OPIC

OFFICE DE LA PROPRIETE

CIPO

INTELLECTUELLE DU CANADA 3 PROPERTY OFFICE

(72 HAENDELER, FRIEDRICH, DE

(72) HEROLD, HEIK O, DE

(72) MLECZKO, LESLAW, DE

(72) RIEHLE, CLAUS, DE

(72 MERSMANN., FRANZ-JOSEF, DE

(72) SCHNEIDER, JURGEN, DE

(72) DAUBEN., MICHAEL, DE

(71) BAYER AKTIENGESELLSCHAFT, DE

51) Int.C1.° BO1J 8/24, CO8F 10/00
(30) 1997/10/10 (197 44 710.4) DE

(12) (19) (CA) Dem ande-Application

(CANADIAN INTELLECTUAL

(21) (A1) 2,306,173
86) 1998/09/26
87) 1999/04/22

54) POLYMERISATION EN PHASE GAZEUSE DANS UN

REACTEUR CUPULIFORME

54) GAS PHASE POLYMERISATION IN A BELL-SHAPED

REACTOR

4‘\ 1?
'y /
| 2 f AV,
18- g R/ /\
1Q - i ! ‘:
i | i
20—, 15
5 |
|
21
_\.‘;\
IWZ/ e & [ SE
22\(5 - —
- -
|
: i

(57) L mvention concerne un reacteur a lit fluidise (13)
servant a produire notamment du caoutchouc dans la
phase gazeuse. La paro1 de ce réacteur se presente, dans
sa partie infeérieure, sous la forme d’un cylindre (2) se
prolongeant ensuite sous la forme d'un cone (3)
s’ouvrant de facon continue. L angle forme par le cone
(3) par rapport a 1’axe central est compris entre 2 et 10 °
et la hauteur du lit fluidis€ est supéerieure a celle de la
partie cylindrique.
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(57) A fluidised bed reactor (13), in particular for
producing rubber 1n the gaseous phase, has a wall shaped
in 1ts lower part as a cylinder (2) which then flares
continuously outwards, forming a cone (3), the cone (3)
angle with respect to the centre line being equal to 2 to

10 °© and the fluidised bed being higher than the
cylindrical part.
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(57) Abstract

A fluidised bed reactor (13), in particular for producing rubber i
the gaseous phase, has a wall shaped in its lower part as a cylinder (2)
which then flares continnously outwards, forming a cone (3), the conc

(?) angle with respect to the centre line being equal to 2 to 107 and the
fluidised bed being higher than the cylindrical part.
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Gas-phase polymerisation in a bell-shaped reactor

The invention relates to a fluidised-bed reactor for the production especially of rub-
ber 1n the gas phase, the wall of which reactor is in the form of a cylinder in its lower
portion and, adjacent thereto. 1s in the form of a continuously opening cone, the cone
angle relative to the centre line being from 2 to 10° and the fluidised bed being

higher than the cylindrical portion.

The polymenisation of polyolefins 1n the gas phase is a process which has long been

known and was first carried out on an industrial scale as early as 1968 (Ullmanns

Encyklopadie der technischen Chemie, 4th edition 1980, Vol. 19, p. 186 fY).

In that process, the actual polymerisation reaction takes place in a fluidised-bed reac-
tor which consists of a reaction zone and, located above it, a calming zone in which
the sohds particles are largely separated from the gas phase. The monomers, the
catalyst and possible additives. such as, for example, additives or fillers, are intro-
duced nto the reaction zone. In order to maintain a fluidised bed, a circulating gas
stream 1s fed to the reactor from below. The circulating gas stream, which consists
essentially of the unreacted monomers, is removed again at the top of the reactor,
freed of residual particles. cooled and fed back into the reactor. The resulting poly-
mer 1S removed from the reaction zone continuously or semi-continuously and

treated further.

In the construction of apparatuses for use in the gas-phase polymerisation process,
particular attention must be paid especially to tacky reaction products, in order to

avoid agglutinations and caking on the reactor wall or other parts of the reactor

(reactor fouling) and to avoid agglomerations ot product.
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That 1s the case especially with a fluidised-bed reactor. Accordingly, many publica-

tions deal with the construction thereof.

