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Description

[0001] The present invention relates to a continuous
process for controlling the gas-phase co-polymerisation
of olefins in a fluidised bed reactor.
[0002] Processes for the co-polymerisation of olefins
in the gas phase are well known in the art. Such proc-
esses can be conducted for example by introducing the
gaseous monomer and comonomer into a stirred and/
or gas fluidised bed comprising polyolefin and a catalyst
for the polymerisation.
[0003] In the gas fluidised bed polymerisation of ole-
fins, the polymerisation is conducted in a fluidised bed
reactor wherein a bed of polymer particles is maintained
in a fluidised state by means of an ascending gas stream
comprising the gaseous reaction monomer. The start-
up of such a polymerisation generally employs a bed of
polymer particles similar to the polymer which it is de-
sired to manufacture. During the course of polymerisa-
tion, fresh polymer is generated by the catalytic polym-
erisation of the monomer, and polymer product is with-
drawn to maintain the bed at more or less constant vol-
ume. An industrially favoured process employs a fluidi-
sation grid to distribute the fluidising gas to the bed, and
to act as a support for the bed when the supply of gas
is cut off. The polymer produced is generally withdrawn
from the reactor via a discharge conduit arranged in the
lower portion of the reactor, near the fluidisation grid.
The fluidised bed consists in a bed of growing polymer
particles. This bed is maintained in a fluidised condition
by the continuous upward flow from the base of the re-
actor of a fluidising gas.
[0004] The polymerisation of olefins is an exothermic
reaction and it is therefore necessary to provide means
to cool the bed to remove the heat of polymerisation. In
the absence of such cooling the bed would increase in
temperature and, for example, the catalyst may become
inactive or the bed commence to fuse. In the fluidised
bed polymerisation of olefins, the preferred method for
removing the heat of polymerisation is by supplying to
the polymerisation reactor a gas, the fluidising gas,
which is at a temperature lower than the desired polym-
erisation temperature, passing the gas through the flu-
idised bed to conduct away the heat of polymerisation,
removing the gas from the reactor and cooling it by pas-
sage through an external heat exchanger, and recycling
it to the bed. The temperature of the recycle gas can be
adjusted in the heat exchanger to maintain the fluidised
bed at the desired polymerisation temperature. In this
method of polymerising alpha olefins, the recycle gas
generally comprises the monomer and comonomer ole-
fins, optionally together with, for example, an inert dilu-
ent gas such as nitrogen or a gaseous chain transfer
agent such as hydrogen. Thus, the recycle gas serves
to supply the monomer to the bed, to fluidise the bed,
and to maintain the bed at the desired temperature.
Monomers consumed by the polymerisation reaction
are normally replaced by adding make up gas or liquid

