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APPARATUS AND PROCESS FOR THE GAS-PHASE POLYMERIZATION

FIELD OF THE INVENTION

[0001] The present disclosure provides an apparatus for carrying out a gas-phase olefin
polymerization. The present disclosure further provides processes for preparing an olefin polymer
at temperatures of from 20°C to 200°C and pressures of from 0.5 MPa to 10 MPa in the presence

of a polymerization catalyst.

BACKGROUND OF THE INVENTION

[0002] Polyolefins are by far the largest class of synthetic polymers made and used today.
Their success is mainly due to low costs of production, light weight and high chemical resistance.
A wide range of mechanical properties is possible through the use of copolymerization, blending
and additives to make products from elastomers to thermoplastics to high strength fibers. Alt-
hough well-established since the 1930’s, improving the production process and performance of

these materials is still the subject of ongoing research.

[0003] Today, a widely-used technology for the production of polyolefins is the gas-phase
polymerization in which solid polyolefin particle are produced in a gaseous reaction medium con-
taining the monomers. Commonly, the generated heat of reaction is removed by withdrawing the
reaction gas mixture from the reactor, cooling the gas mixture in a heat exchanger and sending
the cooled gas mixture then back into the reactor. The composition of the polymer can be con-
trolled by the composition of the gas-phase. However, limits of gas-phase polymerization pro-
cesses are the difficulty of controlling the molecular weight distribution of the obtained polymers,
in particular when it comes to broadening the molecular weight distribution, or to obtain copoly-
mers having different comonomer compositions. Since the breadth of the molecular weight distri-
bution and the comonomer distribution have an influence on both the rheological behavior of the
polymer, and hence the processability of the melt, and on the final mechanical properties of the
product, it would be attractive to be able to adapt the structure of the prepared polymers accord-
ing to need. One major focus of research and industry has therefore been on strategies to be
able to influence the composition of polyolefins.

[0004] WO 97/04015 A1 refers to a process for the gas-phase polymerization of a-olefins car-
ried out in a first and in a second interconnected polymerization zone, to which one or more of
a-olefins are fed in the presence of a polymerization catalyst under reaction conditions and from
which the polymer product is discharged, wherein the growing polymer particles flow upward
through the first of the polymerization zones under fast fluidization conditions, leave the first
polymerization zone and enter the second of the polymerization zones through which the polymer
particles flow in a densified form under the action of gravity, leave the second polymerization zone
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and are at least partially reintroduced into the first polymerization zone, thus establishing a circu-

lation of polymer between the two polymerization zones.

[0005] Based on the technology described in WO 97/04015 A1, WO 00/02929 A1 further
suggests a process wherein means are provided which are capable of totally or partially prevent-
ing the gas mixture present in the riser, i.e. the first polymerization zone, from entering the down-
comer, i.e. the second polymerization zone, and a gas and/or liquid mixture having a composition
different from the gas mixture present in the riser is introduced into the downcomer in order to
achieve in-reactor made blends of polymers having different compositions. Similarly,

US 10,781,273 B2 describes apparatuses for producing multimodal polyolefins which comprise a
reactor comprising a riser, a downcomer, a separator connected to the top of the downcomer, op-
tionally via a liquid barrier in the top portion of the downcomer, and two conduits connecting the
top of the riser with the separator and the bottom of the downcomer with the bottom of the riser.

[0006] WO 2012/031986 A1 suggests a gas-phase polymerization reactor having intercon-
nected polymerization zones comprising a riser through which the polymer particles flow upward
under fast fluidization conditions or transport conditions; and a downcomer through which the pol-
ymer particles flow downward in a densified form under the action of gravity, the bottom of said
downcomer being connected to the lower region of said riser by means of a transport section, said
transport section being designed as a bend descending from the downcomer to the riser. The re-
actor is further provided with a line for feeding a carrier gas at the inlet of the transport section and
the transport section is provided with a gas distribution grid extending from the inlet of the
transport section for an angle of at least 50° along the bending of the transport section.

[0007] WO 2019/154756 A1 discloses polymerization reactors for the gas-phase polymeriza-
tion of olefins comprising a gas recycle line for withdrawing reaction gas from the reactor, leading
the reaction gas through a heat exchanger for cooling and feeding the reaction gas back to the
reactor, wherein the gas recycle line is equipped with the heat-exchanger, a centrifugal compres-

sor comprising variable guide vanes, and a butterfly valve.

[0008] Although there has been a continuous development of the gas-phase polymerization,
there is still the need for further improvement, in particular with respect to the operability of gas-
phase polymerization reactors having interconnected polymerization zones in combination with a
full flexibility in controlling the polymer composition of the produced polymers. The gas-phase
polymerization reactors should provide a good separation efficiency in the gas/solid separation
zone installed on top of the downcomer, reduced polymer friction among adjacent polymer parti-
cles and between the polymer particles and the reactor wall, a low pressure drop in the connect-
ing elements connecting the riser, the downcomer and the gas recycle line and the intersections
between the connecting elements and riser, downcomer or gas recycle line, and a good immer-
sion and homogenization of the polymer particles leaving the downcomer in the gas stream



10

15

20

25

30

35

40

WO 2021/116156 PCT/EP2020/085233

coming from the gas recycle line and fast fluidizing or transporting the polymer particles in the
riser in combination with an ease of construction and in particular the possibility to limit the overall
height of the reactor.

SUMMARY OF THE INVENTION

[0009] The present disclosure provides an apparatus for carrying out a gas-phase olefin
polymerization comprising

- a first polymerization zone adapted and arranged for growing polymer particles to flow up-
ward under fast fluidization or transport conditions comprising a cylindrical segment having
a diameter DO1;

- a second polymerization zone adapted and arranged for the growing polymer particles to
flow downward comprising a cylindrical upper part having a diameter D05 and a cylindrical
lower part having a diameter D06;

- a gas/solid separation zone of a cylindrical shape having a diameter D04 adapted and ar-
ranged for separating growing polymer particles from a gas flow which is arranged on top of
the upper part of the second polymerization zone and is directly connected to the upper
part of the second polymerization zone;

- a tubular first connecting element having a diameter D03 adapted and arranged for con-
necting the cylindrical segment of the first polymerization zone to the gas/solid separation
Zone;

- a tubular gas recycle line having a diameter D08 adapted and arranged for connecting the
gas/solid separation zone to the first polymerization zone;