US-PS 4 003 712, for example. discloses a vertical fluidised-bed reactor which has a
cylindrical lower portion followed by a short conical section and a further cylinder
having a larger cross-section than the lower portion. The actual polymerisation reac-
tion takes place in the lower portion, while 1n the upper portion, the calming zone,

the polymer particles are separated from the stream of gas.

A large number of other publications are based on the geometry of that reactor.
There are mentioned here by way of example only the rollowing: WO 96/04322, EP-
A-0 301 872, EP-B-0 475 603 and EP-A-0 728 771. The above-mentioned reactor
has the disadvantage that polvmer parucies cake in the transition region between the
lower portion and the upper portion and thus narrow the reactor cross-section con-
tinuously until the reactor must be shut down and cleaned. A common feature of all
the processes 1s that the fluidised bed 1s alwavs located in the cylindrical portion of
the reactor and that sharp edges occur between the cviindrical portion and the coni-
cal section of the reactor. EP-A-0 765 886 discloses an apparatus for the degassing
of olefin polymers, the walls ot which extend at an angle of from 0.5 to 15°, meas-

ured with respect to the centre line.

[n order to avoid so-called reactor touling, US-PS-5 428 118 proposes passing a tan-
gential stream of air over the walls of the calming zone so that deposits are avoided
or deposited particles are whirled up again. Even with that teaching, the operating
time ot the tluidised-bed reactor in the case of rubbers can be lengthened only 1n-

significantly.

[n the publication "New Reactor 1n Jet Spouted Bed Regime For Catalvtic Polymer-

zation" Chem. Eng. Sci. Vol. 49, pages 4579-4588 there 1s turther described a jet
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spouted bed reactor for gas-phase polymensation which widens conically by an an-
gle of from 10 to approximately 23° immediately above the gas inlet. That reactor is
said to be suitable tfor the handling of tacky polymer particles, the authors starting
not from a fluidised-bed process but from a jet spouted bed process with plug flow.

The process has not been tested on an industral scale.

The object 1s, therefore, to make available a fluidised-bed reactor which does not

have the disadvantages of the prior art.

According to the invention, the object 1s achieved by providing a fluidised-bed reac-
tor for the production of, especially, rubbers in the gas phase, which reactor has a
circular cross-section and the wall of which 1s 1n the form of a cylinder in its lower
portion and, adjacent thereto, 1s in the form of a continuously opening cone, similar

to a bell.

The fluidised bed 1n the reactor according to the invention extends at least over the
entire length of the cylindrical portion. The fluidised bed preferably also extends
into the cone, whereby the overall height of the fluidised bed should preferably not

exceed 150 %, especially 130 %, of the length of the cylindrical portion.

The volume of the cylindrical portion 1s determined according to the average dwell
time of the polymer particles 1n the tluidised bed, the height of the cyhindrical por-
tion being such that a rising, continually growing bubble fills not more than 80 % of
the cross-section of the cylindrical portion. The diameter of the cylindrical portion is

calculated from the volume and the height thereof.

The nomunal linear velocity of the gas in the cylindrical portion must correspond at
least to the rate of loosening ot the polymer particles. However, the nominal linear

gas velocity 1s preferably at least 3 times, especially from 5 to 7 times, the rate of
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loosening. The nominal linear gas velocity 1s preferably to be from 0.3 to 2 mv/s, es-

pecially from 0.4 to 1 m/s, very especially from 0.5 to 0.8 m/s.

The cone angle, relative to the centre line, 1s preferably from 2 to 10°, especially

from 3 to 6° and very especially from 3.5 to 5.5°.

The length of the cone 1s such that the cross-section of the reactor at the end of the
cone 1s so great, and the nominal linear gas velocity 1s thus so low, that catalyst or
polymer particles having a size of from 10 to 1500 um, preferably from 50 to
300 um. especially from 50 to 150 um, are no longer discharged from the reactor.
By that measure, the discharge of solids trom the reactor according to the mvention

1s reduced and gumming up of the apparatuses located downstream is reduced.

