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dium in the gas phase have already been de- scribed. In particular, it has
been proposed to intro- The present invention relates to a process for
duce the organometallic compound direct into the the gas-phase
polymerization of one or more        reactor through a feed line separate
from the cata- olefins in a fluidized-bed reactor in the presence of   5
lyst feed line. The organometallic compound can catalyst of the
Ziegler-Natta type or a catalyst  also be introduced into the recycling
line. It is based on chromium oxide.                           generally in
the form of a liquid and can be used in It is known to polymerize one or
more olefins  the form of a solution in an inert hydrocarbon in the gas
phase in a fluidized-bed reactor in which  solvent such as isopentane,
n-hexane or a mineral polymer particles in the process of forming are   70
oil. However, this type of introduction gradually kept in the fluidized
state by means of a gaseous  enriches the gaseous reaction mixture with an
inert reaction mixture containing the olefin or olefins to  constituent
which can only be removed with some be polymerized in a rising stream. The
polymeriza-  of the gaeous reaction mixture, thereby obviously tion
reaction is carried out in the presence of a  reducing the yield of olefin
from the polymerization. catalyst, which is introduced into the
fluidized-bed   15  French Patent No. 1 290 555 has disclosed a reactor
continuously or intermittently, while the  process for the gas-phase
polymerization of olefins polymer produced is drawn off from the reactor,
in a fluidised-bed reactor provided with a gas re- also continuously or
intermittently. The gaseous   cycling line. An organometallic compound is
intro- reaction mixture circulating in the fluidized-bed re-  duced into
the gas recycling line downstream of a actor is only in contact with the
catalyst for a   20  heat exchanger via a metering device and an in-
limited time, which is generally less than thirty  troduction line. seconds
or so. Thus only a fraction of the olefins     French Patent No. 1 566 967
has also dis- introduced into the reactor is polymerized therein,  closed a
process for the gas-phase polymerization whereby it is necessary to recycle
the gaseous     of olefins in a fluidised-bed reactor provided with a
reaction mixture into the reactor. In practice, the   25  gas recycling
line. An organometallic compound is gaseous reaction mixture leaving
through the top of  introduced into the gas recycling line via an in- the
reactor is returned into the bottom part of the  troduction line upstream
of a heat exchanger and latter by means of a recycling line provided with a
downstream of a compressor. Fresh gaseous mon- compressor. A complementary
amount of olefins      omer is also introduced into the gas recycling line
corresponding to the amount consumed by the   30  via a gas line upstream
of the heat exchanger and polymerization reaction is added to the recycled
downstream of the compressor, while a gas venting gaseous reaction mixture,
which is also called the  line leaves from the gas recycling line upstream
of recycling gas. Furthermore, the polymerization of  the compressor.
olefins is an exothermic reaction and the heat pro-    Also, European
patent no. 0 099 660 has dis- duced must therefore be removed so as to
main-  35  closed a process for the gas-phase polymerization tain a
constant temperature in the fluidized bed.  of olefins In a fluidized-bed
reactor in the presence Heat is removed by circulating the recycling gas
of a catalyst of the Ziegler-Natta type, in which through at least one heat
exchanger arranged on    process the catalyst and the organometallic com-
the recycling line.                                pound are separately
introduced direct into the It is also known to use, in such a process, a
40  fluidized-bed reactor. The organometallic com- catalyst of the
Ziegler-Natta type comprising es-  pound is used particularly in the form
of a mixture sentially a transition metal compound in combina-  or a
solution in a polymerizable liquid olefin. It has tion with a cocatalyst
consisting of an organometal-  been found, that the direct introduction
into the lic compound of a light metal. It is also possible to  fluidized
bed of an organometallic compound dilut- use a catalyst based on chromium
oxide, activated   45  ed in a liquid olefin does not make it possible to
by a heat treatment and associated with a granular  prevent hot spots and
agglomerates of molten support based on a refractory oxide. As described
polymer from appearing in the bed, especially in French patent no 2 570
381, the catalyst based  when using very active catalysts of the Ziegler-
on chromium oxide can also advantageously be       Natta type comprising
compounds of magnesium, used in the presence of an activator, which is an
so  titanium and/or vanadium, or other very active cata- organometallic
compound  such  as  an  or-        lysts based on chromium oxide. It has
moreover ganoaluminium  compound. Thus, to carry out a      been observed
that this serious problem cannot be polymerization reaction in the gas
phase, it is gen-  solved simply by moving the point of introduction erally
necessary and advantageous to introduce an  of the catalyst as far as
possible from the point of organometallic compound, as well as the
catalyst,  55  introduction of the organometallic compound, so into the
polymerization medium.                    long as the latter remains in the
fluidized bed. A variety of ways of introducing an or-            Thus, for
several years, numerous attempts ganometallic compound into a
polymerization me-    have been made to propose a process for the 2    



3                 EP 0 352 022 B1                   4 introduction of an
organometallic compound into a  the heat exchanger or of at least one of
the heat medium for the gas-phase polymerizationof olefins  exchangers.
which does not have the above-mentioned dis-         The organometallic
compound to be introduced advantages. Unceasing research efforts have been
into the recycling line may be one or more or- made on both the laboratory
scale and the indus-   5   ganometallic compounds of a metal belonging to
trial scale.                                      group II or III of the
Periodic Table of the elements. A process for the gas-phase polymerization
of  Preferably, it can be selected from  the or- olefins has now been found
which uses catalysts of  ganoaluminium compounds of the general formula
high activity associated with an organometallic   [err] in which R is an
alkyl radical containing compound, in a fluidized-bed reactor provided with
10  from 1 to 8, preferably from 1 to 4 carbon atoms, X a line for
recycling the gaseous reaction mixture,  is a hydrogen or halogen atom or
an alcoholate including a compressor and at least one heat ex-  group and n
is an integer or fraction which can take changer. In particular, the
organometallic com-   any value from 1 to 3. pound, as a mixture or as a
solution in a liquid     In particular, the organoaluminium compound
olefin, is introduced direct into the recycling line,  15  can be selected
from triethylaluminium, tri-n-pro- upstream of the exchanger or of at least
one of the  pyl-aluminium, diethylaluminium  chloride, ethox- exchangers.
It is found that the organometallic   ydiethyl-aluminium, ethylaluminium
sesquichloride, compound is mixed very rapidly with the gaseous
trilsobutyl-aluminium,   tri-n-butylaluminium, reaction mixture circulating
in the recycling line,  diisobutylaluminium   hydride       and and in a
homogeneous manner so that it does not  20  diisobutylaluminium  chloride.