- a tubular transition segment having a diameter D02 arranged between the gas recycle line
and the cylindrical segment of the first polymerization zone; and

- a tubular second connecting element having a diameter D09 adapted and arranged for con-

necting the lower part of the second polymerization zone to the transition segment;

wherein the gas recycle line is equipped with a compressor adapted and arranged for circulating
gas in the gas recycle line and a heat exchanger adapted and arranged for removing heat from
the gas flowing in the gas recycle line;

wherein the ratio of D04 to D05 is from 1.0 to 1.5 and the ratio of D05 to D06 is from 1.2 to 2;
wherein the first connecting element is a bend having a radius R03 or is a tubular element com-

prising one or more bend parts having one or more radiuses R03 and one or more linear parts
and the ratio of R03 to D03 is from 1 to 6 and the ratio of D03 to D01 is from 0.3 to 0.85;
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wherein the first connecting element comprises a connecting piece, the first connecting element
and the gas/solid separation zone are connected by the connecting piece, and the connection of
the connecting piece to the gas/solid separation zone is tangential and has an inclination so that
the central axis of the connecting piece and the horizontal form an angle A16 and the angle A16
is in the range from 0° to 40°;

wherein the transition segment is a bend or is a tubular element comprising one or more bend
parts and one or more linear parts and the ratio of D08 to D02 is 1.0 to 2.2; and

wherein the second connecting element is a bend or is a tubular element comprising one or more
bend parts and one or more linear parts.

[0010] In some embodiments, the central axis of the second connecting element at the posi-
tion where the second connecting element is connected to the transition segment and the hori-
zontal form an angle A02 and the angle A02 is in the range from 0° to 40°.

[0011] In some embodiments, the apparatus further comprises a line for feeding a barrier gas

and/or liquid into the upper part of the second polymerization zone.

[0012] In some embodiments, the apparatus further comprises a line for feeding a transport
gas into an upper part of the second connecting element.

[0013] In some embodiments, the second connecting element is provided with a gas distribu-
tion grid extending from the upper end of the second connecting element for an angle A09 of at

least 50° along the bending of the second connecting element.

[0014] In some embodiments, the second polymerization zone comprises a throttling valve and
the apparatus further comprises a line for feeding a dosing gas into the lower part of the second
polymerization zone at one or more positions above the throttling valve.

[0015] In some embodiments, the compressor is a centrifugal compressor comprising variable
guide vanes and the gas recycle line is further equipped with a butterfly valve.

[0016] In some embodiments, the variable guide vanes are arranged upstream of the centrifu-
gal compressor and the butterfly valve is arranged downstream of the centrifugal compressor

[0017] In some embodiments, the gas/solid separation zone has a height HO4 and the ratio of
HO04 to D04 is 2.5 t0 4.5.
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[0018] In some embodiments, the upper part of the second polymerization zone has a height
HO5 and the ratio of HO5 to D05 is 2 to 4.

[0019] In some embodiments, the apparatus is part of a series of polymerization reactors.

[0020] The present disclosure further provides a process for carrying out a gas-phase olefin
polymerization in the apparatus of any of claims 1 to 11 at temperatures of from 20°C to 200°C
and pressures of from 0.5 MPa to 10 MPa in the presence of a polymerization catalyst, compris-
ing feeding one or more olefins into the apparatus, contacting the olefins and the polymerization
catalyst under reaction conditions and discharging the polymer product from the apparatus,
wherein the growing polymer particles flow upward through the first polymerization zone under
fast fluidization or transport conditions, leave the first polymerization zone, pass through the
gas/solid separation zone and enter the second polymerization zone where the polymer particles
flow downward under the action of gravity, leave the second polymerization zone and are at least
partially reintroduced into the first polymerization zone, thus establishing a circulation of polymer
between the first polymerization zone and the second polymerization zone, wherein the second

polymerization zone comprises a bed of densified polymer particles.

[0021] In some embodiments, the gas mixture present in the first polymerization zone is com-
pletely or partially prevented from entering the upper part of the second polymerization zone by
introducing a gas or liquid into the second polymerization zone via a feeding line, and the gas mix-
ture present in the second polymerization zone differs from the gas mixture present in the first

polymerization zone.

[0022] In some embodiments, the surface of the bed of densified polymer particles is located

in the upper part of the second polymerization zone.

[0023] In some embodiments, the polymerization is a homopolymerization of ethylene or a
copolymerization of ethylene and one or more other olefins selected from the group consisting of
1-butene, 1-hexene and 1-octene or the polymerization is a homopolymerization of propylene or a
copolymerization of propylene and one or more other olefins selected from the group consisting of
ethylene, 1-butene and 1-hexene.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0024] Figure 1 shows schematically an embodiment of the apparatus according to the present

disclosure.

[0025] Figure 2 is an enlarged excerpt of a top part of a second polymerization zone according
to the present disclosure.

[0026] Figure 3 shows schematically a top view on an embodiment of the apparatus according

to the present disclosure.

[0027] Figures 4 and 5 show schematically two preferred embodiments of first connecting ele-
ments of the present disclosure.

[0028] Figures 6 and 7 show schematically two preferred embodiments of transition segments

and second connecting elements of the present disclosure.

DETAILED DESCRIPTION OF THE INVENTION

[0029] Within the course of the present disclosure, the inventors have found that by adapting
the design of apparatuses for carrying out gas-phase olefin polymerizations comprising a first
polymerization zone in which growing polymer particles flow upward under fast fluidization or
transport conditions and comprising a second polymerization zone in which the growing polymer
particles flow downward, i.e. by adapting the design of so-called multizone circulation reactors
(MZCR), and paying special attention to the geometric ratios among the different parts of the ap-
paratuses, it is possible to provide a good separation efficiency in the gas/solid separation zone
installed on top of the second polymerization zone, to have reduced polymer friction among adja-
cent polymer particles and between the polymer particles and the walls of the apparatus, to obtain
a low pressure drop in the connecting elements connecting the first polymerization zone, the sec-
ond polymerization zone and the gas recycle line and the intersections between the connecting
elements and first polymerization zone, second polymerization zone or gas recycle line, and to
achieve a good immersion and homogenization of the polymer particles leaving the second
polymerization zone in the gas stream coming from the gas recycle line and fast fluidizing or
transporting the polymer particles in the first polymerization zone. At the same time, the apparat-
uses are easy to construct and it is possible to limit the overall height of the apparatuses.
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[0031] The present disclosure accordingly provides an apparatus for carrying out a gas-phase
olefin polymerization comprising