The ratio of the diameter of the cvlinder to the height of the reactor 1s preferably 1:8-

15, especially 1:11-12.

The ratio ot the height ot the cylinder to the height of the cone 1s preferably 1:1.5-4,

especially 1:2-2.5.

In a further preferred embodiment, the ratio of the height of the cylinder to the
heirght of the cone 1s 1:30-100. so that virtually the entire casing of the reactor is in

the form of a continuously opening cone.

The reactor 1s pretferably closed oft at the top by means ot a hemisphere. The hemi-
sphere mayv have batfles. A tangential stream ot air preferably acts on the sphere, so
that the hemisphere functions as a cyclone buiit into the reactor. The base of the re-

actor may be of any desired form, the form ot a hemisphere being preferred.
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The gas mixture to be polymerised 1s preferably introduced into the reactor at the
lower end through a perforated gas distributor. The gas distributor must be so de-
signed that good solids mixing prevails 1n the tfluidised bed and gas passes over the

walls of the cylindrical portion continuously in order to avoid polymer particles be-

()

ing deposited thereon. A perforated base 1s preferably used.

[f necessary, a tangential stream of gas may also act upon the walls of the cone, so

that no polymer deposits form.

10) The reactor 1s preferablv operated at a temperature of from 20 to 160°C and a pres-
sure of from 1 to 20 bar absolute. In the process according to the invention, the tem-

perature may also be so selected that 1t 1s below the dew point of at least one con-

stituent of the circulating gas.

15 The reactor is preferably manutactured from stainless steel or black steel.

The fluidised-bed reactor according to the invention is suitable for the production of

polymers of any kind. preterably for the production of rubbers of any kind in the gas

phase.

Within the scope of the invention, polymers are. for example, poly-a-oletins, poly-
isoprene. polystyrene. SBR. IIR. polyisobutene. polychloroprene, silicones and co-
polymers of ethylene and one or more ot the following compounds: acrylonitrile,

malonic acid esters, vinyl acetate. acrylic and methacrylic acid esters. a-olefins, di-

enes and trienes.

| J
(LA

Rubbers within the scope of the invention are uncrossiinked but crosslinkable poly-

mers which can be converted into the rubber-elastic state by the crosslinking.
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Preferably, however, the fluidised-bed reactor according to the invention is used for

the production of EPM, EPDM, SBR. NBR, polyisoprene and BR in the gas phase.

The polymers may contain the conventional additives. In the process according to

the invention, the polymers may also be produced in the presence of inert fillers.

Preferred fillers are carbon black, silica, clay, talcum and/or ground polyolefin.

The rubbers produced in the gas phase are suitable for the production of moulded
bodies of any kind. Preferably, however, the rubbers are used for the production of

motor vehicle tyres.

The rubbers produced in the fluidised-bed reactor according to the invention are also

preferablv used 1n admixture with other plastics for the modification thereof.

—
—~——

[t must be regarded as completely surprising and unexpected to the person skilled 1n
the art that, with the reactor according to the invention, the operating times can be
increased by a factor of 10 as compared with reactors of the prior art. Because the
fluidised bed extends into the cone, particles constantly flow around the transition
between the cone and the cylindrical portion of the reactor, so that no deposits form

especially 1n that sensitive area.

The invention 1s explained hereinbelow with reterence to Figures 1 and 2 by way of

examples.

Figure 1 shows a diagrammatic sketch of the tluidised-bed reactor according to the

nvention.

Fiegure 2 shows the integration of the fluidised-bed reactor according to the invention

into the polymensation process.
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Figure 1 shows the reactor according to the invention. The casing 1 of the vertical
reactor consists of a cylinder 2 and a continuously opening cone 3. The diameter of
the cylinder 1s 0.9 m and 1ts height 1s 3.1 m. The cone 3 sits on the cylinder 2 and
has a height of 6.5 m. Accordingly, the ratio of the diameter of the cylinder 2 to the
height of the reactor 1s 10.6. The ratio of the height of the cylinder to the height of
the cone 1s 1:2.1. A hemisphere 4 1s located on the cone and closes off the reactor at

the top. A hemisphere 5 likewise torms the base of the reactor.

