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however, it will not be possible to avoid a drop in the polymer production
and a deterioration of the The present invention relates to a process for
quality of the polymer manufactured. Consequent- the gas-phase
polymerization of an alpha-olefin in a  ly, if it is desired to avoid these
disadvantages, the reactor with a fluidized and/or mechanically agi-   5
general polymerization conditions are usually cho- rated bed, in the
presence of a catalyst based on a  sen with a safety margin such that hot
spots and transition metal.                                  agglomerates
cannot form. Nevertheless, the ap- It is known to polymerize continuously
one or   plication of such conditions unavoidably results ei- more
alpha-olefins, such as ethylene or propylene,  ther in a substantial loss
of production or in a in the gas-phase in a reactor with a fluidized and/or
10  deterioration of the quality of the polymer manufac- mechanically
agitated bed, in the presence of a    tured, especially an increase in the
proportion of catalyst based on a transition metal belonging to  catalyst
residues in the polymer. groups IV, V or VI of the Periodic Table of the
These superactivation phenomena are likely to Elements; in particular in
the presence of a catalyst  occur especially when using a high yield
catalyst of the Ziegler-Natta type or a catalyst based on   15  whose
polymerization activity can vary consider- chromium oxide. The polymer
particles in the pro-  ably for very small variations in the proportion of
cess of forming are kept in the fluidized and/or   impurities in the
polymerization medium. This is agitated state in a gaseous reaction mixture
con-  the case in particular with catalysts of the Ziegler- taining the
alpha-olefin or alpha-olefins, which are  Natta type based on magnesium,
halogen and a introduced continuously into the reactor. The cata-  20
transition metal such as titanium, vanadium or zir- lyst is introduced
continuously or intermittently into  conium. Such superactivation phenomena
can also the reactor while the polymer constituting the     develop when
using comonomers which are ca- fluidized and/or mechanically agitated bed
is with-  pable of activating the polymerization of an alpha- drawn from
the reactor, also continuously or inter-  olefin, especially in the case of
the copolymeriza- mittently. The heat of the polymerization reaction is  25
tion of ethylene with alpha-olefins containing from 3 essentially removed
by the gaseous reaction mix-   to 8 carbon atoms (Polymer Science USSR,
vol.22. ture, which passes through a heat transfer means   1980, pages
448-454). before being recycled into the reactor.                European
Patent Applications No. 0 170 410 When a process for the gas-phase
polymeriza-    and No. 0 188 914 disclose processes for (co- tion of an
alpha-oelfin is carried out in the presence   30  )polymerizing
alpha-olefin(s) in the presence of a of a catalyst of high activity, it has
been observed  Ziegler-Natta catalyst system which is brought into that
small variations in the course of the poly-   contact with an activity
inhibitor prior to polymeriza- merization, resulting for example from
slight fluc-  tion. The inhibitor is not used during the poly- tuations in
the quality of the catalyst or the alpha-  merization and is not
continuously introduced into olefins used in the reaction, can cause
changes in  35  the polymerization medium at a flow rate varying the
behaviour and the catalytic activity of the poly-  with time. mer particles
in the process of forming in the bed.    US Patent No. 3 067 190 discloses
a process These small variations are known to have a particu-  for
polymerizing alpha-olefins in the presence of a ularly adverse effect in a
gas-phase polymerization  Ziegler-Natta catalyst system  in a liquid phase.
process because of the fact that the heat exchange   40   During the
polymerization, carbon monoxide is con- capacity of a gas-phase is much
lower than that of  tinuously introduced into the polymerization me- a
liquid-phase. In particular, these small variations  dium, but at a flow
rate which is not varied with can cause an unexpected increase in the
amount     time. The European Patent Application and the US of heat evolved
by the reaction which cannot be    Patent do not suggest that a flow rate
of an activity removed sufficiently rapidly and efficiently by the   45
retarder can be varied with time during a gas gaseous reaction mixture
passing through the bed,  phase polymerization of alpha-olefin in response
to and can give rise to the appearance of hot spots in  the polymerization
rate or in response to the con- the bed, as well as the formation of
agglomerates  tent of the transition metal in the polymer product, of
molten polymer. When hot spots appear in the    so as to keep substantially
constant either the bed, it is generally too late to prevent the formation
50  polymerisation rate or the content of the transition of agglomerates.
However, if the reaction condi-   metal in the polymer product. tions are
corrected sufficiently early, especially by  Soviet Union Patent No. 1 249
025 discloses a lowering the polymerization temperature or pres-   method
of controlling alpha-olefin polymerization in sure, or reducing the rate at
which catalyst is    gas-phase in the presence of a catalyst, hydrogen
supplied to the reactor in order to restrict the   55  and carbon dioxide.
