz.

5. Procédé selon la revendication 3, dans lequel le condensat obtenu est séparé du gaz refroidi et est renvoyé sépa-
rément vers le réacteur.

6. Procédé selon l’une quelconque des revendications 1 à 5, dans lequel la ligne centrale est une ligne droite.

7. Procédé selon l’une quelconque des revendications 1 à 6, dans lequel le rapport des vitesses moyennes auxquelles
le gaz est amené dans la première partie et dans la seconde partie est compris entre 10 : 1 et 1,1 : 1.

8. Procédé selon la revendication 7, dans lequel le rapport des vitesses moyennes auquel le gaz est amené dans la
première partie et dans la seconde partie est compris entre 4 : 1 et 1,2 : 1.

9. Procédé selon la revendication 8, dans lequel un tube ou manchon vertical qui comprend l’axe du réacteur est
présent dans le réacteur.

10. Procédé selon l’une quelconque des revendications 1 à 5, dans lequel une paroi de séparation verticale est présente
dans le réacteur.

11. Plaque de distribution de gaz avec des ouvertures pour un réacteur à lit fluidisé destiné à polymériser une ou
plusieurs oléfines, dans laquelle une première et seconde parties non chevauchantes peuvent être distinguées,
chaque partie ayant une superficie correspondante à une moitié de la superficie de la plaque de distribution de gaz,
la superficie totale des ouvertures dans la première partie étant au moins 55 % et au plus 91 % de la superficie
totale des ouvertures dans la plaque de distribution de gaz, et dans laquelle la première partie est une partie centrale
qui comprend le centre de gravité de la plaque de distribution de gaz et la seconde partie est une partie périphérique
comprenant la superficie de la plaque de distribution de gaz à l’extérieur de la partie centrale, ou la première et la
seconde parties sont situées au niveau de l’un ou l’autre côté d’une ligne centrale passant par le centre de gravité
de la plaque de distribution de gaz.

12. Plaque de distribution de gaz selon la revendication 11, dans laquelle la superficie totale des ouvertures dans une
première partie ayant une superficie qui est égale à la moitié de la superficie totale est au moins 55 % et au plus
80 % de la superficie totale des ouvertures dans la plaque de distribution de gaz.

13. Réacteur à lit fluidisé qui est approprié pour une polymérisation d’un ou plusieurs monomères oléfiniques, qui est
délimité au fond par une plaque de distribution de gaz avec des ouvertures pour un réacteur à lit fluidisé destiné à
polymériser une ou plusieurs oléfines, dans lequel une première et seconde parties non chevauchantes peuvent
être distinguées, chaque partie ayant une superficie correspondant à une moitié de la superficie de la plaque de
distribution de gaz, la superficie totale des ouvertures dans la première partie étant au moins 55 % et au plus 91 %
de la superficie totale des ouvertures dans la plaque de distribution de gaz, et dans lequel la première partie est
une partie centrale qui comprend le centre de gravité de la plaque de distribution de gaz et la seconde partie est
une partie périphérique comprenant la superficie de la plaque de distribution de gaz à l’extérieur de la partie centrale,
ou la première et la seconde parties sont situées au niveau de l’un ou l’autre côté d’une ligne centrale passant par
le centre de gravité de la plaque de distribution de gaz.

14. Procédé destiné à utiliser un réacteur à lit fluidisé selon la revendication 13 pour polymériser un ou plusieurs
monomères oléfiniques.
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