to the polymerisation zone or reaction loop.
[0005] A gas fluidised bed polymerisation reactor is
typically controlled to achieve a desired melt index and
density for the polymer at an optimum production. Con-
ditions within the polymerisation reactor have to be care-
fully controlled to reduce the risk of agglomerate and/or
sheet formation which may ultimately lead to bed insta-
bilities and a need to terminate the reaction and shut
down the reactor. This is the reason why commercial
scale reactors are designed to operate well within prov-
en stable operating zones and why the reactors are
used in a carefully circumscribed fashion.
[0006] Even within the constraints of conventional,
safe operation, control is complex adding further diffi-
culty and uncertainty if one wishes to find new and im-
proved operating conditions.
[0007] There is no generally accepted view as to what
causes agglomerates or sheeting. Agglomerates or
sheets can, for example, form when the polymerisation
temperature is too close to the polymer sintering tem-
perature or when the polymer particles become exces-
sively sticky. Highly active fine particles can, for exam-
ple, concentrate in the upper elevations of the polymer-
isation zone, towards the top of the fluidised bed and in
the powder disengagement zone above the bed thus
leading to local hot spots and potential agglomeration
and/or sheeting.
[0008] It is known that the powder disengagement
and velocity reduction zones of the reactor are particu-
larly vulnerable to sheet formation and there have been
many attempts to mitigate these effects.
[0009] EP-0692495 discloses a method for polymer-
ising olefins in a gas phase reactor having an expanded
section wherein a tangential flow of gas is introduced
into the expanded section in order to reduce fines en-
trainment and to reduce solid particle build-up on the
interior surfaces of the expanded section.
[0010] EP-0695313 discloses a continuous process
for the gas phase polymerisation of olefins in a fluidised
bed reactor comprising a polymerisation zone and a gas
velocity reduction zone situated above the bed wherein
the make-up monomers are directly sent to the fluidised
bed reactor in one or more points above the fluidised
bed. This process is presented as a general solution to
the fouling problems occurring in the reactor system.
[0011] BP patent EP-0 855 411 discloses a process
for continuous gas phase polymerisation of olefin(s) in
a reactor containing a fluidised bed, consisting of a cyl-
inder with a vertical side wall and of a desurging or dis-
engagement chamber (3) mounted above the said cyl-
inder, characterised in that the fluidised bed occupies at
least all of the cylinder with a vertical side wall of the
reactor. This process not only allows to increase the out-
put efficiency of industrial plants but also to reduce the
fouling phenomenon experienced in the past.
[0012] WO 94/25495 describes a method of determin-
ing stable operating conditions for a fluidised bed po-
lymerisation process which comprises: (a) observing
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fluidised bulk density changes in the reactor associated
with changes in the composition of the fluidising medi-
um; and (b) increasing the cooling capacity of the recy-
cle stream by changing the composition without exceed-
ing the level at which a reduction in the fluidised bulk
density or a parameter indicative thereof becomes irre-
versible. The aim of this invention is to control the sta-
bility of operation of the fluidised bed by monitoring and
controlling conditions within the fluidised bed itself.
[0013] Existing continuous gas fluidised bed process-
es have demonstrated that high space time yield polym-
erisations can be reached. One of the major problems
encountered with these high space time yield polymer-
isation processes is to ensure a good control of the op-
erating conditions leading to a safer use of the process.
[0014] The present invention provides means to mon-
itor and control stability of the entire polymerisation
zone, not just that within the fluidised bed which consists
essentially in the well mixed region. It is desirable to pro-
vide a method of defining stable operating conditions to
minimise potential for sheet formation especially outside
of the well mixed region in the fluidised bed, particularly
for high space time yield polymerisation processes.
[0015] It is therefore an objective of the present inven-
tion to provide criteria to determine a stable operating
envelope for a gas phase polymerisation process of two
or more reactants and to run the process safely with low
risk of malfunction, for example agglomeration or sheet-
ing or off-specification polymer, particularly at high
space time yields.
[0016] Although it is known that a fluidised bed en-
sures good solids mixing and good heat transfer, it has
been found that control of variations in reactant gaseous
concentrations within the polymerisation zone is key to
the prevention of agglomerate or sheet formation and
optimisation of stable and safe operating envelope, in-
cluding uniform product properties, particularly at high
space time yields. This control also enables safe and
stable increase in the conversion of reactants per pass
of the recycle stream even at lower space time yields.
[0017] The ability to operate safely at higher conver-
sions per pass of the recycle stream enables the fluidi-
sation velocity to be reduced below what may otherwise
have been possible, subject nevertheless to satisfying
potential further requirements associated with heat re-
moval and ensuring good bed mixing. This invention
provides opportunity therefore for the energy require-
ment of the recycle gas compressor to be reduced.
[0018] The reactant consumption through the polym-
erisation zone is typically different for each reactant.
This, amongst other factors, leads to a difference in
composition of reactants between the inlet and outlet of
the polymerisation zone. Variations and changes in re-
actant gaseous compositions through the polymerisa-
tion zone result in a range of instantaneous polymer
properties being produced within the reactor. It is known
that particles circulate rapidly throughout the fluidised
bed and that the bed solids are considered to be well