The method essentially con- adverse effects of unexpected superactivation,
the  sists of the adjustment of the melt flow ratio of the amount and size
of the agglomerates formed can     polyolefin which is a physical property
characteriz- be reduced to a certain extent. During this period,  ing the
molecular weight distribution of the poly- 2  
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adjustment of the melt flow ratio is car-  and/or phosphorus atom. It can
be selected from a ried out by measuring a relatively high concentra-
wide variety of electron donor compounds such as tion of carbon dioxide in
the reactor and by chang-  amines, amides, phosphines, sulphoxides, sul-
ing the flow rate of carbon dioxide which induces a  phones, esters, ethers
or thioethers. change in the specific efficiency of the polymerisa-   5  It
is particularly recommended to use an activ- tion catalyst. However, this
method does not de-    ity retarder in an amount which is capable of re-
scribe a process for keeping substantially constant  ducing the
polymerization rate without substantially either the polymerization rate or
the catalyst con-  affecting the quality and the properties of the poly-
tent in the polyolefin produced.                     mer manufactured, such
as the melt index, the melt A proces for the gas-phase polymerization of
10  flow ratio, the average molecular weight, the molec- an alpha-olefin
has now been found which makes it    ular weight distribution or the
stereo-specificity of possible to overcome, or at least mitigate, the
the polymer. In fact, since it is the very principle of above-mentioned
disadvantages. In particular, the    the present invention that the rate of
introduction of process makes it possible to manufacture polymers   the
activity retarder into the reactor can vary with continuously, with a high
productivity and a low   15  time, the properties of the polymer
manufactured content of catalyst residues, without concern for the  could
vary considerably during the reaction if the unavoidable slight variations
in the quality of the  activity retarder used had an important influence on
alpha-olefins or the catalyst or in the suply of    the properties of the
polymer. Such a result would catalyst to the reactor.
be contrary to the object of the present invention. It is found that, by
virtue of this process, it is  20   However, in view of the conditions
under which the now possible to produce continuously a polymer of
activity retarder is used in the process, especially a constant and
satisfactory quality, with a high     the very small amount introduced into
the reactor, degree of reproducibility and high yield, without    the
choice of activity retarder can still be made forming agglomerates.
from a large number of products such as poly- The present invention
therefore relates to a   25   merization inhibitors and electron donor com-
process for the continuous gas-phase polymeriza-     pounds. It is
nevertheless preferable to use the tion of one or more alpha-olefins in a
reactor hav-  conventional polymerization poisons, in particular ing a
fluidized and/or mechanically stirred bed, with  alcohols, carbon monoxide,
carbon dioxide or oxy- the aid of a catalyst and an activity retarder,
char-  gen, as well as electron donor compounds, in par- acterized in that
the polymerization is carried out  30  ticular amides and ethers. It has
been found that by bringing a catalyst based on a transition metal
excellent results are obtained with oxygen and belonging to Groups IV, V or
VI of the Periodic      amides. Classification of the elements into contact
with the    The activity retarder can be used in the pure alpha-olefin(s)
and a very small amount of the       state or, preferably, diluted in gas
such as nitrogen, activity retarder which is introduced continuously  35
or dissolved in a readily volatile liquid hydrocarbon. into the reactor so
that the molar ratio of the      A further possibility is to use a mixture
of two or amount of activity retarder introduced to the        more
activity retarders. When oxygen is employed amount of alpha-olefin(s)
introduced is from 10-8    as an activity retarder, it may be employed
mixed to 10-5, and at a flow rate which is varied with     with nitrogen.
In certain cases, atmospheric air or time, so as to keep substantially
constant either the   40  oxygen-depleted air may also be employed.
polymerization rate or the content of transition met-   According to the
present invention, the activity al in the polymer produced.
retarder has to be continuously introduced into the The activity retarder
is selected from a wide    polymerization reactor. In practice, it is
introduced variety of products which are capable of reducing    into the
reactor at the same time as the alpha- the polymerization rate of an
alpha-olefin in the   45  olefin(s), continuously or in an almost
continuous, presence of a catalyst based on a transition metal.