The organometallic accumulate, even in the liquid form, in part of this
compound can also be selected from the organo- line or in the bottom of the
fluidized-bed reactor.  zinc compounds of the general formula [err] in
Furthermore, blocking phenomena in the heat ex-   which R' is an alkyl
radical containing from 1 to 6 changer and in the bottom of the
fluidized-bed    carbon atoms; diethylzinc can be used in particular.
reactor, including more particularly a fluidization   25  The liquid olefin
introduced with the organo- grid, are substantially reduced by the present
in-  metallic compound is an alpha-olefin which con- stallation. It is also
found that the dispersion of the  tains 3 to 12 carbon atoms, preferably 3
to 8 organometallic compound is very uniform through-  carbon atoms and
which participates in the gas- out the fluidized bed, the consequence being
that  phase polymerization reaction. In particular, it can the formation of
hot spots and agglomerates of  30  be an alpha-olefin such as propylene,
but-1-ene, molten polymer in the fluidized bed is reduced and  hex-1-ene,
4-methylpent-1-ene or oct-1-ene or a generally avoided. This result can be
achieved    diene. The mixture or the solution comprising the even when
using catalysts of high activity of the  organometallic compound and the
liquid olefin can Ziegler-Natta type based especially on magnesium,
contain between 0.001% and 5% by weight, prefer- halogen, titanium or
vanadium, or catalysts based   35  ably between 0.005% and 1% by weight, of
an on chromium oxide.                                organometallic
compound and can be introduced The present invention relates to a process
for  into the recycling line at a substantially constant the gas-phase
polymerization of one or more       flow rate which is such that the molar
percentage olefins, at least one of which contains from 3 to 12  of the
said olefin in the gaseous reaction mixture is carbon atoms, in a
fluidized-bed reactor in the   40  constant with time and determined so as
to give presence of a catalyst of the Ziegler-Natta type or  the desired
quality of polymer. This flow rate can a catalyst based on chromium oxide,
introduced    also be such that the atomic ratio, measured in the into the
reactor continuously or intermittently, the  fluidized-bed reactor, of the
total amount of metal polymer produced being drawn off from the reactor  in
the organometallic compound to the amount of continuously or intermittently
and the solid particles  45  transition metal in the catalyst is kept
constant with of the bed being kept in the fluidized state by   time and is
for example between 0.5 and 50, pref- means of a gaseous reaction mixture
comprising    erably between 1 and 10, so as to maintain a the olefin or
olefins to be polymerized, which    sufficient activity in the fluidized
bed without how- passes through the reactor in a rising stream,    ever
producing agglomerates of molten polymer leaves through the top of the
reactor and returns  so  and unduly favouring the secondary reactions such
into the bottom part of the reactor by means of a  as the olefin
hydrogenation reaction. recycling line which includes a compressor and at
The polymerization reaction is carried out with least one heat exchanger,
characterized in that an  the aid of a solid catalyst which can be selected
organometallic compound of a metal belonging to   from catalysts of the
Ziegler-Natta type comprising group 11 or III of the Periodic Table of the
elements,  55  at least one transition metal of groups IV, V and VI as a
mixture or as a solution in at least one of the  of the Periodic Table of
the elements. In particular, liquid olefins containing from 3 to 12 carbon
atoms,  the process of the present invention is suitable for is introduced
into the recycling line, upstream of  the use of a catalyst of high
activity comprising 3    



5            EP 0 352 022 B1                    6 essentially atoms of
magnesium, halogen and at     compounds of the general formula [err] in
least one transition metal such as titanium or vana-  which R" is an alkyl
radical containing from 1 to 20 dium.
carbon atoms, preferably from 4 to 12 carbon The catalyst can also be
selected from cata-    atoms, X is a hydrogen or halogen atom or an lysts
based on chromium oxide, associated with a   5   alcoholate group and n is
an integer or fraction granular support selected from refractory oxides,
which can take any value from 1 to 3. It can also and activated by a heat
treatment at a temperature  be selected from the organozinc compounds of
the of at least 250[err] C and at most the temperature at  general formula
e[rr] described above. which the granular support starts to sinter, prefer-
The polymerization reaction is generally carried ably at a temperature of
between 350[err] C and   lo  out under a pressure of between 0.5 and 5 MPa
1000 C. Thus the organometallic compound intro-    and at a temperature of
between 0 [err] C and 135 [err] C. duced with the liquid olefin into the
recycling line  The gaseous reaction  mixture which passes can be used
either as a cocatalyst when a catalyst  through the fluidized-bed
polymerization reactor of the Ziegler-Natta type is employed, or as an
can contain, in addition to the olefin or olefins to be activator when a
catalyst based on chromium oxide   15  polymerized, dienes, hydrogen and an
inert gas is employed.                                       such as
nitrogen, methane, ethane, propane, bu- In the process of the invention,
the catalyst can  tane, isopentane or hexane. It passes through the be
introduced direct, as such, into the fluidized-bed  fluidized bed in a
rising stream at a fluidization reactor. It can also be used in the form of
a coated  speed which is generally between 2 and 10 times catalyst, or in
the form of a prepolymer, obtained   20  the minimum fluidization speed, in
particular be- by bringing the catalyst into contact with one or  tween 0.2
and 0.8 m/s. The fluidized bed consists more olefins in an amount such that
the coated     of polyolefin particles in the process of forming, catalyst
or the prepolymer contains between 0.002  with a weight-average diameter of
between 0.3 and and 10 millimol of transition metal per gram. Fur-  2 mm.
thermore, the  ingredients are advantageously  25     The process according
to the invention is par- brought into contact in the presence of an or-
ticularly suitable for the manufacture of polyolefins ganometallic compound
which is preferably select-  in the gas phase by the polymerization of one
or ed from the organoaluminium compounds of the       more olefins, at
least one of which contains from 3 general formula [err] described above,
or from   to 12 carbon atoms, preferably from 3 to 8 carbon the organozinc
compounds of the general forumla  30  atoms. Thus it is possible to
copolymerize ethylene ZnR'2 described above. This organometallic com-
with at least one of these olefins selected from pound can be identical to
or different from that   propylene, but-1-ene, hex-1-ene, 4-methylpent-1-
introduced with the liquid olefin into the recycling  ene and oct-1-ene. It
is also possible to polymerize line. It is used with the coated catalyst or
with the  only one of these olefins containing from 3 to 8 prepolymer in a
relatively small amount such that  35  carbon atoms, for example propylene,
but-1 -ene, 4- the atomic ratio of the amount of metal in the
methylpent-1-ene or hex-1-ene. Yet another pos- organometallic compound to
the amount of transi-   sibility is to copolymerize at least two of these
tion metal is for example between 0.5 and 2.5.     olefins, for example
propylene with one or more The so-called coating operation, which consists
olefins selected from  but-i-ene, hex-1-ene, 4- in converting the catalyst
into a coated catalyst, is  40   methylpent-l-ene and oct-i-ene. carried
out by polymerization of one or more           The process is carried out
in an installation for olefins, preferably in suspension in a liquid medium
the gas-phase polymerization of one or more such as a liquid hydrocarbon.
The so-called        olefins, at least one of which contains from 3 to 12
prepolymerization operation, which consists in con-  carbon atoms,
preferably from 3 to 8 carbon atoms, verting the catalyst to a prepolymer,
can be carried   45  in the presence of a catalyst of the Ziegler-Natta out
in one or two steps. In the case of a two-step  type or a catalyst based on
chromium oxide, and in operation, the first step is generally similar to
the  the presence of an organometallic compound of a coating step mentioned
above, while the second     metal belonging to group 11 or III of the
Periodic step can take place either in suspension in a liquid  Table of the
elements, in a fluidized-bed reactor medium or in gas-phase.