mixed. Variations in instantaneous polymer properties
within the bed generally cause no operating or product
quality issues since the properties of any single particle
formed will be a homogeneous average resulting from
the rapid bed circulation rates. However particles can
remain longer in certain regions of the polymerisation
reactor which do not experience such high degrees of
solids mixing. For example, the solids in the powder dis-
engagement and velocity reduction zones do not expe-
rience such good circulation through the whole fluidised
bed and in these areas it has been found that there can
be formation of polymer of significantly different polymer
properties from that formed within the well mixed re-
gions of the bed. This leads to non-optimal control of
product properties, thereby adversely influencing prod-
uct quality. This also increases the potential for forma-
tion of fines, agglomerates and sheets in these regions
which can ultimately lead to loss of stability of the fluid-
ised bed. Even though the polymer being produced with-
in the fluidised bed may be closely controlled to have a
sintering temperature a safe margin above the bed op-
erating temperature, it has been found that changes in
the composition of gaseous reactants through the po-
lymerisation zone can lead to formation of polymer in
these less well mixed regions of the reactor (e.g. in the
bulb) with a sintering temperature dangerously close to,
if not below the bed operating temperature. This clearly
increases the risk of sheet and agglomerate formation.
[0019] The polymer sintering temperature varies with
the polymer properties and is particularly sensitive to
density. It has been found that the improvement provid-
ed by this invention in the control of the polymer density
instantaneously produced at any point within the polym-
erisation zone is particularly significant in avoiding the
occurrence of off-specification materials and particularly
in reducing the agglomerate formation and the subse-
quent disruption to fluidisation stability. Polymer density
is particularly sensitive to the ratio of reactants, and
most particularly monomers, within the polymerisation
zone.
[0020] The reactant gradient (Gri) has been found to
be a simple and effective property in monitoring and
maintaining control of polymer properties throughout the
polymerisation zone and thereby optimising the stability
of the fluidised bed and control of the overall polymeri-
sation process.
[0021] Thus, according to the present invention, there
is provided a process for controlling a continuous fluid-
ised bed reactor (co-)polymerisation process of olefins
in the presence of a monomer and optionally a comon-
omer, hydrogen and an inert hydrocarbon, which
comprises :

1. withdrawing from the reactor a hot recycle stream
comprising a principal monomer and at least one
other unreacted reactant,
2. cooling part or all of said recycle stream with-
drawn from said reactor, and
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3. recycling part or all of said cooled recycle stream
comprising the principal monomer and the unreact-
ed reactant(s) through the polymerisation zone in
said reactor in the presence of a polymerisation cat-
alyst under reactive conditions,

characterised in that the said controlling process con-
sists in maintaining all the reactant gradients (Gri) within
a range of values outside which sheeting or unstable
operations would otherwise occur.
[0022] For the purposes of the present invention and
appended claims, the polymerisation zone means the
reaction zone consisting of the fluidised bed (where
most of the solids are typically well mixed), and in the
region above the fluidised bed which consists of the
powder disengagement zone and/or the velocity reduc-
tion zone (where the solids can, typically, be less well
mixed).
[0023] For the purposes of the present invention and
appended claims, the principal monomer is the mono-
mer of the largest molar concentration in the gaseous
stream.
[0024] The reactant gradients (Gri) being ratios de-
fined as :

wherein :

• ( Ci / Cm ) is the molar ratio between reactant i and
the principal monomer concentrations in the gase-
ous stream,

• z1 represents conditions at elevation z1 within po-
lymerisation zone, and

• z2 represents conditions at elevation z2 within po-
lymerisation zone and z2 is downstream of z1 (i.e.
at a higher elevation).

[0025] These concentrations represent the total con-
centration of the reactants. The reactants are in this
case defined as any components of the recycle gas
which take part in the polymerisation reaction and
whose composition in the gas phase is altered during
the reaction. The reactants would typically consist prin-
cipally of monomers, comonomers and hydrogen and
the reactant gradients most usefully controlled would
consist of the comonomer gradients (Grc) and the hy-
drogen gradient (Grh).
[0026] It will be apparent that it may be desirable or
necessary to calculate the composition of each reactant
at various elevations within the polymerisation zone.
This requires calculation (or estimation) of a) the amount
of gas back-mixing in the fluidised bed and b) the man-
ner in which any liquid feeds to the reactor circulate and
vaporise within the polymerisation zone upon entry.
There are existing methods known in the art for estimat-
ing these phenomena, however it has been found that

