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The present invention relates to a continuous gas-phase polynerization
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entrains a certlai n .. . . .
polymerization and the circulated reactor gas being
firstly passed through a cyclone after leaving the

15 reactor.

Gas-phase polymerization processes are economical
processes for the polymerization of ethylene and
propene or for the copolymerization of ethylene or
20 propene with C3—-Cg—a~ocolefins. Such gas-phase
polymerization processes can be carried out either as
gas-phase fluidized-bed processes or as stirred gas-
phase processes. Processes of this type are described,
for example, in EP-A-0 475 603, EP-A-0 089 691 and
25 EP-A-0 571 826.

A characteristic of gas-phase fluidized-bed processes
is that the bed comprising polymerizing polymer
particles is kept in  the fluidized state Dby
30 introduction of a gas mixture from below. This gas
mixture also removes the heat of polymerization from
the reactor. The reaction gas is cooled in a heat
exchanger located outside the reactor and is
recirculated back into the reactor through a gas

35 distributor plate (circulating gas).

However, the circulating gas also entrains a certain

amount of finely divided polymer and carries it from



anount of finely divided polymer and carries it from WO 03/042253
PCT/ EPO2/ 12047 2 .the reactor and into the circulating gas system These
pol yner paotisolrs3 conprise active catal yst and can thus poryEPer/12e7 f urt her
in the circulating gas system If thesesparticles deposit in the
circulating gas system 5 deposits and fouling can occur, in these places.
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pieces of deposit get through the gas distributor plate
into the reactor, the product gquality is adversely
15 affected by these particles, with formation of specks.
Particularly in the case of products for film
applications, out-of-specification material can thus be

obtained.

20 Attempts to solve this problem in the past have been
directed particularly at reducing the proportion of
fine polymer dust in the circulating gas. Many
fluidized-bed plants therefore have a cyclone
downstream of the reactor outlet to separate off this

25 fine feactive dust (cf., for example, EP-A-0 301 872).
Since, however, complete precipitation cannot be
achieved by means of a cyclone, fine dust which still
contains active catalyst can get into the circulating
gas system despite the cyclone.

30
The use of catalyst poisons in gas-phase fluidized-bed
polymerizations is already known. Thus, for example,
catalyst poisons are used for stopping polymerizations
(e.g. in the case of a polymerization reaction which

35  has gone out of control, ctf., for example,
EP-A-0 471 497) or for fine regulation of the catalyst
activity (cf., for example, EP-A-359 444 or

EP-A-376 559). However, in continuous processes, use is



(e.g. in the case of a polynerization reaction which 35 has gone out of
control, cf., for exanple, EP-A-0 471 497) or for fine regulation of the
cat al yst weaBiowi2sy (cf., for exanple, EP-A-359 444 or EPPATEPE2/559) .
However, in continuous processes, use i3 WD 03/042253 PCT/ EP02/ 12047 3
usual |y made of volatile conpounds, in general gases such as 002i CO or
02, because their site of action is supposed to be mainly in the reactor
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t he circul at iregctgas stream passes through the cooler and the conpressor.
Al t houg his process can lead to a reduction in deposit formation in the
circulatthg gas 25 line, the anmount of catal yst poison |ntroduced can be
varied only WPHBHA Q&7 o4l i diltssloisese lear GBS TAARAR s POFYRME 23t AT st

poi son woul d adyersel y, affigch the cRQl1yRr i gaiben MeetiPna boiling
point above the maximum temperature within the
circulating gas line is fed into this circulating gas

15 line to prevent polymer deposits in the circulating gas
line;Ait is introduced in at most such an amount that

the productivity of the catalyst in the reactor is not
significantly impaired thereby. The site of addition of

the catalyst poison is not laid down precisely; it is

20 merely stated that the addition occurs into the
circulating gas line, preferably before the circulating

gas stream passes through the cooler and the
compressor. Although this process can lead to a
reduction in deposit formation in the circulating gas

25 line, the amount of catalyst poison introduced can be
varied only within narrow limits since larger amounts

of the catalyst poison would adversely affect the

polymerization reaction.