- a first polymerization zone adapted and arranged for growing polymer particles to flow up-
ward under fast fluidization or transport conditions;

- a second polymerization zone adapted and arranged for the growing polymer particles to
flow downward;

- a gas/solid separation zone adapted and arranged for separating growing polymer particles
from a gas flow which is arranged on top of the second polymerization zone and is directly
connected to the second polymerization zone;

- a first connecting element adapted and arranged for connecting the top of the first polymeri-
zation zone to the gas/solid separation zone,;

- a gas recycle line adapted and arranged for connecting the gas/solid separation zone to the
bottom of the first polymerization zone; and

- a second connecting element adapted and arranged for connecting the bottom of the sec-
ond polymerization zone to the bottom of the first polymerization zone.

[0032] In preferred embodiments of the present disclosure, a line for catalyst feed or for feed
of polymer particles from an upstream polymerization reactor is arranged on the first polymeriza-
tion zone and a polymer discharge line is located at a bottom portion of the second polymerization
zone. The introduction of make-up monomers, comonomers, hydrogen and/or inert components
may occur at various points along the first or the second polymerization zone or at the gas recycle
line.

[0033] Olefins which may be polymerized in the apparatus of the present disclosure are espe-
cially 1-olefins, i.e. hydrocarbons having terminal double bonds, without being restricted thereto.
Preference is given to nonpolar olefinic compounds. Particularly preferred 1-olefins are linear or
branched C2-C12-1-alkenes, in particular linear C2-C10-1-alkenes such as ethylene, propylene,
1-butene, 1-pentene, 1-hexene, 1-heptene, 1-octene, 1-decene or branched C2-C1o-1-alkenes
such as 4-methyl-1-pentene, conjugated and nonconjugated dienes such as 1,3-butadiene,
1,4-hexadiene or 1,7-octadiene. It is also possible to polymerize mixtures of various 1-olefins.
Suitable olefins also include ones in which the double bond is part of a cyclic structure which can
have one or more ring systems. Examples are cyclopentene, norbornene, tetracyclododecene or
methylnorbornene or dienes such as 5-ethylidene-2-norbornene, norbornadiene or ethylnorborna-
diene. ltis also possible to polymerize mixtures of two or more olefins.

[0034] The apparatus of the present disclosure can be used for the homopolymerization or
copolymerization of ethylene or propylene. Preferred comonomers in propylene polymerization
are up to 40 wt.% of ethylene, 1-butene and/or 1-hexene, preferably from 0.5 wt.% to 35 wt.% of
ethylene, 1-butene and/or 1-hexene. As comonomers in ethylene polymerization, preference is
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given to using up to 20 wt.%, more preferably from 0.01 wt.% to 15 wt.% and especially from
0.05 wt.% to 12 wt.% of Cs-Cs-1-alkenes, in particular 1-butene, 1-pentene, 1-hexene and/or
1-octene. Particular preference is given to polymerizations in which ethylene is copolymerized
with from 0.1 wt.% to 12 wt.% of 1-hexene and/or 1-butene.

[0035] The apparatus of the present disclosure comprises a first polymerization zone adapted
and arranged for growing polymer particles to flow upward under fast fluidization or transport con-
ditions. Such polymerization zones are commonly designated as risers. The first polymerization
zone comprises a cylindrical segment having a diameter DO1. Within the first polymerization
zone, fast fluidization conditions or transport are established by a stream of a reaction gas mixture
flowing from the bottom of the first polymerization zone to the top of the first polymerization zone
at a velocity higher than the transport velocity of the polymer particles. The velocity of the reac-
tion gas mixture is preferably from 0.5 m/s to 15 m/s and in particular from 0.8 m/s to 5 m/s. The
terms "transport velocity" and "fast fluidization conditions" are well known in the art and used
herein as defined in “D. Geldart, Gas Fluidization Technology, page 155 et seq., J. Wiley & Sons
Ltd., 1986”.

[0036] The apparatus of the present disclosure further comprises a second polymerization
zone adapted and arranged for the growing polymer particles to flow downward. Such polymeri-
zation zones are commonly designated as downcomers. Other common designations for such a
polymerization unit are "moving bed" unit or reactor or "settled bed" unit or reactor. The second
polymerization zone comprises a cylindrical upper part having a diameter D05 and a cylindrical
lower part having a diameter D06. Within the second polymerization zone, the growing polymer
particles preferably flow downward in a densified form under the action of gravity. As used herein,
the term "densified form" of the polymer means that the ratio between the mass of polymer and
the reactor volume is higher than 80% of the "poured bulk density" of the resulting polymer. For
examples, when a polymer bulk density is equal to 420 kg/m?, a "densified form" of the polymer
means that the polymer mass/reactor volume ratio is at least 336 kg/m?® .The "poured bulk den-
sity" of a polymer is a parameter measured according to DIN EN ISO 60:1999. Typically, the sec-
ond polymerization zone contains a bed of growing polymer particles, which moves downwards in
a substantially plug flow mode. By "plug flow mode" it is meant that there is little or preferably no
backmixing of the polymer particles. In preferred embodiments, the polymer particles flow down-
wards with a velocity of from 0.01 m/s to 0.7 m/s, preferably from 0.1 m/s to 0.6 m/s, and more
preferably from 0.15 m/s to 0.5 m/s.

[0037] The apparatus of the present disclosure further comprises a gas/solid separation zone
of a cylindrical shape adapted and arranged for separating growing polymer particles from a gas
flow. The gas/solid separation zone is arranged on top of the upper part of the second polymeri-
zation zone and is directly connected to the upper part of the second polymerization zone. The
gas/solid separation zone has a diameter D04. In the gas/solid separation zone, the mixture of
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growing polyolefin particles and reaction gas coming from the first polymerization zone through
the first connection element is separated in reaction gas and polymer particles. The polymer par-
ticles enter the second polymerization zone and the separated reaction gas mixture coming from
the first polymerization zone is transferred into the gas recycle line for being recycled to the first

polymerization zone.