intermittent manner, so that the interruption time is The activity retarder
can be selected especially     so short that it cannot affect the
polymerization rate from polymerization inhibitors or from the poisons
which is kept substantially constant. If the introduc- known for this type
of reaction. Activity retarders  tion of the activity retarder is
interrupted, or if the which can be selected in particular are carbon   50
interruption time is too long, the activity of the monoxide, carbon
dioxide, carbon disulphide, car-    polymerization catalyst in the reactor
may increase bon oxysulphide, nitrogen oxides and peroxides,      because
of the absence of the activity retarder, the oxygen, alcohols, aldehydes,
ketones, thiols and     polymerization rate is then no longer controlled
and water. The activity retarder can also be selected    may change rapidly
with the quality of the reac- from electron donor compounds capable of
corn-  55  tants or the catalyst and produce agglomerates. plexing the
catalyst and reducing the polymeriza-       It has also been found that the
activity retarder tion rate, in particular from organic compounds     is
introduced into the reactor in an amount which is containing at least one
oxygen, sulphur, nitrogen    so small that it is not possible to measure
the 
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this retarder in the gaseous reaction  ity of the reactants or the catalyst
or in the supply mixture circulating through the reactor. The propor-  of
catalyst to the reactor. It is estimated that a tion of the activity
retarder is much lower than 1   polymerization rate is considered to be
substan- part by weight per million (ppm) and generally      tially
constant with time when the amount of lower than 0.1 ppm. The amount of the
activity   5   polyolefin produced per hour does not vary by retarder in
the gaseous reaction mixture circulating  more than 5% by weight,
preferably by more than through through the reactor generally is not mea-
3% by weight. surable by usual apparatus, such as an oxygen           In
another variant of the process, it has also analyzer with electrochemical
sensor, or acarbon     been discovered that the flow rate of introduction
of monoxide/dioxide analyzer by gas chromatography   io  the activity
retarder can be modified with time in with methanation furnace sensor, or
an organic       order to keep substantially constant the content of
compound analyzer with thermo-ionic sensor. In      transition metal in the
polymer produced when the practice, the amount of the activity retarder
intro-  quality of the reactants or the catalyst, or the duced into the
reactor is such that the molar ratio  supply of catalyst to the reactor,
fluctuates during of the amount of activity retarder introduced to the   15
the polymerization. It is estimated that this content amount of
alpha-olefin(s) introduced is 10-8 to     is considered to be substantially
constant when the 10-5, preferably 5 x 10-8 to 2 x [err], more
content by weight of transition metal in the polymer particularly [err]. It
has been found, sur-   does not vary by more than 10%, preferably by
prisingly, that the very small amount of activity    more than 5%. retarder
used is able to provide a polyolefin gas-  20    A gas-phase polymerization
process is gen- phase process with a high productivity and a high    erally
carried out by maintaining substantially con- reproducibility without
forming agglomerates. The   stant operating conditions, such as the
composition amount of activity retarder generally depends on     of the
gaseous reaction mixture, the total pressure, the type of gas-phase
polymerization system and      the catalyst feeding rate, the height or the
weight of on the type of catalyst used. The lowest amount of  25  the bed,
the polymerization temperature and the activity retarder to be used and
consequently the   gas velocity. Under these circumstances, the poly-
minimum flow rate of introduction of activity re-    merization rate may be
easily determined and cal- tarder into the reactor may be easily determined
by  culated, because it is directly related to the poly- the maximum  heat
exchange of the gas-phase          mer production, i.e. the rate of
withdrawing of the polymerization  system   or by  the  maximum   30
polymer, or to the rate of introduction of alpha- polyolefin production
without forming agglomerates.  olefin(s), or to the difference between
inlet gas Furthermore, the highest amount of activity retarder  temperature
and exit gas temperature when taking to be used and hence the maximum flow
rate of        into account the rate of heat generation is directly
introduction of activity retarder into the reactor may  related to polymer
formation. be directly connected with the highest value of the   35  Thus,
for example, when it is observed, during concentration of impurities
brought by the reactants  the polymerization, that the polyolefin
production is into the reactor when the quality of reactants fluc-  tending
to increase or that the content of transition tuates. In particular, if the
minimum flow rate of   metal in the polymer produced is tending to de-
introduction of the activity retarder is too low, it has  crease, because
of an unexpected drop in the been observed that, during the polymerization,
the   40  impurities in the alpha-olefins introduced into the polymer
production can drop appreciably to a level  reactor, or because of using a
new catalyst which such that the introduction of the activity retarder  is
slightly more active than the previous one, or has to be stopped. In this
case, the drop in produc-  again because of a greater supply of catalyst to
the tion can become unavoidable and the content of      reactor than was
anticipated, the flow rate of in- catalyst residues in the polymer can
increase sig-   45  troduction of the activity retarder is then increased
nificantly.                                          so as to keep constant
the polymerization rate, in It has also been found that if the flow rate of
particular the polymer production, or the content of introduction of the
retarder is too high, i.e. if the  transition metal in the polymer
produced. If the flow molar ratio of the amount of activity retarder intro-
rate is not varied or if this variation is too small, the duced to the
amount of alpha-olefins introduced is  50  adverse effects of
superactivation will rapidly occur excessive, the polymer production falls
or the con-  with the appearance of hot spots and agglomerates tent of
catalyst residues in the polymer can in-    in the bed. Conversely, when it
is observed, during crease considerably.                                the
polymerization, that the polyolefin production is According to the present
invention, it has also  tending to decrease or that the content of
transition been discovered that the flow rate of introduction of  55
metal in the polymer produced is tending to in- the activity retarder has
to be varied with time in  crease, the flow rate of introduction of the
activity 



order to keep the polymerization rate substantially  retarder is then
reduced so as to keep constant the constant when slight fluctuations occur
in the qual-  polymerization rate, in particular the polymer pro- 4    7
EP 0 359 444 B1                          8 duction, or the content of
transition metal in the   at least 250 [err] and at most the temperature at
polymer produced. If the flow rate is not varied or if  which the granular
support may start to sinter, this variation is too small, the polymer
production  preferably at a temperture of between 350[err] and unavoidably
falls and the content of transition metal  1000[err] in the polymer
increases. It has been observed,   5     The catalyst of high activity can
be used direct surprisingly, that, by virtue of the process of the  as such
or in the form of a prepolymer. The con- present invention, it is now
possible to carry out a  version to prepolymer is generally carried out by
gas phase polymerization at higher temperatures      bringing the catalyst
into contact with one or more and under higher alpha-olefin pressures than
pre-    alpha-olefins in amounts such that the prepolymer viously. One of
the unexpected advantages of the   10  contains between 0.002 and 10
millimol of transi- process is that the polyolefin production can be
tion metal per gram. These reactants can also be increased to 20% without
the risk of forming hot     brought into contact in the presence of an or-
spots and agglomerates. By virtue of the continu-    ganometallic compound
of a metal belonging to ous introduction of the activity retarder in a very
groups I, 11 or III of the Periodic Table of the small amount varying with
time, it is now possible  15  elements, in amounts such that the molar
ratio of to produce polyolefins of an excellent quality with a  the amount
of metal in the said organometallic high degree of reproducibility, despite
substantial  compound to the amount of transition metal is and unexpected
variations in the quality of the      between 0.1 and 50, preferably
between 0.5 and reactants, the activity of the catalyst or the supply  20.