5o  provided with a recycling line equipped with a The solid catalyst, used
as such or in the for of  compressor and one or more heat exchangers by a
coated or prepolymerized catalyst, can be intro-  means of which the
gaseous reaction mixture com- duced into the fluidized-bed reactor by
itself or  prising the olefin or olefins to be polymerized can together
with another. organometallic compound     leave through the top of the
reactor and return into used as a preactivator of the catalyst in a small
55  the bottom part of the reactor. A pipe for introduc- amount. The latter
can be identical to or different  ing the organometallic compound, as a
mixture or from that introduced into the recycling line. It is  as a
solution in at least one of the liquid olefins preferably selected from
the organoaluminium      containing from 3 to 12 carbon atoms, preferably 4



7                 EP 0352 022 B1                     8 from 3 to 8 carbon
atoms, opens into the recycling  activity being, for example, to melt these
fine par- line, upstream of the heat exchanger or of at least  ticles and
block the inlet of the heat exchanger one of the heat exchangers.
situated immediately downstream of the point of Figures 1, 2 and 3
schematically represent an  introduction of this mixture or this solution.
Al- installation which makes it possible to carry out an   5   though it is
in fact known that the introduction of an olefin polymerization in the gas
phase.            organometallic compound mixed with an inert liquid The
installation comprises in particular a      hydrocarbon into a hot zone of
a recycling line fluidized-bed polymerization reactor and a circuit
apparently presents no problems, it is normal to for recycling the gaseous
reaction mixture, which  consider that this may arise from the fact that
the joins the top to the bottom part of the reactor and   10  olefin or
olefins circulating in the recycling line are which includes a compressor
and at least one heat  suddenly diluted in this inert hydrocarbon and that
exchanger.                                         the fine particles
entrained in the gaseous reaction The recycling line must include the inlet
of a  mixture are then subjected to partial reduction of pipe for
introducing an organometallic compound of  activity at the moment when they
come into con- a metal belonging to group II or III of the Periodic  15
tact with this mixture. On the other hand, if it is Table of the elements,
as a mixture or as a solution  desired to introduce an organometallic
compound in at least one liquid olefin containing from 3 to 12  as a
mixture or as a solution in a liquid olefin, the carbon atoms, preferably
from 3 to 8 carbon atoms.  olefin concentrations are normally expected to
in- It is essential that this pipe opens into the recycling  crease
suddenly in the gaseous reaction mixture line, upstream of the exchanger or
of at least one   20  locally at the point of introduction of this mixture
or of the exchangers. It has been noted, in particular,  this solution.
Attempts would therefore be made to that the turbulence generally created
by a heat    find a point of introduction into the recycling line exchanger
favours the dispersion of the or-        which had the effect of reducing
the risks of in- ganometallic compound and the liquid olefin in the
creasing the activity and blocking the line, in par- gaseous reaction
mixture, which, at the outlet of the   25  ticular at a point located in a
relatively cold zone of heat exchanger, becomes very homogeneous and
the recycling line, for example downstream of the can consequently be
recycled, without problems,    heat exchangers. It is therefore unexpected
to find direct into the bottom  part of the fluidized-bed  that by locating
the point of introduction of the reactor without forming hot spots. It has
also been  mixture or the solution of the organometallic com- observed that
using the organometallic compound   30  pound with the liquid olefin
upstream of a heat as a mixture or as a solution in a liquid olefin
exchanger, i.e. in a hot zone of the recycling line, facilitates the
dispersion of the organometallic com-  there appear to be no blocking
problems asso- pound in the gaseous reaction mixture in proportion  ciated
with this introduction. This result is all the to the volatility of the
liquid olefin used.       more surprising because the polymerization is
gen- The pipe for introducing the organometallic  35  erally carried out in
the presence of a catalyst of compound and the liquid olefin can, in
particular,  high activity, either of the Ziegler-Natta type based open
into the recycling line, upstream and in the  on magnesium, halogen,
titanium or vanadium, or vicinity of the inlet of the heat exchanger.
However,  based on chromium oxide, activated by a heat the distance
separating the point of arrival of this  treatment, and especially because
it is known that pipe in the recycling line from the inlet of the heat  40
the activity of this type of catalyst in the exchanger is not critical. It
is moreover preferable  copolymerization of ethylene is enhanced by a for
the compressor to be arranged on the recycling  factor of 2.5 to 3 when
olefins containing from 3 to line outside the portion between the point of
arrival  8 carbon atoms are added to the ethylene (Poly- of this pipe and
the heat exchanger which follows  mer Science USSR, vol. 22, 1980, pages
448 - immediately after in the direction of flow of the   45  454). gaseous
mixture, if it is desired to avoid increasing  When at least two heat
exchangers are ar- the wear of the compressor, when one of the
ranged in a recycling line with one on either side of constituents of the
mixture or of the solution is still  the compressor, the point of
introduction of the largely in the liquid form as it is sucked into the
organometallic compound into the recycling line compressor.
50  can be located upstream of either of these two heat It has been found,
very surprisingly, that the  exchangers. Nevertheless, when the liquid
olefin introduction of a mixture or a solution containing  introduced with
the organometallic compound is a both an organometallic compound and a
liquid       readily condensable olefin containing, for example, olefin
into a hot zone of the recycling line does not  from 6 to 12 carbon atoms,
such as hex-1-ene, 4- increase the activity of the fine particles of
catalyst  55   methylpent-1-ene or oct-1-ene, the point of intro- and
polymer in the process of forming, which are   duction of the
organometallic compound is prefer- carried out of the reactor by the
gaseous reaction  ably located upstream of the exchanger which is mixture,
a consequence of a possible increase of   arranged on the delivery side of
the compressor, 5    



8                 EP 0 352 022 B1                    10 so as to protect
the latter from any fine droplets     The recycling line is also equipped
with one or which may be present in the gaseous mixture to be  more heat
exchangers, making it possible, in par- compressed. Likewise, when the
recycling line      ticular, to cool the gaseous reaction mixture leaving
comprises at least two heat exchangers with one    the fluidized-bed
reactor before it returns into the En either side of the compressor, and
when at least   6   bottom part of the reactor. The heat exchanger or two
olefins containing from 3 to 12 carbon atoms    exchangers can be arranged
either upstream or are used, the most readily condensable liquid
downstream of the compressor. Several heat ex- olefin, containing from 6 to
12 carbon atoms for   changers can be arranged both upstream  and example
can be introduced with the organometallic  downstream of the compressor.
When the recycl- compound upstream of the heat exchanger which   10  ing
line is equipped with one or more dust separa- is arranged on the delivery
side of the compressor,  tors of the filter or cyclone type, the said dust
while the least readily condensable liquid olefin,  separator or separators
can be arranged not only containing from 3 to 5 carbon atoms for example,
upstream of the gas compressor but also upstream such as propylene or
but-1-ene, can be introduced  of the heat exchanger or exchangers situated
be- with the organometallic compound upstream of the   15  tween the outlet
of the reactor and the compressor, heat exchanger which is arranged on the
suction    and also upstream of the point or points of in- side of the
compressor.                            troduction of the organometallic
compound used as The introduction of the organometallic com-     a mixture
or as a solution in the liquid olefin. pound as a mixture or as a solution
in a liquid        The non-limiting Examples which follow illus- olefin is
effected by means of an introduction pipe   20  trate the present
invention. which opens direct into the recycling line. Advanta-   By way of
example, the installation shown in geously, the mixture or solution can be
prepared in  Figure 1 includes a fluidized-bed reactor (1) con- a chamber
specially provided for this purpose and  sisting of a vertical cylinder (2)
surmounted by a joined direct to the introduction pipe. Another vari-
tranquilization chamber (3) and provided at its bot- ant consists in
arranging, on the introduction pipe,  25  tom part with a fluidization grid
(4). It also com- a line for feeding in organometallic compound and  prises
a line (5) for recycling the gaseous reaction a line for feeding in liquid
olefin, each of which is  mixture, which joins the top of the fluidized-bed
equipped with a pump. The organometallic com-      reactor to its bottom
part. The recycling line (5) pound can be used in the pure state or in
solution  includes, in succession in the direction of flow of in an inert
and readily volatile liquid hydrocarbon   30  the gaseous reaction mixture,
a cyclone (6), a first such as n-hexane or isopentane.