Gri = ( Ci/Cm )z2 / ( Ci/Cm )z1

in most cases significant simplifying assumptions may
be taken which still allow the benefits to the invention to
be taken advantage of . Firstly, with respect to gaseous
feeds to the reactor, in this instance a simplifying as-
sumption may be taken that there is no significant back-
mixing of gases within the polymerisation zone and that
any gaseous feeds, once dispersed, flow in broadly
'plug flow' upwards with the recycle stream. Secondly,
any liquid fed to the fluidised bed will tend to become
entrained on the circulating bed solids and vaporisation
will then take place as the solids circulate through the
bed. With respect to the liquid feeds to the reactor, a
simplifying assumption may therefore be taken that liq-
uid feeds to the fluidised bed are uniformly distributed
through the whole bed. This has the effect that as liquid
rates to the reactor are increased, so the comonomer
gradient effect within the bed decreases. Calculation of
the effect of liquid feeds to the polymerisation zone
above the fluidised bed requires more attention. It will
be necessary to estimate the amount of any liquid feed
which is capable of vaporising within the polymerisation
zone above the bed (taking into account heat transfer
consideration e.g. due to liquid quantity, temperature
driving force and droplet size), this quantity will then
serve to correct any comonomer gradient in these less
well mixed regions of the fluidised bed. Any liquid intro-
duced into these less well mixed regions above the level
which is not able to be vaporised still serves to reduce
agglomeration and/or sheeting by assisting in knocking
fine particles out of the recycle gases exiting the fluid-
ised bed and in serving to 'wash' fine particles from the
walls of the velocity reduction zone. Depending upon the
droplet size of liquid introduced above the fluidised bed
which is not vaporised, the drops will either leave the
reactor with the recycle gases or will ultimately fall back
into the bed and be uniformly distributed within the bed.
It will thus be readily apparent that the manner of re-
introduction of liquid into the less well mixed region
above the fluidised bed will impact on the manner and
extent to which full advantage may be taken from this
invention. The preferred means of liquid re-introduction
into the region above the fluidised bed is to do so as a
fine spray of liquid (introduced preferably with a twin-
fluid nozzle, although a liquid only nozzle is also feasi-
ble). The nozzle spray pattern should preferably be de-
signed to cover the majority of the cross-sectional area
of the reactor but to minimise the quantity of liquid which
impacts directly onto the walls of the reactor. Since ex-
ecution of this invention has the further desirable benefit
that liquid which is entrained out of the reactor with the
recycle gases will serve to help wash the recycle piping
and thereby minimise the risk of pipe and exchanger
fouling through the reaction loop, it may be advanta-
geous to design and operate the system to control not
only the comonomer gradient within the reactor, but also
to independently control the amount of make-up or re-
cycle liquid leaving the reactor.
[0027] According to a preferred embodiment of the
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present invention, the control is made on one or more
of the comonomer Gre gradient(s) and/or on the hydro-
gen Grh gradient, ideally on all the comonomer gradi-
ents and on the hydrogen gradient.
[0028] In a preferred embodiment z2 and z1 refer to
outlet and inlet conditions respectively. Namely the
above ratios are measured or calculated at the reactor
outlet (i.e. before any stream is taken out from the main
recycle loop) and the reactor inlet (after every stream
fresh/recycled has been added to the main recycle loop
flow) of the polymerisation zone.
[0029] In case of no polymerisation and polymer with-
drawal taking place in the reactor, the inlet and outlet
ratios will be the same resulting in gradients being equal
to 1.
[0030] When polymerisation and/or polymer with-
drawal takes place, three phenomena potentially occur
which lead to these ratios being different than 1 :

A. The first phenomenon reflects the relative reac-
tivity of the different reactants towards the polymer-
isation reaction and their relative incorporation in
the polymer.