30 It is an object of the present invention to find a way
of preventing formation of polymer deposits in the
circulating gas system of gas-phase polymerization
plants which is simple in terms of apparatus, to
increase the running time of such plants and to

35 increase the quality of the polymerization products.

We have found that this object is achieved by a

continuous gas—phase polymerization process for



30 It is an object of the present invention to find a way of preventing
formation of polyner deposits in the <circulating gas system of gas-phase
pol ymer i 2&Di0a/0422p3 ants which is sinple in terns of apparaPa¥/EPID1206hCr ease
the running time of such plants and to 45 increase the quality of the.

pol yneri zation products. W have found that this object is achieved by a
conti nuous gas- phase pol yneri zation process for WO 03/ 042253 PCT/ EP02/ 12047
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circulating gas system at a position between the
15 reactor and the cyclone to prevent polymer deposits in

the circulating gas system.

The process of the present invention can be carried out
in a gas-phase fluidized-bed reactor as is described in
20 detail in, for example, EP-A-0 475 603, EP-A-0 089 691
or EP-A-0 571 826, or in a gas-phase stirred reactor.
The information given below relates predominantly to
gas-phase fluidized-bed processes, but can also be
applied in an appropriate fashion to stirred gas-phase
25 polymerization processes. In general, the gas-phase
-fluidized-bed reactor is a tube of varying length
through which circulated reactor gas flows. In general,
the circulated reactor gas is fed in at the lower end
of the gas-phase fluidized-bed reactor and is taken off
30 again at its upper end. The circulated reactor gas is
usually a mixture of ethylene or propene, if desired
together with a molecular weight regulator such as
hydrogen and inert - gases such as nitrogen and/or
saturated hydrocarbons such as ethane, butane or
35 hexane. The reactor gas can further comprise C3-Cg—0-—
monoolefins such as propene, l-butene, Il-pentene,
2-methylpentene, 1-hexene, 1l-heptene and l-octene as

comonomers. Preference is given to a process in which



t hrough which circul ated reactor gas flows. In general, the circulated
reactor gas is fed in at the lower end of the gas-phase fl uidized-bed
react or awo w3m4raken off 30 again at its upper end. The ciPCaHPar/ed4T eact or
gas is wusually a mxture of ethylene ors5propene, if desired together with
a nol ecul ar wei ght regul ator such as hydrogen and inert gases such as
nitrogen and/ or saturated hydrocarbons such as ethane, butane or 35
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effectively. To achieve constant reaction conditions, the constituents of
the reactor §&$¥e€4&ivBdY¥r-ed directly 10 into the gas-phase fluidi zed- bed
reactor or can be fed in via the circulated reactor gas. In the process of

the present inventi q{lﬁ it is advgnt pgeous t%.i nt roduce .é.he cat al ggt
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at its upper end so as to reduce the circulating gas velocity. In,
the catalyst directly into the fluidized bed.” It is
particularly advantageous to introduce the catalyst a
15 little at a time together with nitrogen or argon

directly into the particle bed.

To prevent finely divided polymer being carried from
the polymefization zone into the circulating gas
20 system, the gas-phase fluidized-bed reactor used for
the process of the present invention preferably has a
calming zone with an increased diameter at its upper
end so as to reduce the circulating gas velocity. In
general, it is advisable to reduce the circulating gas
25 wvelocity in this calming zone to from one third to one
sixth of the <circulating gas velocity in  the

polymerization zone.