tube heat exchanger (7), a compressor (9) and a The fluidized-bed reactor
can generally consist  second tube heat exchanger (10). A pipe (8) for of a
cylinder of vertical axis which is capable of  introducing an
organometallic compound mixed containing the polymer particles in the
process of  with a liquid olefin opens into the recycling line (5) forming,
which constitute the fluidized bed. The   35  between the compressor (9)
and the heat exchang- catalyst is generally introduced into the fluidized
er (10). The pipe (8) is fed with organometallic bed continuously or.
intermittently. The polymer   compound through the pipe (11) and with
liquid manufactured is drawn off from the fluidized bed   olefin through
the pipe (12). The line (14) makes it elsewhere by discharge, also
continuously or inter-  possible to feed the reactor (1) with solid
catalyst. mittently. The cylindrical part of the reactor can   40  The
polyolefin particles manufactured are dis- advantageously be surmounted by
a tranquillization  charged from the reactor (1) through the line (15).
chamber whose cross-section is wider than that of  The line (13), which
opens into the recycling line the cylinder.
(5), is a line for feeding in constituents of the A fluidization grid can
be arranged in the bot-  gaseous reaction mixture, enabling the composition
tom part of the reactor, transversely to the cylinder,  45  and pressure of
this gaseous mixture to be kept the said fluidization grid defining, in the
reactor  constant. zone situated underneath it, a chamber for admit-
Figure 2 schematically represents an installa- ting the gaseous reaction
mixture.                 tion for the gas-phase polymerization of olefins
If necessary, the recycling line is equipped    according to the present
invention, this installation with one or more dust separators of the filter
type   5o  being identical to the one shown in Figure 1 except or,
preferably, of the cyclone type, the purpose of  for the fact that the
recycling line (5) comprises which is to free the gaseous mixture leaving
the   only one tube heat exchanger (16), arranged on the reactor of most of
the particles of polymer or     suction side of the compressor (9), and a
pipe (19) catalyst carried out of the reactor. This or these  for
introducing an organometallic compound mixed means for separating the solid
particles from the   56  with a liquid olefin, opening into the line (5)
up- gaseous stream can be arranged upstream of the     stream of the heat
exchanger (16), instead of the compressor.
two heat exchangers (7) and (10) and the introduc- tion pipe (8). The pipe
(19) is fed with organometal- 6    
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a pipe (18) and with liquid     A mixture of liquid 4-methylpent-1-ene and
tri- olefin through a pipe (17).                       ethylaluminium,
containing 0.06%  by weight of Figure 3 schematically represents an
installa-  triethylaluminium, is introduced through a pipe (8), tion for
the gas-phase polymerisation of olefins  at a flow rate of 220kg/hour, into
the gaseous according to the present invention, this installation   5
mixture circulating in the recycling line (5). Under being identical to the
one shown in Figure 1 except  these conditions, the fluidized-bed reactor
operates for the fact that a pipe (20) for introducing an  continuously to
produce about 2.7 T/h of linear low- organometallic compound mixed with a
liquid olefin  density polyethylene (density = 0.92), which is opens into
the recycling line (5) upstream of the  drawn off from the reactor (1)
through the line (15). heat exchanger (7). The pipe (20) is fed with or-
10  The polymer consists of particles with a weight- ganometallic compound
through a pipe (21) and     average diameter of about 700 microns and is
free with liquid olefin through a pipe (22).           of agglomerates. It
has a residual titanium content of about 10 ppm. No blocking making it
necessary Example 1                                         to stop the
copolymerization is found in the installa- 16  tion after about one month
of production. The process is carried out in an installation such as that
represented schematically in Figure 1.  Example 2 The fluidized-bed reactor
(1), provided with a fluidization grid (4), consists essentially of a cyl-
The process is carried out in an installation inder (2) of diameter 3 m,
surmounted by a tran-  20  such as that represented schematically in Figure
2. quillization chamber (3). The total height of the  The fluidized-bed
reactor (1), provided with a reactor is about 20 m. The reactor (1)
contains a  fluidization grid (4), consists essentially of a cyl- fluidized
bed which is kept at a constant height and  inder (2) of diameter 0.9 m,
surmounted by a at a temperature of 78[err]C and which consists of a
tranquillization chamber (3). The total height of the powder of 18 T of a
linear low-density polyethylene   25  reactor is about 10 m. The reactor
(1) contains a (density = 0.92) in the process of forming, in the
fluidized bed which is kept at a constant height and form of particles with
a weight-average diameter of  at a temperature of 80 * C and which consists
of a 0.7 mm. The reactor (1) is fed through the line   powder of 400 kg of
a linear low-density polyethyl- (14) with an ethylene prepolymer consisting
of par-  ene (density = 0.92) in the process of forming, in ticles with a
weight-average diameter of 0.25 mm,  30  the form of particles with a
weight-average diam- prepared using (a) a solid catalyst of the Ziegler-
eter of 0.7 mm. The reactor (1) is fed through the Natta type described in
Example 1 of French pat-  line (14) with an ethylene prepolymer consisting
of ent no. 2 405 961, which contains especially      particles with a
weight-average diameter of 0.25 titanium, magnesium and chlorine, and (b)
tri-n-  mm, prepared using (a) a solid catalyst of the octylaluminium, in
amounts such that the molar  35  Ziegler-Natta type described in Example 1
of ratio Al/Ti  is equal to 0.7 and such that the      French patent no. 2
405 961, which contains espe- prepolymer contains 40 g of polyethylene per
mil-  cially titanium, magnesium and chlorine, and (b) tri- limol of
titanium. The rate at which the reactor is  n-octylaluminium, in amounts
such that the molar fed with prepolymer is such that it corresponds to
ratio Al/Ti is equal to 0.9 and such that the 560 millimol of titanium per
hour.           4o  prepolymer contains 40 g of polyethylene per mil- The
gaseous reaction mixture containing, by   limol of titanium. The rate at
which the reactor is volume, 30% of ethylene, 6% of hydrogen, 57% of   fed
with prepolymer is such that it corresponds to nitrogen, 6%  of
4-methylpent-1-ene and 1% of     21 millimol of titanium per hour. ethane,
under a total pressure of 2 MPa, rises       The gaseous reaction mixture
containing, by through the fluidized bed at a speed of 0.5 m/s.  45
volume, 30% of ethylene, 6% of hydrogen, 51% of The gaseous mixture leaving
through the top of the  nitrogen, 12% of but-1-ene and 1% of ethane,
reactor (1) at a temperature of 78, C arrives in a  under a total pressure
of 1.6 MPa, rises through cyclone (6). The gaseous mixture is then cooled
by  the fluidized bed at a speed of 0.5 m/s. The gas- passage through a
first tube heat exchanger (7).  eous mixture leaving through the top of the
reactor After it has been cooled a first time, the gaseous  50  (1) at a
temperature of 80 [err]C arrives in a cyclone mixture is compressed by
means of a compressor    (6). The gaseous mixture is then cooled by pas-
(9). The gaseous mixture is then cooled a second  sage through the tube
heat exchanger (16). After it time to a temperature of 54[err]C by passing
through  has been cooled in this way, the gaseous mixture a second tube
heat exchanger (10). The gaseous    is compressed by means of a compressor
(9) and mixture is finally recycled through the pipe (5) into  55  is then
recycled through the recycling line (5) into the bottom part of the reactor
(1), situated under-  the bottom part of the reactor (1), situated under-
neath the fluidization grid (4).                  neath the fluidization
grid (4). 7    13                EP0352022B1                        14 



A mixture of liquid but-1-ene and triethyl-alu-  limol of titanium. The
rate at which the reactor is minium, containing 0.013% by weight of
triethyl-   fed with prepolymer is such that it corresponds to aluminium,
is introduced through a pipe (19), at a  670 millimol of titanium per hour.