The catalyst of high activity, used directly or of catalyst to the reactor.
20  after a prepolymerization step, is introduced con- Another unexpected
advantage of the present      tinuously or intermittently into the
fluidized and/or invention is that polyolefins thus manufactured
mechanically agitated bed reactor. have an appreciably reduced content of
transition       The polymerization is carried out continuously metal and,
consequently, are of a superior quality,  in a fluidized and/or
mechanically agitated bed by without forming agglomerates. Another
advantage   25  techniques known per se and using equipment of the process
arises from the fact that control of  such as that described in French
patent no. 2 207 the polymerization is not associated with measure-   145
or French patent no. 2 335 526. The process is ment of the concentration of
activity retarder in the  very particularly suitable for very large
industrial polymerization medium, and that the polymer pro-    reactors in
which the least variation in the poly- duction can be regulated direct via
the flow rate of  30   merization rate can very rapidly lead to adverse
introduction of the activity retarder without substan-  effects such as the
formation of agglomerates. The tially changing all the other operating
conditions.  gaseous reaction mixture containing the alpha- By virtue of
this process, it is also possible to  olefin(s) to be polymerized is
generally cooled by use very high yield catalysts whose polymerization
means of at least one heat exchanger located out- activity is particularly
sensitive to slight variations in  35  side the reactor, before being
recycled via a re- the polymerization conditions. These catalysts can
cycling line. The activity retarder can be introduced be introduced into
the reactor continuously or inter-  direct into the reactor, preferably
into a zone of the mittently. It is possible to use more active cata-
reactor where the activity retarder is dispersed lysts, in particular
catalysts of the Ziegler-Natta  rapidly, for example underneath a
fluidization grid. type based on magnesium, halogen, titanium   40  It can
also be introduced into the line for recycling and/or vanadium and/or
zirconium. It is also possi-  the gaseous reaction mixture or into the line
for ble to increase the activity of these catalysts by the  supplying the
reactor with alpha-olefin(s). If the addition of greater amounts of a
cocatalyst se-     recycling line includes a means for separating the
lected from organometallic compounds of metals       gas from the fine
solid particles entrained with this belonging to Groups I, II or III  of
the Periodic Table  45   gas, such as a cyclone, and a means for recycling
of the elements, in particular from organo-alumin-  these fine particles
direct into the polymerization ium compounds.
reactor, the activity retarder can be introduced at It is also possible to
use a modifier agent of   any point on the gas/solid separation means or on
the catalyst, in particular a selectivity agent, such  the means for
recycling the fine particles. as an aromatic ester or a silicium compound,
which   so  The activity retarder may be advantageously is introduced into
the reactor continuously at a     introduced at two or more points, more
particularly constant flow rate and in a determined constant      in the
recycling line of the gaseous reaction mix- molar ratio with the transition
metal of the catalyst.  ture and in the gas/solid separation means, or the
It is also possible to use a catalyst of high activity  fine particle
recycling line, or in the reactor, par- 



based on chromium oxide associated with a granu-   55  ticularly in the
upper part of the reactor. lar support based on a refractory oxide such as
The polymerization reaction is generally carried silica, alumina or
aluminium silicate, and activated  out under a pressure of 0.5 to 5 MPa and
at a by a heat treatment at a temperature of preferaby   temperature of 0
to 135[err] The process is suitable    9                 EP 0 359 444 B1
10 for the polymerization of one or more alpha-olefins    A gas mixture
containing 98% of nitrogen and containing from 2 to 8 carbon atoms, in
particular  2% of oxygen by volume is introduced continu- for the
polymerization of ethylene or propylene. It  ously during the
polymerization into the ethylene is very particularly suitable for the
copolymerization  feeding line connected to the polymerization reac- of
ethylene with at least one alpha-olefin containing   5   tor. The flow rate
of the gas mixture containing from 3 to 8 carbon atoms, or for the
copolymeriza-  oxygen varies with time between 62 g/h and 188 tion of
propylene with at least one alpha-olefin   g/h, so as to maintain the
output of linear low containing from 4 to 8 carbon atoms, if appropriate
density of polyethylene at a constant value, equal with ethylene and/or a
non-conjugated diene. The   to 13.5  0.4 tonnes per hour, whatever the un-