[0038] Preferably, the apparatus of the present disclosure comprises a line for feeding a gas
and/or liquid into the upper part of the second polymerization zone. Preferably, the gas and/or lig-
uid is a barrier fluid which is fed in form of a gas and/or liquid mixture. Feeding a barrier fluid al-
lows establishing different polymerization conditions in the first and in the second polymerization
zone by partially or totally prevented reaction gas mixture of the first polymerization zone from en-
tering the second polymerization zone. The barrier fluid should have a suitable composition, dif-
ferent from that of the reaction gas mixture present in the first polymerization zone. The amount
of added barrier fluid is preferably adjusted in a way that an upward flow of gas countercurrent to
the flow of the polymer particles is generated at the top of the second polymerization zone, acting
as a barrier to the gas mixture entrained with the polymer particles coming from the gas/solid sep-
aration zone. The barrier fluid comes preferably from a recycle gas stream and is more preferably
obtained by partly condensing the stream. As a consequence, the barrier fluid may contain, be-
sides the monomers to be polymerized, also inert compounds used as a polymerization diluent
like nitrogen or alkanes having from 1 to 10 carbon atoms, hydrogen or other components of the
reaction gas mixture.

[0039] In preferred embodiments of the present disclosure, the surface of the bed of densified
polymer particles is located in the upper part of the second polymerization zone. Preferably, the
gas and/or liquid acting as barrier fluid for partially or totally preventing the reaction gas mixture of
the first polymerization zone from entering the second polymerization zone is fed into the bed of
densified polymer particles at a position close to the surface of the bed of densified polymer parti-

cles.

[0040] In preferred embodiments of the present disclosure, the apparatus further comprises
additional feeding lines for feeding a gas and/or a liquid into the second polymerization zone.
These additional feeding lines may be utilized for replacing reacted monomers and for controlling
the gas flow within the second polymerization zone. The feed streams preferably comprise the
main monomer of the polymerization and may further comprise one or more comonomers, inert
components such as propane, or hydrogen. Depending on the amounts of gas and/or a liquid
added to the second polymerization zone and the pressure conditions within the second polymeri-
zation zone, the gaseous medium surrounding the polymer particles can be designed to move
downwards concurrently with the polymer particles or upward countercurrently to the polymer par-
ticles. When feeding liquid streams to the second polymerization zone, these liquid streams pref-

erably vaporize within the second polymerization zone, contributing to the composition of the
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reaction gas mixture within the second polymerization zone. When operating the second
polymerization zone with more than one additional feed stream, the feeding points for introducing
the gas and/or liquid into the second polymerization zone are preferably evenly distributed over
the height of the second polymerization zone. It is also possible to feed through the different
feeding lines gas and/or liquid mixtures of different composition and in this way establishing in dif-
ferent parts of the second polymerization zone sub-zones having different reaction gas composi-
tions resulting in the production of polymer of different composition.

[0041] The apparatus of the present disclosure is characterized in that the ratio of the diameter
of the gas/solid separation zone D04 to the diameter of the upper part of the second polymeriza-
tion zone D05, i.e. the ratio of D04 to D05, is from 1.0 to 1.5, preferably from 1.05 to 1.4 and more
preferably from 1.08 to 1.3. Keeping the ratio of the diameter of the gas/solid separation zone to
the diameter of the upper part of the second polymerization zone in such a range allows as well to
have an efficient gas/solid separation in the separation zone, i.e. to have a very limited carry-over
of polymer particles in the gas leaving the separation zone, as to ensure a good separation of the
reaction gas mixture present in the first polymerization zone from the reaction gas mixture present
within the second polymerization zone.

[0042] In preferred embodiment of the present disclosure, the gas/solid separation zone has a
height HO4 and the ratio of the height of the gas/solid separation zone H04 to the diameter of the
gas/solid separation zone D04, i.e. the ratio of HO4 to D04, is from 2.5 to 4.5, preferably from 2.8
to 4.2 and more preferably from 2.9 to 4. Keeping the ratio of the height of the separation zone to
the diameter of the separation zone in such a range allows for an effective separation of the
gas/solid mixture introduced into the separation zone from the first polymerization zone. Further,
polymer carry-over in the gas leaving the separation zone can be avoided or sensibly reduced,
even in cases where the level of polymer particles in the second polymerization zone is particu-
larly high.

[0043] The apparatus of the present disclosure is further characterized in that the ratio of the
diameter of the upper part of the second polymerization zone D05 to the diameter of the lower
part of the second polymerization zone D08, i.e. the ratio of D05 to D08, is from 1.2 to 2, prefera-
bly from 1.3 to 1.8 and more preferably from 1.4 to 1.7. Designing the second polymerization
zone in such a way facilitates the separation of the reaction gas mixture present in the first
polymerization zone and the gas mixture present in the second polymerization zone. Construct-
ing the second polymerization zone with an upper part of a larger diameter than the diameter of a
lower part results in a lower velocity of the polymer particles in the upper part of the second
polymerization zone, where the barrier gas and/or liquid is introduced, than in the lower part of the
second polymerization zone, avoiding fluidization which would prevent the barrier from being ef-
fective.



10

15

20

25

30

35

40

WO 2021/116156 PCT/EP2020/085233

11

[0044] It was further found that the risk of an overflow of the upper part of the second polymeri-
zation zone, which would negatively affect the separation efficacy of the gas/solid separation
zone, could be minimized by not only ensuring a sufficient height of the upper part of the second
polymerization zone but also by ensuring a large enough diameter D05 of the upper part of the
second polymerization zone. In preferred embodiments, the upper part of the second polymeriza-
tion zone has a height H05 and the ratio of the height of the upper part of the second polymeriza-
tion zone HO5 and the diameter of the upper part of the second polymerization zone D05, i.e. the
ratio of HO5 to D05 is 2 to 4, preferably 2 to 3.8, more preferably 2 to 3.6.