The circulated reactor gas is firstly passed through a
30 cyclone after it leaves the reactor. According to the
present invention, the high-boiling catalyst poison is
added to the circulating gas before it passes through
the cyclone. The liquid catalyst poison thus has the
opportunity of wetting the highly catalytically active
35 fine dust particles. These wetted fine dust particles
are then removed from the circulating gas in the
cyclone. This process step makes it possible to remove
not only the fine dust but also the catalyst poison



general, it is advisable to reduce the circulating gas 25 velocity in this
calmng zone to fromone third to one sixth of the circul ating gas
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15 After passage through the cyclone, the circulating gas
is passed to a circulating gas compressor and a
circuiating gas cooler; these equipment items may be
present in either order. The cooled and compressed
circulating gas is then generally introduced back into

20 the well-mixed particle bed of the gas-phase fluidized-
bed reactor via a customary and known gas distributor
platel This results in very homogeneous © gas
distribution which ensures good mixing of the particle
bed. |

25
As in other gas-phase fluidized-bed polymerizations,
the ratios of the starting materials, in particular the
ratio of ethylene to C3z-Cg-a-monoolefins, in the process
of the present invention influence the density of the

30 resulting copolymers. Furthermore, the amount of
catalyst introduced determines the product output of
the gas-phase fluidized-bed reactor. Its capacity 1is,
as is known, limited by the cooling capacity of the
circulated reactor gas. This cooling capacity depends

35 firstly on the pressure of the reactor gas or the
pressure at which the (co)polymerization is carried
out. It is generally advisable to employ pressures of
from 1 to 100 bar, preferably from 10 to 80 bar and in



bed reactor via a customary and known gas distributor plate. This results
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Apart from the temperature, the proportion of inert
gases such as ﬁitrogen or hydrocarbons also has an
15 influence bn the risk of conglutination and deposits
occurring. High proportions of inert gas can reduce the
risk of deposits, but they can also reduce the space-
time yield so that the process can become uneconomic.
In the process of the present invention, the proportion
20 of inert gas is preferably from 25 to 55% by volume, .
particularly preferably from 35 to 50% by volume, based

on the total volume of the reaction gas.

As catalysts, it is possible to use all known catalysts
25 as are customarily wused for - ethylene and propene
(co)polymerization, i.e., for example, Ziegler-Natta
catalysts, chromium catalysts or metallocene catalysts.
These catalysts together with necessary or advantageous
cocatalysts and activators are known to those skilled
30 in the art. These catalysts are generally used in
supported form, for example on support materials such
as inorganic oxides (e.g. MgO or silica gel) or organic
polymers (e.g. polyethylene particles). However, the
catalysts «can also be fed into the reactor in

35 - unsupported form.

Catalyst poisons which can be used according to the

present invention are all compounds which have a
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good effectiveness. Well-suited catalyst poisons for

15 the purposes of the present invention generally have a
molecular weight of above 100, preferably above 150 and
particularly preferably above 200.

Preference is given to using catalyst poisons which

20 have a vapor pressure at 20°C of less than 10 000 Pa,
particularly preferably less than 2000 Pa and very
particularly preferably less than 1000 Pa.

As regards the second requirement, namely the suitable

25 functional groups, preference is given to a process in
which the catalyst poison introduced is a compound or
mixture of compounds containing at least one of the
functional groups -NR;, =-NR-, -OR, -0-, =0, -08, -S8-
and =S, where R is hydrogen or an alkyl radical having

30 from 1 to 8 carbon atoms. Particularly useful compounds
are ones which bear a plurality of such functional
groups, with these groups being able to be identical or
different.

35 The radical R is preferably hydrogen, but can also be
an alkyl radical such as methyl, ethyl, propyl,
isopropyl and butyl or one of the various Cs-Cg—alkyl
radicals, with methyl and ethyl being preferred.
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i ntroduced c r?not e st r‘al Iy, ~ but depends on the catal yst
poison, on the catalyst or cocatalyst system, on “the