For example, in the production of copolymers
of ethylene, using Ziegler Natta catalyst and a given
reactor inlet composition, relatively more ethylene
than comonomer is typically incorporated into the
polymer in the polymerisation zone thus resulting in
a modification of the relative proportion of each
component at the inlet/outlet of the reactor. Relative
to ethylene, there will thus be more comonomer at
the top of the reactor than at the bottom, thus re-
sulting in values of gradients above 1. The in-
creased ratio of comonomer to ethylene will lead to
polymer of lower density and higher melt-index be-
ing formed at this point in the polymerisation zone.
B. The second phenomenon relates to the differ-
ence of absorption rates on the polymer, e.g. of
comonomer(s) and ethylene. As a general rule, the
heavier the hydrocarbon, the more it is absorbed on
the powder leaving the reactor. For the above Zie-
gler Natta catalyst example, this second phenome-
non counteracts the first one as it will reduce the
relative amount of comonomer to ethylene in the
gas phase at the top of the reactor.
C. The third phenomenon relates to the potential
side-reactions leading to the formation of monomer
(s) and/or hydrogen within the polymerisation zone.
This phenomena is particularly relevant during po-
lymerisation using metallocene catalysts.

[0031] These phenomena result , for example, during
ethylene copolymerisation using Ziegler Natta catalyst,
in comonomer and hydrogen gradients (Grc and Grh)
values above 1.
[0032] The polymer formed within the bed will be
based on the average of the gradient in reactant condi-
tions through the bed, the polymer formed in the bulb

will tend to be based principally on the reactor exit con-
ditions.
[0033] According to a preferred embodiment of the
present invention, the Applicants have unexpectedly
found the control of stable operating conditions during
the polymerisation process is obtained by maintaining
the reactant gradient (Gri) at a value between 0.7 and
1.3, preferably between 0.9 and 1.1 and most preferably
between 0.95 and 1.05.
[0034] In addition to the comonomers and hydrogen
gradients , a separate reactant gradient for each of the
'minor' reactants involved in the polymerisation reaction
may advantageously also be maintained within the
above ranges.
[0035] While not wishing to be bound by a theoretical
explanation, the Applicants believe that the mainte-
nance of the reactant gradient (Gri) at values within
those predefined limits allows production of polymers
showing constant physical properties with time while
any increase/decrease of the reactant gradient (Gri) be-
yond said predefined limits may provoke unstable oper-
ating conditions often resulting in the formation of ag-
glomerates, sheeting or off-specification polymer.
[0036] A preferred means of monitoring the reactant
gradient (Gri) consists in the measurement of the gas
phase composition at one point in the recycle gaseous
stream loop (via a gas phase analyser). In this respect,
the gas analyser is ideally situated before any liquid is
condensed into the loop (to ensure accuracy and repro-
ducibility of the measurement). The gas phase compo-
sition at the inlet of the reactor (i.e. the mixture of gas
and any condensed liquid), at any point within the po-
lymerisation zone and at the reactor outlet can be rebuilt
mathematically by a mass balance between the point of
analysis and the inlet/outlet of the reactor taking into ac-
count any fresh feeds/recycle streams which are added
between the point of analysis and the reactor inlet/outlet.
[0037] The mass balance within and across the reac-
tor is a standard chemical engineering calculation which
mainly takes into account:

• the conversion of reactants to polymer,
• the absorption of reactants on the polymer leaving

the reactor , and
• the formation of reactants within the polymerisation

zone

[0038] The man skilled in the art will be capable of
determining safe operating limits and maintaining the
value of the reactant gradients (Gri) within the prede-
fined limits by appropriately selecting reaction process
conditions and by appropriately designing polymerisa-
tion reaction systems to ensure operation within these
predefined limits . The choice of the preferred design for
the reaction system and/or the preferred operating con-
ditions to act on may depend on the plant design, the
catalyst system, the polymerisation temperature, etc.
[0039] According to a simple and preferred method of
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the present invention, once the usual operating condi-
tions have been selected for the manufacture of a given
polymer grade, if the monitoring of the reactant gradient
(Gri) indicates a dangerous decrease/increase ap-
proaching the limit value then one or more actions can
be taken.
[0040] Thus, according to another embodiment of the
present invention, there is provided a process for con-
trolling a continuous fluidised bed reactor (co-)polymer-
isation process which comprises