The reactor also has a gas-distribution base (not shown).

The reactor has a flange 6 in the base 5 as a gas inlet and a flange 7 in the hemi-
sphere 4 as a gas outlet. Fillers and one or more catalysts in supported or unsup-
ported form and other additives. likewise in supported or unsupported form, are in-
troduced into the fluidised-bed reactor according to the invention through the flanges

8 to 10. The polymerised product 1s expelled via the flange 11.

Figure 2 shows the integration of the tfluidised-bed reactor according to the invention
into the polymerisation process. A circulating gas mixture 12 consisting of 1,3-
butadiene, optionally additives and nitrogen as inert gas 1s introduced from below
into the fluidised-bed reactor 13 according to the invention, in which the 1.3-

butadiene polymerises to polybutadiene. The polymerisation takes place at a tem-

perature of 80°C and a pressure ot 4 bar.

The circulating gas mixture 12 depleted ot 1.3-butadiene leaves the fluidised-bed re-
actor at the top and is freed in a filter 14 of particles which have been carried out of
the reactor with it. A portion of the circulating gas mixture 12 can be discharged as
waste air via the outlet 15 betore monomer. regulator. nitrogen and other additives

are added to the circulating gas mixture via the inlets 16 to 19. The circulating gas
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mixture 1s then cooled by means of a heat exchanger 20, compressed to process pres-
sure by the compressor 21 and again cooled in the heat exchanger 22 before being

passed 1nto the fluidised-bed reactor according to the invention again.

Fillers and catalyst(s) are metered into the fluidised-bed reactor from the storage

containers 23 and 24. respectively. The finished product is removed via the outlet

23.
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Examples

The Examples which follow serve to explain the invention.

Preliminary note:

The various reactors were integrated into the polymerisation process according to
Figure 2. A perforated base analogous to EP-A-260 154 was used as the gas distribu-

for.

tor the EPM tests, the catalvst used was a Ziegler system supported on silica and
based on vanadium (VOCI,) with triethylaluminium as co-catalyst. The average par-
ticle size of the support was from |50 to 200 um; chloroform was used as the reacti-

vator. - -

For the BR tests, the neodymium-based catalyst with diisobutylaluminium hydride
described in EP-B-647 657 was used as the catalyst. The average particle size of the

support was from 130 to 200 um.

After the reactor had been closed, the installation was rendered inert by repeated
flushing with nitrogen. An 1nert starting bed was then introduced and co-catalyst was

metered 1n until the oxygen and water content in the installation fell below 3 ppm.

Test 1

A conventional reactor according to EP-A-301 872 was used. The gas distributor
was tollowed by a vertical cvlinder having a diameter of 169 mm and a length of
I m, which in turn was followed by a conventional retardation zone having a height

of 43 cm and an aperture angle of 12°. The height ot the tfluidised bed was kept con-
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stant at 60 cm above the gas distributor by the continuous removal of product, and
the nomunal linear velocity 1n the cylinder was adjusted to 0.6 m/s. With the aid of
the described V catalyst. a production rate of 2 kg of product (EPM) per hour was
set. deviations were compensated by increasing or reducing the amount of catalyst
metered in. The reaction temperature was 70°C. The composition of the product was
adjusted to an ethylene:propylene ratio ot 70:30 by means of the monomer composi-
tion 1n the gas phase: the partal pressures were 7 bar ethylene, 3 bar propylene. 3

bar nitrogen. T'he reactor was shut down after 10 hours; fur-like deposits were found

on the walls and at the transition from the cviinder to the retardation zone.

Test 2

The procedure was analogous to Test 1. However. an Nd-based catalyst according to
EP-B-647 657 was used. The reaction temperature was again 70°C; 1,3-butadiene in
gaseous form was metered 1n as the monomer; the monomer partial pressure was 4
bar, the nitrogen partial pressure was 3 bar. A production rate of 2 kg of BR/h was

again set bv means ot the amount of catalyst.

The reactor was shut down atter 5 hours: thick fur-like deposits were found on the

walls, especially at the transition from the cylinder to the retardation zone.