[0045] In preferred embodiments, the gas/solid separation zone and the upper part of the sec-
ond polymerization zone are connected by a first connecting part, wherein the diameter of the first
connecting part decreases from the diameter of the gas/solid separation zone D04 to the diameter
of the upper part of the second polymerization zone D05. The upper part of the second polymeri-
zation zone and the lower part of the second polymerization zone are preferably connected by
way of a second connecting part, wherein the diameter of the second connecting part decreases
from the diameter of the upper part of the second polymerization zone D05 to the diameter of the
lower part of the second polymerization zone D06. In preferred embodiments of the first and/or of
the second connecting part, the diameter of the first and/or of the second connecting part de-
creases constantly. The first connecting part and the second connecting part then have a frusto-
conical shape. It is however also possible that the first and/or the second connecting part have a
shape of a spherical frustum or the diameter decreases in another way. Preferably, the first con-
necting part has a frusto-conical shape. The surface of the first connecting part and the vertical
then form an angle A07a which is preferably 5° to 25°, more preferably 8° to 20° and in particular
10° to 15°. Also the second connecting part has preferably a frusto-conical shape. The surface
of the second connecting part and the vertical then form an angle A07b which is preferably 5° to
25°, more preferably 8° to 20° and in particular 10° to 15°. It was found that a smooth downward
flow of the polymer through the second polymerization zone could be ensured when the angles
AO07a and A07b were kept within the set limits and stagnation of the polymer powder, usually re-

sulting in chunk formation, could be significantly reduced.

[0046] The apparatus of the present disclosure further comprises a tubular gas recycle line
adapted and arranged for connecting the gas/solid separation zone to the first polymerization
zone and a tubular transition segment arranged between the gas recycle line and the cylindrical
segment of the first polymerization zone. The gas recycle line has a diameter D08 and the transi-

tion segment has a diameter D02.

[0047] In preferred embodiments, the gas recycle line and the transition segment are con-
nected by a fourth connecting part, wherein the diameter of the fourth connecting part increases
from the diameter of the gas recycle line D08 to the diameter of the transition segment D02. In
preferred embodiments of the fourth connecting part, the diameter increases constantly and the
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fourth connecting part has a frusto-conical shape. It is however also possible that the diameter

increases in another way.

[0048] The gas recycle line is equipped with a compressor adapted and arranged for circulat-
ing gas in the gas recycle line and a heat exchanger adapted and arranged for removing heat
from the gas flowing in the gas recycle line. In preferred embodiments of the present disclosure,
the compressor is a centrifugal compressor comprising variable guide vanes and the gas recycle
line is further equipped with a butterfly valve. Preferably, the variable guide vanes are arranged
upstream of the centrifugal compressor and the butterfly valve is arranged downstream of the
centrifugal compressor. Circulating the gas in the gas recycle line by a centrifugal compressor
comprising variable guide vanes and further equipping the gas recycle line with a butterfly valve
allows in a simple manner to manipulate the gas flow rate while keeping constant the differential
pressure across the compressor or to vary the differential pressure across the compressor while

keeping the gas flow rate constant.

[0049] The transition segment is characterized to be a bend or a tubular element comprising
one or more bend parts and one or more linear parts and the ratio of the diameter of the gas recy-
cle line D08 to the diameter of the transition segment D02, i.e. the ratio of D08 to D02 is from 1.0
to 2.2, preferably from 1.2 to 2.0 and more preferably from 1.3 to 1.9.

[0050] In preferred embodiments, the transition segment and the cylindrical segment of the
first polymerization zone are connected by a fifth connecting part, wherein the diameter of the fifth
connecting part increases from the diameter of the transition segment D02 to the diameter of the
cylindrical segment of the first polymerization zone D01. In preferred embodiments of the fifth
connecting part, the diameter increases constantly and the fifth connecting part has a frusto-coni-
cal shape.

[0051] The shape ofthe transition segment comprised in the apparatus of the present disclo-
sure contributes to the excellent operability of polymerizations in the apparatus by ensuring the
fast fluidization or transport conditions in the first polymerization zone with a low pressure drop in
the gas recycle line and in the intersection between gas recycle line and first polymerization zone,
by giving an efficient pick up of the polymer particles coming from the second connecting element
by the recycle gas stream with an immediate transport of the polymer particles into the first
polymerization zone, and by providing a minimum polymer friction among adjacent polymer parti-
cles and between the polymer particles and the wall of the transition segment, and, at the same
time, minimizes the required space below the polymerization zones and gives an improved layout

of the recycle system.

[0052] The apparatus of the present disclosure further comprises a tubular first connecting ele-
ment having a diameter D03 adapted and arranged for connecting the cylindrical segment of the
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first polymerization zone to the gas/solid separation zone and a tubular second connecting ele-
ment having a diameter D09 adapted and arranged for connecting the lower part of the second
polymerization zone to the transition segment.

[00563] The combination of a first polymerization zone in which growing polymer particles flow
upward, a second polymerization zone in which growing polymer particles flow downward, a
gas/solid separation zone arranged on top of the second polymerization zone, and two connecting
elements connecting the top of the first polymerization zone to the gas/solid separation zone and
connecting the bottom of the second polymerization zone to an element which is connected to the
bottom of the first polymerization zone allows to establish a circulation of polymer particles be-
tween the two polymerization zones and the polymer particles are passed alternately a plurality of

times through these zones.

[0054] The first connecting element is characterized to be a bend having a radius R0O3 or to be
a tubular element comprising one or more bend parts having one or more radiuses R03 and one
or more linear parts, and the ratio of the radius R03 of the bend or the one or more radiuses R03
of the one or more bend parts and the diameter of the first connecting element D03, i.e. the ratio
of RO3 to D03, is from 1 to 6, preferably from 1 to 5 and more preferably from 1 to 4. In some em-
bodiments of the present disclosure, the radius R03 of the bend or the one or more radiuses R03
of the one or more bend parts may vary, i.e. different parts of the bend or different bend parts may
have different radiuses provided that all radiuses RO3 fulfil the condition of being in the defined
ratio of the radius of the bend or of the one or more bend parts and the diameter of the first con-

necting element.

[0055] The first connecting element is further characterized in that the ratio of the diameter of
the first connecting element D03 to the diameter of the cylindrical segment of the first polymeriza-
tion zone D01, i.e. the ratio of D03 to D01, is from 0.3 to 0.85, preferably from 0.35 to 0.7 and
more preferably from 0.4 to 0.65.

[0056] In preferred embodiments, the cylindrical segment of the first polymerization zone and
the first connecting element are connected by a sixth connecting part, wherein the diameter of the
sixth connecting part decreases from the diameter of the cylindrical segment of the first polymeri-
zation zone D01 to the diameter of the first connecting element D03. In preferred embodiments of
the sixth connecting part, the diameter decreases constantly and the sixth connecting part has a
frusto-conical shape. In other preferred embodiments, the sixth connecting part has a shape of a

spherical frustum. It is however also possible that the diameter increases in another way.