gaseous reaction mixture can contain hydrogen   10  avoidable fluctuations
in the quality of the catalyst and an inert gas selected for example from
nitro-  and that of the reactants employed in the process. gen, methane,
ethane, propane, butane, isobutane   Under these conditions, the oxygen
content of the or isopentane. When a fluidized-bed reactor is     ethylene
fed to the reactor varies with the time used, the fluidization speed of the
gaseous reaction  from 0.01 to 0.3 volumes per million (vpm) and the
mixture passing through the bed is 2 to 10 times   15   molar ratio of the
amount of oxygen introduced to the minimum fluidization speed. The polymer
man-   the amounts of ethylene and 1-butene introduced ufactured is
withdrawn from the reactor continu-   varies from 1 x 10-7 to 3 x 10-7. It
has been ously or, preferably, intermittently.              ascertained
that it is impossible to detect the pres- ence of oxygen in the gas
reaction mixture cir- Example 1                                    20
culated through the fluidized bed (oxygen content being below 0.1 vpm). It
has been noted that after The process is carried out in a fluidised-bed,  a
number of days of continuous polymerization gas-phase polymerization
reactor consisting of a   under these conditions the polymer output has
vertical cylinder of diameter 4.5 m and surmounted  remained constant
without formation of agglomer- by a velocity reduction chamber. In its
lower part,  25  ates and that the quality of the linear low density the
reactor is equipped with a fluidisation grid and  polyethylene manufactured
in this way remains an external line for recycling gas, connecting the
constant and satisfactory, despite the random vari- top of the velocity
reduction chamber to the lower  ations in catalyst activity and the
fluctuations, which part of the reactor, situated under the fluidisation
are unforeseeable and difficult to detect, in the grid. The gas recycling
line is equipped with a gas   30  impurities introduced by ethylene,
1-butene and circulation compressor and with means of heat      the other
constituents of the gas reaction mixture. transfer. Opening into the gas
recycling line there  In particular, the carbon monoxide content of eth-
are, in particular, the feed lines for ethylene, 1-  ylene fed to the
reactor generally fluctuates at a butene, hydrogen and nitrogen, which
represent     level below or close to 0.1 vpm. the main constituents of the
gas reaction mixture  35 passing through the fluidised bed.
Example 2 (comparative) Above the fluidisation grid, the reactor contains a
fluidised bed consisting of 52 tonnes of a linear    The process is carried
out under conditions low  density polyethylene powder being formed,
which are exactly identical with those described in consisting of particles
with a mass average diam-  40   Example 1, except for the fact that no gas
mixture eter of 0.7 mm. The gas reaction mixture, which    containing
oxygen is introduced into the ethylene contains, by volume 42% of ethylene,
18% of 1-     fed to the polymerization reactor. butene, 8%  of hydrogen
and 32%  of nitrogen,          Under these conditions it is found very
rapidly passes through the fluidised bed at a pressure of 2  that the
output of linear low density polyethylene MPa, at 80 [err] and with an
upward fluidisation ve-  45  varies with time between approximately 11.5
and locity of 0.5 m/s.                                 14.5 tonnes per hour
and cannot be substantially A catalyst which is identical with that
described  kept constant, that the quality of the polymer man- in Example 1
of French Patent No. 2,405,961,       ufactured fluctuates very markedly
and that ag- which contains magnesium, chlorine and titanium,   glomerates
of molten polymer are formed. and which has previously been converted into
a   50 prepolymer containing 40 g of polyethylene per     Example 3
millimol of titanium and a quantity of tri-n-oc- tylaluminium (TnOA) such
that the Al/Ti molar ratio    The process is carried out in a
fluidised-bed, 



is equal to 0.85  0.05, is introduced into the    gas phase polymerisation
reactor consisting of a reactor intermittently in the course of time. The
55  vertical cylinder of diameter 0.9 m and height 6 m flow rate of
introduction of the prepolymer into the  and surmounted by a velocity
reduction chamber. reactor is 150 kg/h.                               In
its lower part, the reactor is equipped with a fluidisation grid and an
external line for recycling 6    11                EP 0 359 444 B1
12 gas connecting the top of the velocity reduction   content of ethylene
fed to the reactor generally chamber to the lower part of the reactor,
situated  fluctuates at a level below or close to 0.1 vpm. under the
fluidisation grid. The gas recycling line is equipped with a gas
circulation compressor and     Claims means of heat transfer. Into the gas
recycling line   5 there open, in particular, the feed lines for eth-  1.