flow rate of 9 kg/hour, into the gaseous mixture       The gaseous reaction
mixture containing, by circulating in the recycling line (5).          5
volume, 26% of ethylene, 5% of hydrogen, 58% of Under these conditions, the
fluidized-bed reac-  nitrogen, 5% of 4-methylpent-1-ene, 5% of but-1- tor
operates continuously to produce about 100     one and 1% of ethane, under
a total pressure of 2 kg/h of linear low-density polyethylene (density
MPa, rises through the fluidized bed at a speed of 0.92), which is drawn
off from the reactor (1)     0.5 m/s. The gaseous mixture leaving through
the through the line (15). The polymer consists of  io  top of the reactor
(1) at a temperature of 80 [err]C particles with a weight-average diameter
of about  arrives in a cyclone (6). The gaseous mixture is 700 microns and
is free of agglomerates. It has a  then cooled by passage through a first
tube heat residual titanium content of about 10 ppm. No      exchanger (7).
After it has been cooled a first time, blocking making it necessary to stop
the poly-     the gaseous mixture is compressed by means of a merization is
found in the installation after about  is  compressor (9) and is then
cooled a second time one month of production.                           to
a temperature of 53 C by passing through a second tube heat exchanger (10).
The gaseous Example 3 (comparative)                            mixture is
finally recycled through the pipe (5) into the bottom part of the reactor
(1), situated under- The process is carried out in an installation   20
neath the fluidization grid (4). A mixture of liquid 4- identical to that
shown in Figure 2 and described in  methylpent-1-ene and triethylaluminium,
containing Example 2 except for the fact that the pipe (19)   0.1% by
weight of triethyl-aluminium, is introduced does not open into the
recycling line (5) upstream  through a pipe (8), at a flow rate of 190
kg/hour, of the heat exchanger (16), but direct (nto the    into the
gaseous mixture circulating in the recycling cylindrical part (2) of the
reactor (1), containing the   25  line (5). A  mixture of liquid but-1-ene
and fluidized bed, in particular at a point which is 0.5
triethylaluminium, containing 0.16%  by weight of m. below the point at
which the catalyst feed line  triethylalumium, is introduced through a pipe
(20), (14) opens.                                        at a flow rate of
95 kg/hour, into the gaseous Otherwise the process is carried out under
mixture circulating in the recycling line (5). conditions identical to
those described in Example  30  Under these conditions, the fluidized-bed
reac- 2. However, it is found that agglomerates from very  tor operates
continuously to produce about 3.2 T/h rapidly in the fluidized bed, making
it necessary to  of a terpolymer of ethylene, but-1-ene and 4- stop the
copolymerization.                         methylpent-1-ene of density 0.92,
which is drawn off from the reactor (1) through the line (15). The Example
4                                     35  polymer consists of particles
with a weight-average diameter of about 700 microns and is free of ag- The
process is carried out in an installation   glomerates. It has a residual
titanium content of identical to that shown in Figure 3. The fluidized-
about 10 ppm. No blocking making it necessary to bed reactor (1), provided
with a fluidization grid (4),  stop the copolymerization is found in the
installa- consists essentially of a cylinder of diameter 3 m,  40  tion
after about one month of production. surmounted by a tranquillization
chamber (3). The total height of the reactor is about 20 m. The     Claims
reactor (1) contains a fluidized bed which is kept at a constant height and
at a temperature of 80 [err] C   1. A process for the gas-phase
polymerization of and which consists of a powder of 18 T of a   45
one or more olefins, at least one of which terpolymer of ethylene,
but-1-ene and 4-methyl-        contains from 3 to 12 carbon atoms, in a
pent-1-ene (density 0.92) in the process of forming,   fluidized-bed
reactor in the presence of a cata- in the form of particles with a
weight-average diam-   lyst of the Ziegler-Natta type or a catalyst eter of
0.7 mm. The reactor (1) is fed through the     based on chromium oxide,
introduced into the line (14) with an ethylene prepolymer consisting of  so
reactor continuously or intermittently, the poly- particles with a
weight-average diameter of 0.25       mer produced being drawn off from the
reactor mm, prepared using (a) a solid catalyst of the         continuously
or intermittently and the solid par- Ziegler-Natta type described in
Example 1 of          ticles of the bed being kept in the fluidized French
patent no. 2 405 961, containing especially     state by means of a gaseous
reaction mixture titanium, magnesium and chlorine, and (b) tri-n-  545
comprising the olefin or olefins to be polymer- octylaluminium, in amounts
such that the molar        ized, which passes through the reactor and ratio
Al/Ti is equal to 0.7 and such that the          returns into the bottom
part of the reactor by prepolymer contains 40 g of polyethylene per mil-
means of a recycling line which includes a 8    13                 EP 0 352
022 B1                        14 



A mixture of liquid but-l-ene and triethyl-alu-  limol of titanium. The
rate at which the reactor is minium, containing 0.013% by weight of
triethyl-    fed with prepolymer is such that it corresponds to aluminium,
is introduced through a pipe (19), at a  670 millimol of titanium per hour.
flow rate of 9 kg/hour, into the gaseous mixture       The gaseous reaction
mixture containing, by circulating in the recycling line (5).         5
volume, 26% of ethylene, 5% of hydrogen, 58% of Under these conditions, the
fluidized-bed reac-  nitrogen, 5% of 4-methylpent-1-ene, 5% of but-1- tor
operates continuously to produce about 100      ene and 1% of ethane, under
a total pressure of 2 kg/h of linear low-density polyethylene (density
MPa, rises through the fluidized bed at a speed of 0.92), which is drawn
off from the reactor (1)      0.5 m/s. The gaseous mixture leaving through
the through the line (15). The polymer consists of  10  top of the reactor
(1) at a temperature of 80[err]C particles with a weight-average diameter
of about   arrives in a cyclone (6). The gaseous mixture is 700 microns and
is free of agglomerates. It has a   then cooled by passage through a first
tube heat residual titanium  content of about 10 ppm. No      exchanger
(7). After it has been cooled a first time, blocking making it necessary to
stop the poly-     the gaseous mixture is compressed by means of a
merization is found in the installation after about  15  compressor (9) and
is then cooled a second time one month of production.