[0057] The first connecting element is additional characterized in that the first connecting ele-
ment comprises a connecting piece, that the first connecting element and the gas/solid separation
zone are connected by the connecting piece, and that the connection of the connecting piece to
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the gas/solid separation zone is tangential and has an inclination so that the central axis of the
connecting piece and the horizontal form an angle A16 which is in the range from 0° to 40°, pref-
erably from 0° to 30° and more preferably from 0° to 20°.

[0058] Preferably, the shape of the connecting piece is adapted to the shape of the gas/solid
separation zone, for example by having a diameter which is decreasing along the connecting
piece. ltis also possible that the connecting piece forms a bend, either with constant diameter or
with decreasing diameter.

[0059] The shape of the first connecting element comprised in the apparatus of the present
disclosure contributes to the excellent operability of polymerizations in the apparatus by providing
a suitable transport velocity for the transfer of polymer particles from the first polymerization zone
to the gas/solid separation zone, a minimum polymer friction among adjacent polymer particles
and between the polymer particles and the wall of the first connecting element, and, at the same
time, an improved separation efficiency in the gas/solid separation zone.

[0060] The second connecting element is characterized to be a bend or to be a tubular ele-
ment comprising one or more bend parts and one or more linear parts.

[0061] In preferred embodiments, the lower part of the second polymerization zone and the
second connecting element are connected by a third connecting part wherein the diameter of the
third connecting part decreases from the diameter of the lower part of the second polymerization
zone D06 to the diameter of the second connecting element D09. In preferred embodiments of
the third connecting part, the diameter decreases constantly and the third connecting part has a
frusto-conical shape. The surface of the third connecting part and the vertical then form an angle
AO07c which is preferably 5° to 25°, more preferably 8° to 20° and in particular 10° to 15°.

[0062] In preferred embodiments of the present disclosure, the central axis of the second con-
necting element at the position where the second connecting element is connected to the transi-
tion segment and the horizontal form an angle A02 and the angle AQ2 is in the range from 0° to
40°, preferably 5° to 30° and more preferably 10° to 25°.

[0063] In preferred embodiments of the present disclosure, the bottom of the second polymeri-
zation zone is equipped with a throttling valve for controlling the flow of the growing polymer parti-
cles leaving the second polymerization zone. The throttling valve is preferably a mechanical
valve, such as a simple or double butterfly valve or a ball valve. Preferably, a stream of a gas
which may be denominated as "dosing gas" is fed into the lower part of the second polymerization
zone at one or more positions above the throttling valve, preferably shortly above the throttling
valve, to facilitate the flow of the growing polymer particles through the throttling valve. The dos-
ing gas is preferably taken from the gas recycle line downstream of the compressor. By varying
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the opening of the throttling valve and/or varying the flow rate of the dosing gas, it is possible to
adjust the velocity of the polymer particles within the second polymerization zone. The throttling
valve is preferably arranged at the bottom of the lower part of the second polymerization zone.

[0064] In preferred embodiments of the present disclosure, the apparatus further comprises a
line for feeding a transport gas into an upper part of the second connecting element. Such a
transport gas stream is preferably introduced into the second connecting element at a position
close to the upper end of the second connecting element for supporting the transfer of the poly-
mer particles from the bottom of the second polymerization zone to the bottom of the first
polymerization zone. The transport gas is preferably taken from the gas recycle line downstream
of the compressor. Preferably, the second connecting element is provided with a gas distribution
grid extending from the upper end of the second connecting element for an angle A09 of at least
50° along the bending of the second connecting element.

[0065] The shape ofthe second connecting element comprised in the apparatus of the present
disclosure contributes to the excellent operability of polymerizations in the apparatus by reliably
transferring polymer particles from the second polymerization zone to the transition segment with-
out formation of polymer deposition on the walls of the second connecting element, or formation
of hot spots and melting of polymer in the second connecting element and by minimizing polymer
friction among adjacent polymer particles and between the polymer particles and the wall of the
second connecting element.

[0066] In preferred embodiments of the present disclosure, the diameters of the cylindrical
segment of the first polymerization zone, of the upper and the lower parts of the second polymeri-
zation zone, of the gas/solid separation zone, of the first and the second connecting elements, of
the gas recycle line, and of the transition segment are constant over the entire length of the com-
ponent. A constant diameter within the meaning of the present disclosure is to be understood in
that the respective diameter deviates from any given value by less than 5%, preferably by less
than 2%, more preferably by less than 0.5% and specifically by less than 0.1%.

[0067] Within the course of the present disclosure it becomes evident that the first polymeriza-
tion zone, i.e. the region of the apparatus in which growing polymer particles flow upward under
fast fluidization or transport conditions, commonly not only comprises the cylindrical segment but
that also the fifth and the sixth connecting parts and parts of the transition segment and the first
connecting element. The second polymerization zone commonly comprises besides the upper
and the lower cylindrical parts the third connecting part.
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[0069] Figure 1 shows schematically an apparatus according to the present disclosure.

[0070] The apparatus shown in Figure 1 is an apparatus for polymerizing olefins in the gas-
phase and comprises a first polymerization zone and a second polymerization zone which are re-
peatedly passed by the polyolefin particles. Within the first polymerization zone, the polyolefin
particles flow upward under fast fluidization conditions. Within the second polymerization zone,
the polyolefin particles flow downward under the action of gravity. The first polymerization zone
comprises a cylindrical segment (1) and the second polymerization zone comprises a cylindrical
upper part (5) and a cylindrical lower part (6). The cylindrical segment (1) of the first polymeriza-
tion zone and the upper part (5) and the lower part (6) of the second polymerization zone are ap-
propriately interconnected by a first connecting element (3) and a second connecting element (9).

[0071] After flowing through the cylindrical segment (1) of the first polymerization zone, the
polyolefin particles and the reaction gas mixture are transferred into the solid/gas separation zone
(4) through the first connecting element (3), which is connected to the gas/solid separation zone
(4) by a connecting piece (16). From the solid/gas separation zone (4), the polyolefin particles en-
ter the upper part (5) of the second polymerization zone. The gas/solid separation zone (4) is
connected to the upper part (5) of the second polymerization zone by a first connecting part (7a)
and the upper part (5) of the second polymerization zone is connected to the lower part (6) of the
second polymerization zone by a second connecting part (7b). The lower part (6) of the second
polymerization zone is connected to the second connecting element (9) by a third connecting part
(70).