Process for continuous gas phase polymerisa- ylene, 1-butene, hydrogen and
nitrogen, which re-     tion of one or more alpha-olefins in a reactor
present the main constituents of the gas reaction      containing a
fluidised and/or mechanically mixture passing through the fluidised bed.
stirred bed, with the aid of a catalyst and of an Above the fluidisation
grid, the reactor contains  10  activity retarder, characterised in that
the poly- a fluidised bed consisting of 400 kg of a linear low   merisation
is carried out by bringing a catalyst density polyethylene powder being
formed, con-         based on a transition metal belonging to sisting of
particles with a mass average diameter of   groups IV, V or VI of the
Periodic Classification 0.7 mm. The gas reaction mixture which contains
of the elements into contact with the alpha- 30%  of ethylene, 12%  of 1
-butene, 6%  of hy-  15    olefin(s) and a very small amount of the activ-
drogen and 51% of nitrogen and 1% of ethane by         ity retarder which
is introduced continuously volume, passes through the fluidised bed at a
into the reactor so that the molar ratio of the pressure of 1.6 MPa, at
[err] and with an upward       amount of activity retarder introduced to
the fluidisation velocity of 0.5 m/s.                      amount of the
alpha-olefin(s) introduced is A catalyst which is identical with that
described   20  from [err] to 10-5, and at a flow rate which is in Example
1 of French Patent No. 2,405,961,           varied with time so as to keep
substantially which contains magnesium, chlorine and titanium
constant either the rate of polymerisation or and which has previously been
converted into a         the content of transition metal in the polymer
prepolymer containing 40 g of polyethylene per         produced. millimol
of titanium  and a quantity of tri-n-oc-  25 tylaluminium (TnOA) such that
the AI/Ti molar ratio  2. Process according to Claim 1, characterised in is
equal to 1.85 + 0.05, is introduced into the        that the activity
retarder is selected from poly- reactor intermittently in the course of
time. The      merisation inhibitors and electron-donor com- flow rate of
introduction of the prepolymer into the   pounds. reactor is 0.7 kg/h.
30 A solution of dimethylformamide (DMF) in        3. Process according to
Claim 2, characterised in isopentane, containing 0.004 mol of DMF per
litre,    that the polymerisation inhibitor is chosen from is introduced
continuously during the polymerize-      carbon monoxide, carbon dioxide,
carbon dis- tion into the gas recycling line. The flow rate of this
ulphide, carbon oxysulphide, nitrogen oxides solution varies with time
between 125 ml/h and 300   35  and peroxides, alcohols, thiols, aldehydes,
ml/h, so as to keep the output of linear low density   ketones, oxygen and
water. polyethylene at a constant value equal to 100  3 kg per hour
whatever the unavoidable fluctuations  4. Process according to claim 2,
characterised in in the quality of the catalyst and that of the reac-
that the electron donor compound is selected tants employed in the process.
40       from amines, amides, phosphines, sulphoxides, Under these
conditions, the molar ratio of the     sulphones, esters, ethers and
thioethers. amount of DMF introduced to the amounts of eth- ylene and
1-butene introduced varies from 1.5 x    5. Process according to Claim 1,
characterised in [err]It has been ascertained that it is  that the catalyst
is a catalyst of the Ziegler- impossible to detect the presence of DMF in
the   45   Natta type based on magnesium, halogen, gas reaction mixture
which circulates through the      titanium and/or vanadium and/or
zirconium. fluidised bed (DMF content being below 0.1 vpm). It has been
noted that after several days of continu-  6. Process according to Claim 1,
characterised in ous polymerisation under these conditions the
that the catalyst is based on chromium oxide polymer output has remained
constant without for-  so  combined with a granular support based on a
mation of agglomerates and that the quality of         refractory oxide and
activated by a heat treat- 



linear low density polyethylene manufactured in        ment. this way
remains constant and satisfactory, despite the random variations in
catalyst activity and the  7. Process according to Claim 1, characterised
in fluctuations, which are unforeseeable and difficult  55  that the
alpha-olefin(s) contain from 2 to 8 to detect, in the impurities introduced
by ethylene,   carbon atoms. 1-butene and the other constituents of the gas
reaction mixture. In particular, the carbon monoxide 7    11
EP 0 359 444 B1 gas connecting the top of the velocity reduction    content
of ethylene fed to the reactor generally chamber to the lower part of the
reactore situated  fluctuates at a level below or close to 0.1 vpm. under
the fluidisation grid. The gas recycling line is equipped with a gas
circulation compressor and      Claims means of heat transfer. Into the gas
recycling line    5 there open, in particular, the feed lines for eth-  1.
Process for continuous gas phase polymerisa- ylene, 1-butene, hydrogen and
nitrogen, which re-      tion of one or more alpha-olefins in a-reactor
present the main constituents of the gas reaction       containing a
fluidised and/or mechanically mixture passing through the fluidised bed.
stirred bed, with the aid of a catalyst and of an Above the fluidisation
grid, the reactor contains   10  activity retarder, characterised in that
the poly- a fluidised bed consisting of 400 kg of a linear low
merisation is carried out by bringing a catalyst density polyethylene
powder being formed, con-          based on a transition metal belonging to
sisting of particles with a mass average diameter of    groups IV, V or VI
of the Periodic Classification 0.7 mm. The gas reaction mixture which
contains         of the elements into contact with the alpha- 30%  of
ethylene, 12%  of 1 -butene, 6%  of hy-   15    olefin(s) and a very small
amount of the activ- drogen and 51% of nitrogen and 1% of ethane by
ity retarder which is introduced continuously volume, passes through the
fluidised bed at a           into the reactor so that the molar ratio of
the pressure of 1.6 MPa, at 80 C and with an upward         amount of
activity retarder introduced to the fluidisation velocity of 0.5 m/s.