to a temperature of 53 [err]C by passing through a second tube heat
exchanger (10). The gaseous Example 3 (comparative)
mixture is finally recycled through the pipe (5) into the bottom part of
the reactor (1), situated under- The process is carried out in an
installation   20   neath the fluidization grid (4). A mixture of liquid 4-
identical to that shown in Figure 2 and described in  methylpent-1-ene and
triethylaluminium, containing Example 2 except for the fact that the pipe
(19)    0.1% by weight of triethyl-aluminium, is introduced does not open
into the recycling line (5) upstream  through a pipe (8), at a flow rate of
190 kg/hour, of the heat exchanger (16), but direct into the     into the
gaseous mixture circulating in the recycling cylindrical part (2) of the
reactor (1), containing the   25  line (5). A  mixture of liquid  but-1-ene
and fluidized bed, in particular at a point which is 0.5
triethylaluminium, containing 0.16%  by weight of m. below the point at
which the catalyst feed line  triethylalumium, is introduced through a pipe
(20), (14) opens.                                         at a flow rate of
95 kg/hour, into the gaseous Otherwise the process is carried out under
mixture circulating in the recycling line (5). conditions identical to
those described in Example  30  Under these conditions, the fluidized-bed
reac- 2. However, it is found that agglomerates from very  tor operates
continuously to produce about 3.2 T/h rapidly in the fluidized bed, making
it necessary to  of a terpolymer of ethylene, but-1-ene and 4- stop the
copolymerization.                          methylpent-1-ene of density
0.92, which is drawn off from the reactor (1) through the line (15). The
Example 4                                      35  polymer consists of
particles with a weight-average diameter of about 700 microns and is free
of ag- The process is carried out in an installation    glomerates. It has
a residual titanium content of identical to that shown in Figure 3. The
fluidized-  about 10 ppm. No blocking making it necessary to bed reactor
(1), provided with a fluidization grid (4),  stop the copolymerization is
found in the installa- consists essentially of a cylinder of diameter 3 m,
40  tion after about one month of production. surmounted by a
tranquillization chamber (3). The total height of the reactor is about 20
m. The      Claims reactor (1) contains a fluidized bed which is kept at a
constant height and at a temperature of 80 [err] C    1. A process for the
gas-phase polymerization of and which consists of a powder of 18 T of a
45        one or more olefins, at least one of which terpolymer of
ethylene, but-1 -ene and 4-methyl-       contains from 3 to 12 carbon
atoms, in a pent-1-ene (density 0.92) in the process of forming,
fluidized-bed reactor in the presence of a cata- in the form of particles
with a weight-average diam-    lyst of the Ziegler-Natta type or a catalyst
eter of 0.7 mm. The reactor (1) is fed through the      based on chromium
oxide, introduced into the line (14) with an ethylene prepolymer consisting
of  5o  reactor continuously or intermittently, the poly- particles with a
weight-average diameter of 0.25        mer produced being drawn off from
the reactor mm, prepared using (a) a solid catalyst of the
continuously or intermittently and the solid par- Ziegler-Natta type
described in Example 1 of           ticles of the bed being kept in the
fluidized French patent no. 2 405 961, containing especially     state by
means of a gaseous reaction mixture titanium, magnesium and chlorine, and
(b) tri-n-  55    comprising the olefin or olefins to be polymer-
octylaluminium, in amounts such that the molar          ized, which passes
through the reactor and ratio Al/Ti is equal to 0.7 and such that the
returns into the bottom part of the reactor by prepolymer contains 40 g of
polyethylene per mil-       means of a recycling line which includes a 8
15                EP 0 352 022 B1                    16 



* C   L   M   S* compressor and at least one heat exchanger,
ganoaluminium compounds of the general for- characterised in that an
organometallic com-       mula [err], in which R is an alkyl radical pound
of a metal belonging to group 11 or III of  containing from 1 to 8 carbon
atoms, X is a the Periodic Table of the elements, as a mix-      hydrogen
or halogen atom or an alcoholate ture or as a solution in at least one
liquid olefin   5  group and n is an integer or fraction which can
containing from 3 to 12 carbon atoms, is intro-    take any value from 1 to
3, and from the duced into the recycling line, upstream of the
organozinc compounds of the general formula heat exchanger or of at least
one of the heat      ZnR'2, in which R' is an alkyl radical containing
exchangers.                                        from 1 to 6 carbon
atoms. 10 2. The process according to Claim 1, character-    10. The
process according to anyone of Claims 1 ized in that at least one of the
olefins contains  to 9, characterized in that the gaseous reaction from 3
to 8 carbon atoms.                          mixture comprises ethylene and
at least one olefin selected from propylene, but-1-ene, hex- 3. The process
according to Claim 1 or 2, char-  15    1-ene, 4-methylpent-1-ene and
oct-1-ene. acterized in that at least one of the liquid olefins is an
alpha-olefin containing from 3 to 8  11. The process according to anyone of
Claims 1 carbon atoms.                                      to 10,
characterized in that the gaseous reac- tion mixture comprises propylene or
propylene 4. The process according to anyone of Claims 1   20    and at
least one olefin selected from but-1-ene, to 3, characterized in that at
least one of the    hex-1-ene, 4-methylpent-1-ene and oct-1-ens. olefins is
a diene. 12. The process according to anyone of Claims 1 5. The process
according to anyone of Claims 1         to 11, characterized in that the
recycling line to 4, characterized in that the mixture or the   25
comprises at least two heat exchangers with solution introduced into the
recycling line con-   one on either side of the compressor, and the tains
from 0.001 % to 5 % by weight of the         mixture or the solution of the
organometallic organometallic compound.                           compound
is introduced into the recycling line upstream of either of the two heat
exchangers. 6. The process according to anyone of Claims 1   30 to 5,
characterized in that the mixture or the  13. The process according to
anyone of Claims 1 solution is introduced into the recycling line at  to
12, characterized in that the mixture or the a substantially constant flow
rate.                solution of the organometallic compound in at least
one liquid olefin containing from 6 to 12 7. The process according to
anyone of Claims 1   35    carbon atoms is introduced into the recycling to
6, characterized in that the mixture or the     line upstream of the heat
exchanger arranged solution is introduced into the recycling line at  on
the delivery side of the compressor. a flow rate such that the atomic
ratio, mea- sured in the fluidized bed reactor, of the total  14. The
process according to anyone of Claims 1 amount of metal of the
organometallic com-  40     to 12, characterized in that the mixture or the
pound to the amount of transition metal of the     solution of the
organometallic compound in at catalyst is comprised between 0.5 and 50.
least one of the liquid olefins selected amongst hex-1-ene,
4-methylpent-1-ene and oct-1-ene 8. The process according to anyone of
Claims 1         is introduced into the recycling line upstream to 7,
characterized in that the solid catalyst is  45  of the heat exchanger
arranged on the delivery selected from catalysts of the Ziegler-Natta
side of the compressor. type comprising essentially atoms of magne- sium,
halogen and at least one transition metal,  15. The process according to
anyone of Claims 1 and from catalysts based on chromium oxide,        to
13, characterized in that the recycling line associated with a granular
support selected   so   comprises at least two heat exchangers with from
refractory oxides, and activated by a heat    one on either side of the
compressor, and in treatment at a temperature of at least 250[err]C
that the organometallic compound, as a mix- and at most the temperature at
which the           ture or as a solution in at least one liquid olefin
granular support starts to sinter.                 containing from 6 to 12
carbon atoms, is intro- 55      duced into the recycling line, upstream of
the 9. The process according to anyone of Claims 1         heat exchanger
arranged on the delivery side to 8, characterized in that the
organometallic     of the compressor, while at least one liquid compound
is  selected  from  the  or-             olefin containing from 3 to 5
carbon atoms is 9    



17                EP 0 352 022 B1                    18 introduced in the
recycling line with the or-      eingefUhrt wird. ganometallic compound, as
a mixture or a so- lution, upstream  of the heat exchanger ar-     7.