Test3

A reactor according to the invention was used. The gas distributor was tollowed by a
vertical ¢cvliinder having a diameter of 219.5 mm and a length of 40 cm. which was
followed bv a bell-shaped retardation zone having an initial diameter of 217.5 mm
and a widening angie of 4° and a height ot 1.14 m. The reactor was closed off at the
top and bottom by a hemisphere. The height of the tfluidised bed was kept constant at

60 cm above the gas distributor by the continuous removal ot product. The nominal
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linear velocity 1n the cylindrical portion was adjusted to 0.6 m/s. With the aid of the
described V catalyst, a production rate of 2 kg of product (EPM) per hour was set;
deviations were compensated by increasing or reducing the amount of catalyst me-
tered 1n. The reaction temperature was 70°C. The composition of the product was
adjusted to an ethylene:propylene ratio of 70:30 by means of the monomer composi-
tion 1n the gas phase; the partial pressures were analogous to Example 1. The reactor

was stopped after 10 hours; no coatings were found on the walls or at the transition

from the cylinder to the retardation zone.

Test 4

The procedure was analogous to Test 3. However, an Nd-based catalyst according to
EP-B-647 657 was used. The reaction temperature was again 70°C; the monomer
metered 1n 1n this case was [,3-butadiene in gaseous form; the monomer and nitro-
gen partial pressures were analogous to Example 2. A production rate of 2 kg of BR

per hour was again set by means of the amount of catalyst added.

The reactor was stopped after 5 hours; no coatings or deposits were found on the

walls or at the transition from the cylinder to the retardation zone.
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Patent Claims

b

A

Fluidised-bed reactor having a circular cross-section for the production of tacky
polymers in the gas phase, characterised 1n that the wall (1) of the tluidised-bed
reactor 1s in the form of a cylinder (2) in 1ts lower portion and, adjacent thereto,
1s in the form of a continuously opening cone (3), the angle of the cone (3),
relative to the centre line, being from 2 to 10°, preferably from 3 to 6° and es-

pecially from 3.5 to 5.5°.

Fluidised-bed reactor according to claim 1, characterised 1n that the ratio of the
height of the cylinder (2) to the height of the cone (3) 1s 1:1.5-4, preterably
1:1.8-2.4.

Fluidised-bed reactor according to either claim 1 or 2, charactenised 1n that the

ratio of the diameter of the cylinder to the overall height of the reactor 1s 1:8-135,

preferably 1:10-12.

Fluidised-bed reactor according to any one of claims 1 to 3, characterised 1n that

the top (5) 1s 1n the form of a hemisphere.

Fluidised-bed reactor according to any one of claims 1 to 4, charactenised in that

the reactor 1s provided with a pertorated base as the imtial-tflow base.

Method of carrying out gas-phase polymerisation reactions in a fluidised-bed
reactor, characterised in that a reactor according to any one of claims 1 to 5 1s

used.
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Method according to claim 6, characterised in that the height of the cone (3) 1s
such that the velocity of the gas at the upper end of the cone 1s lower than the

rate of fail of the growing catalyst particle.

Method according to either claim 6 or 7, characterised 1n that the fluidised bed

1s higher than the cylinder (2).

Method according to any one of claims 6 to 8, characterised in that the ratio of
the diameter of the cylinder (2) to its height 1s so adjusted that the diameter is

greater than 70 % of the maximum bubble diameter 1n the bed.

Method according to any one of claims 6 to 9, characterised 1n that the nominal

linear velocity of the gas in the cylindnical portion 1s from 0.3 to 2 m/s, pref-

erably from 0.4 to 1 m/s.

Method according to any one of claims 6 to 10, charactenised in that the polym-

erisation 1s carried out in the presence of an inert filler.

Method according to claim 11, charactenised 1n that the inert filler 1s carbon

black, silica, clay, talcum and/or ground polyolefin.

Method according to any one of claims 6 to 12, charactensed in that the polym-

erisation 1s carried out at temperatures below the dew point of one of the circu-

lating gas constituents employed.

Fetherstonhaugh & Co.

Ottawa, Canada
Patent Agents
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