amount of the alpha-olefin(s) introduced is A catalyst which is identical
with that described   20  from 10-8 to [err] and at a flow rate which is in
Example 1 of French Patent No. 2,405,961,            varied with time so as
to keep substantially which contains magnesium, chlorine and titanium
constant either the rate of polymerisation or and which has previously been
converted into a          the content of transition metal in the polymer
prepolymer containing 40 g of polyethylene per          produced. millimol
of titanium  and a quantity of tri-n-oc-  25 tylaluminium (TnOA) such that
the Al/Ti molar ratio  2. Process according to Claim 1, characterised in is
equal to 1.85 + 0.05, is introduced into the        that the activity
retarder is selected from poly- reactor intermittently in the course of
time. The       merisation inhibitors and electron-donor com- flow rate of
introduction of the prepolymer into the    pounds. reactor is 0.7 kg/h.
30 A solution of dimethylformamide (DMF) in         3. Process according to
Claim 2, characterised in isopentane, containing 0.004 mol of DMF per
litre,      that the polymerisation inhibitor is chosen from is introduced
continuously during the polymeriza-       carbon monoxide, carbon dioxide,
carbon dis- tion into the gas recycling line. The flow rate of this
ulphide, carbon oxysulphide, nitrogen oxides solution varies with time
between 125 ml/h and 300   35  and peroxides, alcohols, thiols, aldehydes,
ml/h, so as to keep the output of linear low density    ketones, oxygen and
water. polyethylene at a constant value equal to 100  3 kg per hour
whatever the unavoidable fluctuations   4. Process according to claim 2,
characterised in in the quality of the catalyst and that of the reac-
that the electron donor compound is selected tants employed in the process.
40       from amines, amides, phosphines, sulphoxides, Under these
conditions, the molar ratio of the      sulphones, esters, ethers and
thioethers. amount of DMF introduced to the amounts of eth- ylene and
1-butene introduced varies from 1.5 x     5. Process according to Claim 1,
characterised in 10-7 to 5 x 10-7. It has been ascertained that it is
that the catalyst is a catalyst of the Ziegler- impossible to detect the
presence of DMF in the   45    Natta type based on magnesium, halogen, gas
reaction mixture which circulates through the      titanium and/or vanadium
and/or zirconium. fluidised bed (DMF content being below 0.1 vpm). It has
been noted that after several days of continu-  6. Process according to
Claim 1, characterised in ous polymerisation under these conditions the
that the catalyst is based on chromium oxide 



polymer output has remained constant without for-  50   combined with a
granular support based on a mation of agglomerates and that the quality of
refractory oxide and activated by a heat treat- linear low density
polyethylene manufactured in         ment. this way remains constant and
satisfactory, despite the random variations in catalyst activity and the
7. Process according to Claim 1, characterised in fluctuations, which are
unforeseeable and difficult  55  that the alpha-olefin(s) contain from 2 to
8 to detect, in the impurities introduced by ethylene,    carbon atoms.
1-butene and the other constituents of the gas reaction mixture. In
particular, the carbon monoxide 7    8.  Process according to Claim 1,
characterised in  5. Verfahren nach Anspruch 1, dadurch gekenn- that the
polymerisation is carried out at a pres-  zeichnet, daB der Katalysator ein
Katalysator sure from 0.5 to 5 MPa and at a temperature        des
Ziegler-Natta-Typs auf Basis von Magnesi- of 0 to 135 C.
um,  Halogen, Titan  und/oder  Vanadium 5       und/oder Zirkonium ist. 9.
Process according to claim 1, characterised in that the amount of the
activity retarder in the  6. Verfahren nach Anspruch 1, dadurch gekenn-
gaseous mixture flowing through the reactor is     zelchnet, daB der
Katalysator auf Chromoxid less than 0.1 part by weight per million.