formation of fine dust and on the reaction conditions.
15 The optimum amount has to be determined experimentally.
This is advantageously done by gradually increasing the
amount of catalyst poison until an influence on the
catalyst productivity becomes discernible and then
reducing the amount a little. Since the precise amount
20 of fine dust to be deactivated is not known, it is
possible to meter the catalyst poison dinto the
circulating gas line in an amount, based on the product
output, of about 0.1-10 ppm, preferably about 0.5~
3.0 ppm, particularly preferably about- 0.5-1.0 ppm.
25 ‘
The catalyst poison can be introduced in pure form or,
preferably, in diluted form, at best in dissolved form,
into the circulating gas line. Addition of the catalyst
poison together with a diluent as a fine aerosol via a
30 spray nozzle into the circulating gas line is
particularly effective. Possible diluents are all media
which are compatible with the polymerization process. A
process in which the catalyst poison is fed into the
circulating gas line as a mixture with a C3-Cg—0~
35 monoolefin, preferably in dissolved form, has been
found to be particularly advantageous. Of course, the
monoolefin used is generally the respective comonomer.

Addition in the form of a mixture or a solution in an
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those skilled in the art. The surface-active substances

increase the wettability of the fine dust by the

15 catalyst poison liguid and thus improve the

effectiveness of the catalyst poisons.

Other additives as are known to those skilled in the
art can also be used in the polymerization process of
20 the present invention. The use of additives which
reduce the electrostatic charge on the polymer
particles in the 1reactor has been found to be
especially advantageous. The use of an antistatic such
as Costelan AS 100 (manufacturer: H. Costenoble GmbH &
25 Co KG, Germany) has been found to be particularly

useful.

In a further advantageous embodiment of the process of
the present invention, the mixture of fine dust and
.30 catalyst poison which has been separated off in the
cyclone is added to the polymerization product. Thus,
the fine dust which has been separated off is utilized
in an economically useful way without an adverse effect
on the polymer being observed. In this embodiment( the
35 fine dust which has been separated off by means of the
cyclone can be discharged from the cyclone with the aid
of a pressure drop prevailing between the reactor and

the product discharge vessel. This usually considerable
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associated with a considerable capital <cost. The
process of the present invention has made it possible
15 to omit the calming =zone because, firstly, entrained
polymer particles can be separated off efficiently in
the cyclone and, secondly, the dusts which nevertheless
pass through the cyclone can no longer cause problems
in the <circulating gas system. An advantageous
20 embodiment of the process of the present invention
therefore comprises using a reactor without a calming

zone.

The use according to the invention of catalyst poisons
25 for reducing deposits in the circulating gas system of
gas-phase fluidized-bed polymerization plants makes it
possible to increase the running time of such plants
significantly without adversely affecting the
productivity of the catalyst. Furthermore, the addition
30 of the catalyst poison in the manner specified
according to the present invention also reduces deposit
formation in the cyclone which likewise increases the
running time of the polymerization reactor and improves
the product quality. The improved product quality is
35 especially evident in applications in which
inhomogeneities as can be formed by uncontrolled
polymerization in the circulating gas line or by

detachment from deposits have particularly serious
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pressure of 21 bar. In examples 1 and 2 according to
15 the present invention, a solution of Atmer 163
(manufacturer: Unigema, vapor pressure of the compound
at 20°C: 600 Pa) in hexane was metered into the
circulating gas line via a nozzle immediately after
entry of the reactor gas into the circulating gas line
20 and before entry into the cyclone. The concentration of
the Atmer 163 was 0.5% by weight, based on the total
mass of the solution. The rate at which the Atmer 163
was metered in was 4.5 g/h. Based on the reactor
output, this corresponds to an amount of 0.6 ppm. The
25 productivity of the catalyst does not change as a
result of this addition. In comparative examples 3 and
4 no catalyst poison was added. Comparative examples 2
and 4 were carried out in a polymerization plant
without a cyclone.
30
The time for which the polymerization ran without
malfunctions due to polymer deposits until shutdown was
necessary because of deposits in the circulating gas
system or at the bottom of the reactor was measured in
35 each case. Furthermore, the film quality grade was
determined. (The film quality grade is a qualitative
parameter to indicate the quality of the film; £film
quality grade 1 indicates very good film quality