[0072] The reaction gas mixture leaving the gas/solid separation zone (4) is recycled to the
first polymerization zone by means of a gas recycle line (8) and a transition segment (2). The gas
recycle line (8) is equipped with a centrifugal compressor (15) comprising variable guide vanes
(17) and a heat exchanger (14). The gas recycle line (8) further comprises, downstream of heat
exchanger (14), a butterfly valve (18). Between the compressor (15) and the heat exchanger
(14), a line (19) branches off for conveying a part of the recycle gas as transport gas though line
(20) into the second connecting element (9) and, as dosing gas, through line (21) into the lower
part (6) of the second polymerization zone. The main amount of the recycle gas is transferred
through the heat exchanger (14) and the butterfly valve (18) to the transition segment (2) and then
entered into the first polymerization zone, so as to establish fast fluidization conditions therein.
The gas recycle line (8) and the transition segment (2) are connected by a fourth connecting part
(7d). The transition segment (2) is connected to the cylindrical segment (1) of the first polymeriza-
tion zone by a fifth connecting part (7e).

[0073] For supplying the apparatus with fresh catalyst, a suspension of a solid catalyst compo-
nent is fed via line (10) into the cylindrical segment (1) of the first polymerization zone or, if the ap-

paratus is equipped with a prepolymerization vessel or is arranged in a series of polymerization
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reactors downstream of a polymerization reactor, growing polyolefin particles are fed via line (10)
into the cylindrical segment (1) of the first polymerization zone.

[0074] The cylindrical segment (1) of the first polymerization zone is connected to the first con-

necting element (3) by a sixth connecting part (7f).

[0075] Polyolefin particles obtained in the apparatus are continuously discharged from the
lower part (6) of the second polymerization zone via the discharge line (12). All or part of the
make-up monomers, make-up comonomers, and optionally inert gases and/or process additives
can be introduced into gas recycle line (8) via line (11). A gas and/or liquid can be fed via line
(13) into the upper part (5) of the second polymerization zone to generate a barrier for preventing
the reaction gas mixture of the first polymerization zone from entering the second polymerization

zone.

[0076] The bottom of the third connecting part (7¢) is equipped with a throttling valve (22) hav-
ing an adjustable opening for adjusting the flow of polyolefin particles from the second polymeriza-
tion zone into the transition segment (2). For ensuring a reliably transfer of the polymer particles
from the second polymerization zone into transition segment (2), the second connecting element
(9) is equipped with a gas distribution grid (23).

[0077] Figure 2 shows schematically the top part of an embodiment of the second polymeriza-
tion zone according to the present disclosure.

[0078] Figure 2 depicts a first connecting element (3) which is connected by a connecting
piece (16) to a solid/gas separation zone (4) having a diameter D04 and a height H04. The
solid/gas separation zone (4) is connected to an upper part (5) of the second polymerization zone
having a diameter D05 and a height HO5 by a first connecting part (7a) having an associated an-
gle AO7a. The upper part (5) of the second polymerization is connected to a lower part (6) of the
second polymerization zone having a diameter D06 by a second connecting part (7b) having an
associated angle A07b. Reaction gas separated from the polymer particles in the gas/solid sepa-
ration zone (4) leaves the gas/solid separation zone (4) through gas recycle line (8). For prevent-
ing the reaction gas mixture of the first polymerization zone from entering the upper part (5) of the
second polymerization zone, a gas and/or liquid can be fed via line (13) into the upper part (5) of
the second polymerization zone.

[0079] Figure 3 shows schematically a top view on an embodiment of the apparatus according

to the present disclosure.

[0080] Figure 3 depicts a first connecting element (3) having a diameter D03 which is at one
side connected to a sixth connecting part (7f) and at the other side connected by a connecting
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piece (16) to a solid/gas separation zone (4) having a diameter D04. Gas recycle line (8) having a
diameter D08 is arranged centrically on top of the solid/gas separation zone (4).

[0081] Figures 4 and 5 show schematically two preferred embodiments of first connecting ele-

ments of the present disclosure.

[0082] Both Figures 4 and 5 depict a first connecting element (3) having a diameter D03 which
is at one side connected by a sixth connecting part (7f) to a cylindrical segment (1) of a first
polymerization zone having a diameter D01 and at the other side connected by a connecting
piece (16) to a solid/gas separation zone (4). Gas recycle line (8) is arranged centrically on top of
the solid/gas separation zone (4). The central axis of the connecting piece (16) and the horizontal

form an angle A16.

[0083] The first connecting element (3) shown in Figure 4 is a tubular element comprising a
bend part having a radius R03 and a linear part.

[0084] The first connecting element (3) shown in Figure 5 is a bend having in one part of the
bend a radius R03' and having in another part of the bend a radius R03".

[0085] Figures 6 and 7 show schematically two preferred embodiments of transition segments
and second connecting elements of the present disclosure.

[0086] Both Figures 7 and 8 depict an transition segment (2) having a diameter D02 which is
at one side connected by a fifth connecting part (7€) to a cylindrical segment (1) of a first polymer-
ization zone having a diameter D01 and at the other side connected by a fourth connecting part
(7d) to a gas recycle line (8). A second connecting element (9) having a diameter D09 is at one
side connected by a third connecting part (7¢) to a lower part (6) of a second polymerization zone
having a diameter D06 and at the other side connected to the transition segment (2). The central
axis of the second connecting element (9) at the position where the second connecting element
(9) is connected to the transition segment (2) and the horizontal form an angle A02. The second
connecting element (9) is provided with a gas distribution grid (23) which extends from the upper
end of the second connecting element (9) for an angle A09 along the bending of the second con-
necting element (9).

[0087] The transition segment (2) shown in Figure 6 is a tubular element comprising a bend

part and a linear part.

[0088] The transition segment (2) shown in Figure 7 is a tubular element comprising two linear
parts and a bend part.
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[0089] The present disclosure further provides a process for preparing an olefin polymer com-
prising homopolymerizing an olefin or copolymerizing an olefin and one or more other olefins at
temperatures of from 20°C to 200°C and pressures of from 0.5 MPa to 10 MPa in the presence of
a polymerization catalyst, wherein the polymerization is carried out in an apparatus as described
in the above.