Verfahren nach einem der Anspriche 1 bis 6, ranged on the suction side of
the compressor.      dadurch gekennzelchnet, daB das Gemisch V .  5  oder
die Losung in die RUckflhrleitung be! 1'atentansprUche
einer FlieBgeschwindigkeit eingefUhrt wird, so daB das in dem
Wirbelschichtreaktor gemesse- 1. Verfahren zur Gasphasenpolymerisation
eines         ne Atomverhaltnis der Gesamtmenge an Metall oder mehrerer
Olefine, von denen mindestens        der organometallischen Verbindung zur
Menge eines 3 bis 12 Kohlenstoffatome enthalt, in  io    an Obergangsmetall
des Katalysators zwischen einem Wirbelschichtreaktor in Gegenwart elnes
0,5 bis 50 umfalt. Katalysators vom Ziegler-Natta-Typ oder eines
Katalysators auf der Basis von Chromoxid, ein-  8  Verfahren nach einem der
AnsprUche 1 bis 7, gefUhrt in den Reaktor kontinuierlich oder in
dadurch gekennzelchnet, daB der feste Ka- intermittierender Weise, wobei
das hergestellte  15  talysator ausgewhilt ist aus Katalysatoren vom
Polymer aus dem Reaktor kontinuierlich oder        Ziegler-Natta-Typ,
umfassend im wesentlichen in intermittierender Weise abgezogen wird und
Atome von Magnesium, Halogen und minde- die Feststoffteilchen der Schicht
in aufgewir-     stens einem Obergangsmetall und aus Kataly- beltem Zustand
gehalten werden mit Hilfe ei-       satoren auf der Basis von Chromoxid,
gemein- nes gasf6rmigen Reaktionsgemisches, umfas-  20     sam mit elnem
k6mchenf6rmigen Triger, aus- send zu polymerisierendes Olefin oder zu po-
gewahlt aus feuerfesten Oxiden und aktiviert lymerisierende Olefine,
gefOhrt durch den Re-      durch eine Hitzebehandlung bei einer Tempe-
aktor und zurOckgeleitet in den unteren Teil       ratur von mindestens 250
* C und h6chstens des Reaktors mit Hilfe einer RUckfUhrleitung,      der
Temperatur, bei der der kornchenformige die einen Verdichter und mindestens
einen   25     Tr~ger zu sintern beginnt. Warmetauscher einschlieBt,
dadurch gekenn- zeichnet, daB die organometallische Verbin-     9.
Verfahren nach einem der Ansprlche 1 bis 8, dung eines Metalls, zugeh6rig
zur Gruppe II        dadurch gekennzelchnet, daB die organome- oder IlIl
des Periodensystems der Elemente,        tallische Verbindung ausgewAhIt
ist aus den als Gemisch oder als L6sung mit mindestens   30
Organo-Aluminiumverbindungen der allgemel- einem flUssigen 3 bis 12
Kohlenstoffatome auf-     nen Formel AIRnX3,-,, wobei R elnen Alkylrest
weisenden Olefin in die RUckfUhrleitung strom-     mit 1 bis 8
Kohlenstoffatomen bedeutet, X ein aufwarts zum Warmetauscher oder zumindest
Wasserstoff- oder Halogenatom oder eine Al- einem der Warmetauscher
eingefUhrt wird.           koholatgruppe darstellt und n eine ganze Zahl 35
oder ein Bruchteil ist, die einen beliebigen 2. Verfahren nach Anspruch 1,
dadurch gekenn-          Wert von 1 bis 3 annehmen k6nnen, und aus
zelchnet, daB mindestens eines der Olefine 3       Organo-Zinkverbindungen
der  aligemeinen bis 8 Kohlenstoffatome enthAlt.                    Formel
ZnR'2, worin R' einen Alkylrest mit 1 bis 6 Kohlenstoffatomen bedeutet. 3.
Verfahren nach Anspruch 1 oder 2, dadurch   40 gekennzelchnet, daB
mindestens eines der        10. Verfahren nach einem der AnsprUche 1 bis 9,
fllssigen Olefine ein a-Olefin mit 3 bis 8 Koh-    dadurch gekennzelchnet,
daB das gasformi- lenstoffatomen ist.                                ge
Reaktionsgemisch Ethylen und mindestens ein Olefin ausgewahit aus Propylen,
But-i-en, 4. Verfahren nach einem der AnsprUche 1 bis 3,  45     Hex-1-en,
4-Methylpent-1 -en und Oct-1 -en um- dadurch gekennzelchnot, daB mindestens
faBt. eines der Olefine ein Dien ist. 11. Verfahren nach einem der
AnsprUche 1 bis 10, 5  Verfahren nach einem der Anspr~che 1 bis 4,
dadurch gekennzelchnet, daB das gasf6rmi- dadurch gekennzelchnet, daB das
Gemisch   50       ge Reaktionsgemisch Propylen oder Propylen oder die
Lo-sung, eingefUhrt in die RUckfUhrlei-   und mindestens ein Olefin
ausgewAhIt aus But- tung, 0,001 bis 5 Gew.-% der organometalli-
1-en, Hex- -en, 4-Methylpent-1-en und Oct-1- schen Verbindung enthnlt.
en umfaBt. 6. Verfahren nach einem der AnsprUche 1 bis 5,  55  12.
Verfahren nach einem der AnsprUche 1 bis 11, dadurch gekennzelchnet, daB
das Gemisch            dadurch gekennzelchnet, daB die RUckflhr- oder die
Losung in die RUckftlhrleitung be! im     leitung mindestens zwei
W~rmetauscher mit wesentlichen konstanter FlieBgeschwindigkeit       einem
an jeder Seite des Verdichters umfaBt 10    19                EP 0352 022
B1                     20      1 l!IlIII MiLl lijig glIg Ug ii 



EP 0 352 022 1311~~ ~~~~~~~~~~~~~~~~  C   L   M   S * und das Gemisch oder
die Losung der organo-        partie inferieure du r6acteur au moyen d'un
metallischen Verbindung in die RUckfdhrleitung     circuit de recyclage qui
comprend un com- stromaufwarts von einem der zwei Warnotau-
presseur et au moins un 4changeur de chaleur, scher eingefUhrt wird.
caract6rise en ce qu'un compose organom6tal- 5       lique d'un metal
appartenant au groupe 11 ou IlIl 1S. Verfahron nach einem der Ansprache 1
bis 12,        du tableau periodique des elements, sous for- dadurch
gekennzelchnet, daB das Gemisch            me d'un melange ou d'une
solution dans au oder die Losung der organometallischen Ver-        moins
une olefine liquide contenant de 3 A 12 bindung in mindestens einem 6 bis
12 Kohlen-       atomes de carbone, est introduit dans le circuit
stoffatome aufweisenden flttssigen Olefin in die  1O  de recyclage, en
amont de l'echangeur de RiickfUhrleitung stromautwArts des Warmetau-
chaleur ou de au moins un des echangeurs de schers eingefUhrt wird, der an
der Abgabeseite     chaleur. des Verdichters angeordnet ist. 2. Procede
suivant la revendication 1, caract6ris6 14. Verfahren nach einem der
AnsprOche 1 bis 12,  is   en ce qu'au moins une des olefines contient
dadurch gekennzelchnet, dao  das Gemisch           de 3 A 8 atomes de
carbone. oder die Losung der organometallischen Ver- bindung in mindestens
einem der flOssigen       3. Procedd suivant la revendication 1 ou 2,
carac- Olefine, ausgewahlt unter Hex-1-en, 4-Methyl-      tdris4 en co
qu'au moins une des ol6fines pent-1-en und Oct-i-en, in die Rlckfahrleitung
2o  liquides est une alpha-ol6fine contenant de 3 A stromaufwarts zum
Warmetauscher, der an der        8 atomes de carbone. Abgabeseite des
Vordichters angeordnet ist, eingef~hrt wird.