prepared by the process of the present invention display significantly
fewer specks in film applications, i.e. lead to a better filmaquality. 5
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pol ymeri zat i|G¥3BPARt  wi t hout A&y c| 8?{830 0 [TheFAHEEf or, mmcﬁu?ﬁ%ty
pol ymeri zatijon ran w t hout naﬂd:u—nctl ons dug toypuolipger |depogfadse unti
shut down wag necessary becphu emrqf deposits I[El;“g e, ficyl ating gas  gystem
or at the battom of the reafrtor was| neasured 5 each jcase. Furthernore,
the filmaquality grade was | determ phed. (The fishatéenlitly grade is a
qualitative| paranmeter to ipdicate the qualijty ¢fatde fijlm film

1 (according to + + >1100 2 (constant)

the invention)

2 (comparative + - 110 3-4 (after
example) 45 days)

3 (comparative - + 120 3-4 (after
example) 454days),
4 (comparative - - 30 >4 (after 20
example) days)

The results show that the introduction according to the

10 present invention of the catalyst poison between
reactor and cyclone leads to a far greater than
additive lengthening of the reactor running time
compared to polymerization processes in which either
only a cyclone or only the catalyst poison was. used.

15
Analysis of the impurities in the product indicated
that they were ultrahigh molecular weight polyethylene
(eta value: 8.5 g/dl) having the same composition as
the deposits in the circulating gas system and at the

20 bottom of the reactor occurring in the comparative
examples. After processing of the polyethylene to
produce films, pipes or blow-molded bodies, specks
and/or threads having the same composition as the
deposits in the circulating gas system and at the

25 bottom of the reactor are found in the



quality grade 1 indicates very good filmaquality WO 03/042253

PCT/ EPO2/ 12047 13 wi thout specks, filmaquality grade 6 indicates very
poor fil mvowaloi#z2g3 wi t h nunerous specks). The film qualit yCagreedy1a7 t he
begi nni ng of each experiment was 2 andideteriorated to the quality grades
indicated in the 5 table. The tabl e bel ow shows the results of the
experinments: Exanple Atner Cyclone Reactor Filmaquality addi- running

grade tion tine until shutdown [days (according to + + >1

(constant) (AERREEHS/GHS - ( dofp eﬁ%iﬂf% g%?ogfé%?%ﬁ?%rpr%é ?e) 45
days) 3 (conpasat iM%rr + ﬂé@h@nﬁceﬁhf t etreagahpl endds5 degdsy . ogtical
(conmparative - gl aft s n%%%) % ys) The results show that the
introductionpﬁggﬁ?rlﬁﬁ &Eiﬁgvfﬁ Sr sént |nvent|on of the catal yst poison
between reactor and cyclone leads to a far greater than additive

| engt heni ng of the reactor running time conpared to polynerization
processes in which either only a cyclone or only the catal yst poi son was
used. 15 Analysis of the inmpurities in the product indicated that they
wer e ul trahi gh nol ecul ar wei ght pol yethylene (eta value: 8.5 g/dl) having
the sane conposition as the deposits in the circulating gas system and at
the 20 bottom of the reactor occurring in the conparative exanples. After
processi ng of the polyethylene to



produce filns, pipes or bl ow nol ded bodies, specks and/or threads having
the sanme conposition as the deposits in the circulating gas system and at
t he 25 bowOD@sioef253 he reactor are found in the WO 03/ 042252CPEPVEPD27 12047
14 conponents/filnms. As a result, the pridcessed products lose their
mechani cal strength and their optical properties are adversely affected.
WO 03/ 042253 PCT/ EPO2/ 12047 15 W claim 1. A continuous gas-phase

pol ymeri zati gp, procgss for preparing ethylene and propene honopol yners and
5 copolyners, In I ch ethylene, propene or m xtures conprising ethyl ene
and propene and C3-C8-a- nonool efins are polynerized in the polynerization