basiert ist, kombiniert mit einem k6migen Tra- 10      ger auf Basis eines
hitzebestandigen Oxids 10. Process according to claim 1, characterised in
und aktiviert durch elne Warmebehandlung. that the activity retarder is
oxygen or an amide.                                          7. Verfahren
nach Anspruch 1, dadurch gekenn- zeichnet, daB das a-Olefin oder die
a-Olefine Patentanspriche                                15      von 2 bis
8 Kohlenstoffatome enthalten. 1. Verfahren zur kontinuierlichen
Gasphasenpoly-   8. Verfahren nach Anspruch 1, dadurch gekenn- merisation
von einem oder mehreren ai-Olefi-       zelchnet, daB die Polymerisation
bei einem nen in einem Reaktor, enthaltend ein Wirbel-       Druck von 0,5
bis 5 MPa und bei einer Tempe- bett und/oder ein mechanisch gerthrtes Bett,
20   ratur von 0  bis 135 * C durchgeflhrt wird. mit Hilfe eines
Katalysators und eines Aktivi- tatshemmers, dadurch gekennzelchnet, daB
9. Verfahren nach Anspruch 1, dadurch gekenn- die Polymerisation
durchgefUhrt wird, indem        zelchnet, daB die Menge des Aktivit~tshem-
man einen Katalysator auf Basis eines Ober-        mers in der durch den
Reaktor str6menden gangsmetalls der Gruppen IV, V oder VI des   25
gasf6rmigen Mischung kleiner als 0,1 Gewicht- Periodischen Systems der
Elemente mit dem          steil pro Million ist. a-Olefin oder den
a-Olefinen und einer sehr geringen Menge des Aktivitatshemmers, der
10. Verfahren nach Anspruch 1, dadurch gekenn- kontinuierlich in den
Reaktor eingefahrt wird, in  zeichnet, daR der Aktivitatshemmer Sauerstoff
Kontakt bringt, so daB das molare Verhaltnis  30   oder ein Amid ist. der
Menge des eingeflhrten Aktivitatshem- mers zu der Menge des eingefUhrten
a-Olefins    Revendications oder der eingeflhrten a-Olefine im Bereich von
10-8 bis 10-5 liegt, und bei einer FlieBrate, die  1. Procdd4 pour la
polym6risation en phase ga- mit der Zeit variiert wird, um entweder die  95
zeuse en continu d'une ou plusieurs alpha- Polymerisationsrate oder den
Gehalt an Ober-       olefines dans un reacteur contenant un lit agit6
gangsmetall in dem hergestellten Polymeren         mecaniquement etlou
fluidise, avec l'aide d'un im wesentlichen konstant zu halten.
catalyseur et d'un ralentisseur d'activite, carac- terise en ce que la
polymerisation est effec- 2. Verfahren nach Anspruch 1, dadurch gekenn-
40     tuee en amenant un catalyseur a base d'un zelchnet, daB der
Aktivitatshemmer aus Poly-       metal de transition appartenant aux
groupes IV, merisationsinhibitoren  und  Elektronendonor-      V ou VI de
la classification p6riodique des Verbindungen ausgewdhIt ist.
elements en contact avec la ou les alpha- olefines et une tres faible
quantite du ralentis- 3. Verfahren nach Anspruch 2, dadurch gekenn-   45
seur d' activite, qui est introduite en continu zelchnet, daB der
Polymerisationsinhibitor aus     dans le r6acteur de fagon que le rapport
molal- Kohlenmonoxid, Kohlendioxid, Kohlendisulfid,       re de la quantite
du ralentisseur d'activite intro- Kohlenoxysulfid,  Stickstoffoxiden   und
-       duite a la quantite de la ou des alpha-olefines peroxiden,
Alkoholen, Thiolen, Aldehyden, Ke-      introduite est de 10-8 a 1 0-5, et
a un debit 



tonen, Sauerstoff und Wasser ausgewAhIt ist.    50  que I'on fait varier
avec le temps afin de main- tenir pratiquement constante la vitesse de po-
4. Verfahren nach Anspruch 2, dadurch gekenn-          lym6risation ou la
teneur en m6tal de transition zelchnet, daB die Elektronendonor-Verbindung
dans le polymbre produit. aus Aminen, Amiden, Phosphinen, Sulfoxiden,
Sulfonen, Estern, Ethern und Thioethern aus-  55  2. Procede selon la
revendication 1, caract6rise gewihit ist.
en ce que le ralentisseur d'activit6 est choisi parmi les inhibiteurs de
polym6risation et les compos6s donneurs d'electrons. 8    15
EP 0 359 444 B1                    16 3. Proced6 salon la revendication 2,
caracterise en ce quo l'inhibiteur de polymerisation est choisi parmi le
monoxyde de carbone, le dioxyde de carbone, le disulfure de carbone,
l'oxysulfure de carbone, les oxydes at les pe-   5 roxydes d'azote, les
alcools, les thiols, les al- dehydes, les c6tones, I'oxygbne et I'eau. 4.
Proc6de selon la revendication 2, caracterise en co quo le compose donneur
d'electron est  10 choisi parmi les amines, les amides, les phos- phines,
les sulfoxydes, les sulfones, les esters, les ethers et les thio6thers. 5.
Procedd solon la revendication 1, caracteris4   15 en ce quo le catalyseur
est un catalyseur du type Ziegler-Natta A base de magnesium, d'halogbne, de
titane et/ou de vanadium et/ou de zirconium. 20 6. Procede solon la
revendication 1, caractdrisd on ce quo le catalyseur ost a base d'oxyde de
chrome combine avec un support granulaire A base d'oxyde refractaire et
active par un traite- ment thermique.                            25 7.
Procede solon la revendication 1, caractEris6 en co quo la ou les
alpha-olefines contiennent de 2 a 8 atomes de carbone. 30 &  Proc~dd solon
la revendication 1, caract~risd en ce quo la polymerisation est offectuee A
une pression de 0,5 & 5 MPa et a une tempe- rature de 0 a 135GC. 35 9.
Proc~dd solon la revendication 1, caracterise on ce quo la quantite du
ralentisseur d'activite dans le melange gazeux passant a travers le
reacteur est inferieur A 0,1 partie en poids par million.
40 10. Procede salon la revendication 1, caracterisd en co quo le
ralentisseur d'activite est l'oxyge- no ou un amide. 45 50 55    