4. ProoWd4 suivant l'une quelconque des revendi- cations 1 a 3, caract6ris6
en ce qu'au moins 15. Verfahren nach einem der AnsprUche 1 bis 13,  26
une des olefines est un diene. dadurch gekennzalchnet, daB die RUckfahr-
leitung mindestens zwei Wirmotauscher mit       5. Proc6d6 suivant I'une
quelconque des revendi- einem an jeder Seite des Verdichters angeord-
cations 1 a 4, caracterise en ce que le melan- net umfaSt, und daB die
organometallische          ge ou la solution introduite dans le circuit de
Verbindung als Gemisch oder als Losung in  30      recyclage contient de
0,001% a 5% en poids mindestens einem flUssigen 6 bis 12 Kohlen-        du
compose organomatallique. stoflatome aufweisenden Olefin in die Rlck-
flhrleitung stromaufwarts des an der Abgabe-    6. Procede suivant l'une
quelconque des revendi- seite des Verdichters angeordneten WArmetau-
cations 1 A 5, caracterise en co quo le menlan- schers eingefihrt wird,
wahrend mindestens   35    go ou la solution est introduite par le circuit
de ein flUssiges 3 bis 5 Kohlonstoffatome aufweis-    recyclage, a un debit
en substance constant. endes Olefin in die RUckftlhrloitung mit der
organometallischen Verbindung als Gemisch       7. Procedd suivant I'une
quelconque des revendi- oder als Losung stromaufwArts des an der
cations 1 a 6, caractdrise en ce que le melan- Saugseite des Verdichters
angeordneten W~r-  40    go ou la solution est introduit dans le circuit de
metauschers eingefohrt wird.                       recyclage a un d~bit tel
que le rapport atomi- que, mesure dans le rdacteur de lit fluidise, de
Revendications                                        la quantite totale de
mdtal du compose orga- nometallique, A la quantite de metal de transi- 1.
Procedd pour la polymndrisation en phase ga-  45   tion du catalyseur, est
compris entre 0,5 et 50. zeuse d'une ou plusieurs oldfines, au moins une
d'elles contient de 3 & 12 atomes de        8. Procedd suivant l'une
quelconque des revendi- carbone, dans un reacteur & lit fluidise en
cations 1 A 7, caracterise en ce quo le cataly- prdsence d'un catalyseur de
type Ziegler-Natta     sour solide est choisi parmi les catalyseurs de ou
d'un catalyseur & base d'oxyde de chrome,  so   type Ziegler-Natta
comprenant essentiellement introduit dans le reacteur de manibre continue
des atomes de magnesium, d'halogbne et au ou intermittente, le polymere
produit dtant dli-   moins un mdtal de transition, et parmi des mind du
reactour en continu ou de manibre          catalyseurs A base d'oxyde de
chrome, asso- intermittente et les particules solides du lit     cids A un
support granulaire choisi parmi les etant maintenues A I'dtat fluidise au
moyen   55   oxydes refractaires, et activds par un traite- d'un mdlange de
reaction gazeux comprenant         ment A la chaleur A une tempdrature d'au
la ou les olefines A polymiriser, qui passent au   moins 250 IC et au moins
A la temperature A travers du reacteur et qui retournent dans la
laquelle le support granulaire commence a 11    
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15. Procddd suivant l'une quelconque des revendi- cations 1 a 13,
caracterisd en co quo le circuit 9. Proced4 suivant l'une quelconque des
revendi-      de recyclage comprend au moins deux 6chan- cations 1 A 8,
caractkris6 en ce quo lo compo-    gours de chalour avec un sur chaque cbte
du '     se organometallique est choisi parmi les corn-   5  compresseur,
et en co quo le compos6 orga- poses organoaluminium de formulo gen6rale
nomdtallique, sous la forme d'un melange ou AIRX3-n, dans loquel R est un
radical alcoyle    d'une solution dans au moins une olefine liqui-
contenant de 1 a 8 atomes de carbone, X est       de contenant de 6 a 12
atomes de carbone, un atome d'hydrogene ou d'halogene ou un          est
introduite dans le circuit de recyclage, en radical alcoolate et n est un
nombre entier ou   10  amont de I'6changeur de chaleur place sur le
fractionnaire qui pout Otre toute valeur compri-  c8te de liberation du
compresseur, pendant se entre 1 at 3, et parmi les composds organo-
qu'au moins une olefine liquide contenant de 3 zinc de formulo g~n~rale
ZnR'2, dans lesquels     a 5 atomes de carbone est introduite dans le R'
est un radical alcoyle compronant de 1 a 6     circuit de recyclage avoc le
compose organo- atomes de carbone.                        15
metallique, sous la forme d'un melange ou d'une solution, en amont de
l'6changeur de 10. Procede suivant P'une quelconque des revendi-    chalour
plac6 sur le c8t6 d'aspiration du corn- cations 1 & 9, caractdrisc en ce
quo le melan-    presseur. ge de reaction gazeux comprend de l'6thylone et
au moins une olefine choisie parmi propylb-  20 ne, but-1-eno, hex-i-bne,
4-mrthylpent-i-bne et oct--one. 11. Procede suivant l'une quelconque des
revendi- cations 1 a 10, caractdrise en ce quo le m~lan-  25 go de reaction
gazeux comprend du propylone ou du propylene et au moins une olefine chol-
sie parmi but-1-eno, hex-i-Mne, 4-mdthylpent- 1-Moe et oct-1-eoe. 30 12.
Procedd suivant l'une quelconque des revendi- cations 1 a 11, caracterise
on ce quo le circuit de recyclage comprend au moins deux dchan- geurs de
chalour avec un de chaque c8t6 du compresseur, et le mdlange de la solution
du   35 composd organom6tallique est introduit dans le circuit de recyclage
en amont de l'un des deux dchangeurs de chaleur. &-13  Procedd suivant
l'une quelconque des rovendi-  40 cations 1 a 12, caracterise on co quo le
m~lan- ge ou la solution du composc organometalli- quo dans au moins une
olefine liquide conte- nant de 6 & 12 atomes de carbone est introduit dans
le circuit de recyclage on amont do   45 I'4changeur de chaleur place sur
le c8te de liberation du compresseur. 14. Procd4 suivant l'une quelconque
des revendi- cations 1 & 12, caracterise en ce quo le melan-  so ge ou la
solution du compose organometalli- quo dans au moins une des olefines
liquides choisies parmi hex-i-ene, 4-mdthylpent-1-bne et oct-1-Moe oct
introduite dans le circuit de recyclage en amont de I'6changeur de chaleur
5s plac6 sur le c8t6 de liberation du compres- seur. 12    