zone of a gasrphage PehyIREbEAt HAB-pRASEOHAlyfddMati® opd@Sdsandor
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circulated reactor_gas . heing firstly pa t a | one after 15
| eavi ng the react ot RieT el aej%:% iol %g%t %?)l?igon?{ﬁg%#%g %%(tc;ioi Irle}ngjapgi nt
above the maxi nummdrenperfitng ecang t hohymheicedculiratihg pasyBpsisatien fed

into this circul atj Y, @ﬁiqg' petyespathsrr sactepmand the
cyclone to preventéd}%oqgjiléniérse_g%%%ss?tg I %ﬁgz%i r cul at?nglés%%stgm 2. A

continuous gas- phax® ol J2er¢ zandonrpraeess &€ oM nedtn 1 wher ei n
the pol yngrizati onHes g&ar phadeOUln i Behl Wdlipzadihed feaslprdidbddd A
continuous gaS_ph%%%J%g n?ﬁ‘%%ﬂgogrggggggscﬁ§ a catalyst, with the
reactor gas being circulated to remove the.heat of
polymerization and the circulated reactor gas
being firstly passed through a cyclone after
15 leaving the reactor, wherein a catalyst poison
having a Dboiling point above the maximum
temperature within the circulating gas system is
fed into this circulating gas system at a position
between the reactor and the cyclone to prevent

20 polymer deposits in the circulating gas system.

2. A continuous gas-phase polymerization process as
claimed in claim 1, wherein the polymerization is
carried out in a fluidized-bed reactor.

25

3. A continuous gas-phase polymerization process as
claimed in claim 1 or 2, wherein the catalyst
poison fed in is a compound or a mixture of
compounds containing at least one of the

30 functional groups -NR,, -NR-, -OR, -0-, =0, =05,
-s- and =S, where R is hydrogen or an alkyl

radical having from 1 to 8 carbon atoms.

4, A continuous gas-phase polymerization process as
35 claimed in any of claims 1 to 3, wherein the
catalyst poison has a vapor pressure of less than

10 000 Pa at 20°C.



claimed in claiml or 2, wherein the catalyst poison fed in is a conpound
or a mxture of conpounds containing at |east one of the 30 functi onal
groups - NRD,03OMR253 -OR, -0-, =0, -0S, -S and =S, where RCr&Paytoagen or
an al kyl radical having from1l to 8 carlson atons. 4. A continuous

gas- phase pol yneri zation process as 35 clainmed in any of clains 1 to 3,
wherein the catalyst poison has a vapor pressure of less than 10 000 Pa
at 20C. WD 03/ 042253 PCT/ EPO2/ 12047 .16 5. C ' gas- e
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as a solution in &00%- €8 atmBfoél-efin. 10 7. A continuous gas- phase

pol ynmeri zation process as clainmed in any of claims 1 to 6, wherein the
catal yst poison is fed together with a surface- active conpound into the
circuiating &as s@st‘é‘ﬂﬁlt-l%u@‘?sAgé’@ﬁﬁhﬁt?@uspgi@%ﬁhéﬁtjp%ﬁlyl?éﬁolcfﬁtsi oh° process
as clainmed in anylefineldi M8 lahp &f Waeeems the tor &,ur ehetefinnetidest and
catal yst poi son whi ¢ch_ha been separated aqff in e ! dto
the 20 pol yneri z%%&}yﬁiodﬂ%ﬁor}Q.lsA %%%t i l}ooustllﬁ)gl f%r%%u?‘%tetll%% ;?%gess as
clained in any ofsyeltaimmasl at @od,utdloer dinn at fe-Potomerneatedin. react or does
not havelg cal m ng zone.

7. A continuous gas-phase polymerization process as
claimed in any of claims 1 to 6, wherein the
catalyst poison is fed together with a surface-

active compound into the circulating gas system.

15
8. A continuous gas-phase polymerization process as
claimed in any of claims 1 to 7, wherein the
mixture of fine dust and catalyst poison which has
been separated off in the cyclone is added to the
20 polymerization product.

9. A continuous polymerization process as claimed in
any of claims 1 to 8, wherein the polymerization

reactor does not have a calming zone.