1. withdrawing from the reactor a hot recycle stream
comprising a principal monomer and at least one
other unreacted reactant,
2. cooling part or all of said recycle stream with-
drawn from said reactor, and
3. recycling part or all of said cooled recycle stream
comprising the principal monomer and the unreact-
ed reactant(s) through the polymerisation zone in
said reactor in the presence of a polymerisation cat-
alyst under reactive conditions,

characterised in that the reactant gradients (Gri) are de-
termined and controlled in order to maintain said reac-
tant gradients (Gri) within a range of values outside
which sheeting or unstable operations would otherwise
occur.
[0041] This control can be especially made through
one or more of the following actions :

a) adjustment of the principal monomer partial pres-
sure,
b) adjustment of the total flow through the polymer-
ization zone,
c) adjustment of the production rate,
d) adjustment of the reaction temperature.

[0042] An inert hydrocarbon may be added to the re-
action gases in order to increase the heat removal from
the polymerisation zone or to increase the catalyst ac-
tivity or to increase the inert hydrocarbon absorption into
the polymer. Hydrocarbon absorption in the polymer is
subject to multi-component interaction effects, so the
degree of absorption of, for example, the inert hydrocar-
bon, can also affect the degree of absorption of reac-
tants, particularly co-monomers.
[0043] In this respect, a further embodiment of the
present invention, consists in controlling the reactant
gradient (Gri) through adjustment of the inert hydrocar-
bon concentration.
[0044] For example, the inert hydrocarbon can be
chosen amongst one or more of the C2-C8 alkane(s) or
cycloalkane(s), particularly butane, pentane or hexane.
[0045] In an alternative embodiment of the present in-
vention, it was surprisingly found that the conditions
within the less well mixed zones of the reactor (i.e.es-
sentially above the fluidised bed towards the top of the
polymerisation zone) may be independently adjusted

such that the previously defined gradient limit may be
safely exceeded within the well mixed areas of the flu-
idised bed whilst maintaining the conditions in the less
well mixed areas such that agglomeration, sheeting or
off-specification polymer are avoided.
[0046] It will also be readily apparent that it is possible
to introduce fresh or recycled monomers and/or inerts
(liquid or gaseous) at various elevations within the po-
lymerisation zone including above the fluidised bed in
order to control the reactant gradient within these less
well mixed zones to within established safe operating
limits.
[0047] In this respect, a further embodiment of the
present invention consists in controlling the reactant
gradient (Gri) through adjustment of the introduction of
an additional stream into the polymerisation zone. This
additional stream may comprise for example liquid or
gaseous (co-)monomers or inerts.
[0048] The hot recycle stream withdrawn from the re-
actor comprises unreacted gaseous (co)monomers,
and optionally, inert hydrocarbons, inert gases such as
nitrogen, reaction activators or moderators such as hy-
drogen, as well as entrained catalyst and/or polymer
particles.
[0049] The cooled recycled stream fed to the reactor
additionally comprises make-up reactants (gaseous or
liquid) to replace those reactants polymerised in the po-
lymerisation zone.
[0050] The process according to the present invention
is suitable for the manufacture of polymers in a contin-
uous gas fluidised bed process.
Illustrative of the polymers which can be produced in ac-
cordance with the invention are the following:

SBR (polymer of butadiene copolymerised with sty-
rene),
ABS (polymer of acrylonitrile, butadiene and sty-
rene),
nitrile (polymer of butadiene copolymerised with
acrylonitrile),
butyl (polymer of isobutylene copolymerised with
isoprene),
EPR (ethylene/propylene rubber),
EPDM (polymer of ethylene copolymerised with
propylene and a diene such as hexadiene, dicy-
clopentadiene or ethylidene norborene),
copolymer of ethylene and vinyltrimethoxy silane,
copolymer of ethylene and one or more of acryloni-
trile, maleic acid esters, vinyl acetate, acrylic and
methacrylic acid esters and the like.