[0090] Preferably, the polymerization is a homopolymerization of ethylene or a copolymeriza-
tion of ethylene and one or more other olefins selected from the group consisting of 1-butene,
1-hexene and 1-octene or the polymerization is a homopolymerization of propylene or a copoly-
merization of propylene and one or more other olefins selected from the group consisting of eth-
ylene, 1-butene and 1-hexene.

[0091] The apparatus of the present disclosure may be operated at pressures of from 0.5 MPa
to 10 MPa, preferably from 1.0 MPa to 8 MPa and in particular from 1.5 MPa to 4 MPa, wherein

these pressures, as all pressures given in the present disclosure, have to be understood as being
absolute pressures, i.e. pressure having the dimension MPa (abs). The polymerization is prefera-
bly carried out at temperatures of from 30°C to 160°C, particularly preferably from 65°C to 125°C.

[0092] The polymerization in the apparatus may also be carried out in a condensing or super-
condensing mode, in which part of the circulating reaction gas mixture is cooled to below the dew
point and returned to the first polymerization zone either separately as a liquid and a gas-phase or
together as a two-phase mixture in order to make additional use of the enthalpy of vaporization for

cooling the reaction gas.

[0093] In preferred embodiments of the present disclosure, the polymerization is carried out in
the presence of an inert gas such as nitrogen or an alkane having from 1 to 10 carbon atoms such
as methane, ethane, propane, n-butane, isobutane, n-pentane, isopentane or n-hexane or mix-
tures thereof. The use of nitrogen or propane as inert gas, if appropriate in combination with fur-
ther alkanes, is preferred. In especially preferred embodiments of the present disclosure, the
polymerization is carried out in the presence of a Cs-Cs alkane as polymerization diluent and most
preferably in the presence of propane, especially in the case of homopolymerization or copoly-
merization of ethylene. In preferred embodiments of the present disclosure, the reaction gas mix-
ture has a content of inert components from 30 to 99 vol.%, more preferably from 40 to 95 vol.%,
and especially from 45 to 85 vol.%. In other preferred embodiments of the present disclosure, es-
pecially if the main monomer is propylene, no or only minor amounts of inert diluent are added.

[0094] The reaction gas mixtures within the apparatus additionally comprise the olefins to be
polymerized, i.e. a main monomer and one or more optional comonomers. The reaction gas mix-
ture may further comprise additional components such as antistatic agents or molecular weight
regulators like hydrogen. The components of the reaction gas mixture may be fed into the
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polymerization zones or into the gas recycle line in gaseous form or as liquid which then vapor-
izes within the polymerization zones or the gas recycle line.

[0095] The polymerization of olefins can be carried out using all customary olefin polymeriza-
tion catalysts. That means the polymerization can be carried out using Ziegler- or Ziegler-Natta-
catalysts, using Phillips catalysts based on chromium oxide, or using single-site catalysts. For the
purposes of the present disclosure, single-site catalysts are catalysts based on chemically uniform
transition metal coordination compounds. Furthermore, it is also possible to use mixtures of two
or more of these catalysts for the polymerization of olefins. Such mixed catalysts are often desig-
nated as hybrid catalysts. The preparation and use of these catalysts for olefin polymerization are

generally known.

[0096] Preferred catalysts are of the Ziegler or Ziegler-Natta type preferably comprising a com-
pound of titanium or vanadium, a compound of magnesium and optionally an electron donor com-
pound and/or a particulate inorganic oxide as a support material.

[0097] Catalysts of the Ziegler or Ziegler-Natta type are usually polymerized in the presence of
a cocatalyst. Preferred cocatalysts are organometallic compounds of metals of Groups 1, 2, 12,
13 or 14 of the Periodic Table of Elements, in particular organometallic compounds of metals of
Group 13 and especially organoaluminum compounds. Preferred cocatalysts are for example or-
ganometallic alkyls, organometallic alkoxides, or organometallic halides.

[0098] Preferred organometallic compounds comprise lithium alkyls, magnesium or zinc alkyls,
magnesium alkyl halides, aluminum alkyls, silicon alkyls, silicon alkoxides and silicon alkyl hal-
ides. More preferably, the organometallic compounds comprise aluminum alkyls and magnesium
alkyls. Still more preferably, the organometallic compounds comprise aluminum alkyls, most pref-
erably trialkylaluminum compounds or compounds of this type in which an alkyl group is replaced
by a halogen atom, for example by chlorine or bromine. Examples of such aluminum alkyls are
trimethylaluminum, triethylaluminum, tri-isobutylaluminum, tri-n-hexylaluminum or diethylaluminum
chloride or mixtures thereof.

[0099] In further preferred embodiments of the present disclosure, the polymerization is a
polymerization in an apparatus which is a part of a series of polymerization reactors, wherein also
one or more polymerizations in other gas-phase reactors of the series of polymerization reactors
may be polymerizations according to the present disclosure. Suitable combinations of such
polymerizations reactors include a fluidized-bed reactor followed by an apparatus according to the
present disclosure or an apparatus according to the present disclosure followed by a fluidized-bed
reactor.
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[0101] List of reference signs:

D o AW N -

7b

7c

7d
Te
7f

11
12
13
14
15
16
17
18
19
20
21
22
23

first polymerization zone

transition segment

first connecting element

gas/solid separation zone

upper part of the second polymerization zone

lower part of the second polymerization zone

first connecting part connecting the gas/solid separation zone and the upper part of the
second polymerization zone

second connecting part connecting the upper part and the lower part of the second
polymerization zone

third connecting part connecting the lower part of the second polymerization zone and the
second connecting element

fourth connecting part connecting the gas recycle line and the transition segment

fifth connecting part connecting the transition segment and the first polymerization zone
sixth connecting part connecting the first polymerization zone and the first connecting ele-
ment

gas recycle line

second connecting element

catalyst feeding line or feeding line for polymer particles from an upstream polymerization
reactor

monomer feeding line

polymer discharge line

barrier gas/liquid feeding line

heat exchanger

compressor

connecting piece connecting the first connecting element and the gas/solid separation zone
guide vanes

butterfly valve

recycle gas branch-off line

transport gas feeding line

dosing gas feeding line

throttling valve

gas distribution grid