[0051] In an advantageous embodiment of this inven-
tion, the polymer is a polyolefin preferably copolymers
of ethylene and/or propylene and/or butene. Preferred
alpha-olefins used in combination with ethylene and/or
propylene and/or butene in the process of the present
invention are those having from 4 to 8 carbon atoms.
However, small quantities of alpha olefins having more
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than 8 carbon atoms, for example 9 to 40 carbon atoms
(e.g. a conjugated diene), can be employed if desired.
Thus it is possible to produce copolymers of ethylene
and/or propylene and/or butene with one or more C4-C8
alpha-olefins. The preferred alpha-olefins are but-
1-ene, pent-1-ene, hex-1-ene, 4-methylpent-1-ene, oct-
1-ene and butadiene. Examples of higher olefins that
can be copolymerised with the primary ethylene and/or
propylene monomer, or as partial replacement for the
C4-C8 monomer are dec-1-ene and ethylidene nor-
bornene. According to a preferred embodiment, the
process of the present invention preferably applies to
the manufacture of polyolefins in the gas phase by the
copolymerisation of ethylene with but-1-ene and/or hex-
1-ene and/or 4MP-1.
[0052] The process according to the present invention
may be used to prepare a wide variety of polymer prod-
ucts for example linear low density polyethylene
(LLDPE) based on copolymers of ethylene with but-
1-ene, 4-methylpent-1-ene or hex-1-ene and high den-
sity polyethylene (HDPE) which can be for example co-
polymers of ethylene with a small portion of higher alpha
olefin, for example, but-1-ene, pent-1-ene, hex-1-ene or
4-methylpent-1-ene.
[0053] When liquid condenses out of the recycle gas-
eous stream, it can be a condensable monomer, e.g.
but-1-ene, hex-1-ene, 4-methylpent-1-ene or octene
used as a comonomer, and/or an optional inert conden-
sable liquid, e.g. inert hydrocarbon(s), such as C4-C8
alkane(s) or cycloalkane(s), particularly butane, pen-
tane or hexane.
[0054] The process is particularly suitable for poly-
merising olefins at an absolute pressure of between 0.5
and 6 MPa and at a temperature of between 30°C and
130°C. For example for LLDPE production the temper-
ature is suitably in the range 75-90°C and for HDPE the
temperature is typically 80-105°C depending on the ac-
tivity of the catalyst used and the polymer properties de-
sired.
[0055] The polymerisation is preferably carried out
continuously in a vertical fluidised bed reactor according
to techniques known in themselves and in equipment
such as that described in European patent application
EP-0 855 411, French Patent No. 2,207,145 or French
Patent No. 2,335,526. The process of the invention is
particularly well suited to industrial-scale reactors.
[0056] The polymerisation reaction may be carried
out in the presence of a catalyst system of the Zie-
gler-Natta type, comprising a solid catalyst essentially
comprising a compound of a transition metal and of a
cocatalyst comprising an organic compound of a metal
(i.e. an organometallic compound, for example an alky-
laluminium compound). High-activity catalyst systems
have already been known for a number of years and are
capable of producing large quantities of polymer in a rel-
atively short time, and thus make it possible to avoid a
step of removing catalyst residues from the polymer.
These high-activity catalyst systems generally comprise

a solid catalyst consisting essentially of atoms of tran-
sition metal, of magnesium and of halogen. The process
is also suitable for use with Ziegler catalysts supported
on silica. The process is also especially suitable for use
with metallocene catalysts in view of the particular affin-
ity and reactivity experienced with comonomers and hy-
drogen. The process can also be advantageously ap-
plied with iron and/or cobalt catalysts, e.g. such as those
disclosed in WO98/27124 or in W099/12981. It is also
possible to use a high-activity catalyst consisting essen-
tially of a chromium oxide activated by a heat treatment
and associated with a granular support based on a re-
fractory oxide.
[0057] The catalyst may suitably be employed in the
form of a prepolymer powder prepared beforehand dur-
ing a prepolymerisation stage with the aid of a catalyst
as described above. The prepolymerisation may be car-
ried out by any suitable process, for example, polymer-
isation in a liquid hydrocarbon diluent or in the gas phase
using a batch process, a semi-continuous process or a
continuous process.
[0058] The man skilled in the art is capable of calcu-
lating the density, the melt-index and also the sintering
temperature of polymer that will be produced from a
known catalyst system and reaction conditions.
[0059] The ratio Dn is defined as the ratio of the cal-
culated instantaneous polymer density produced given
the calculated reaction conditions at a particular point
within the polymerisation zone to the average density of
the polymer product.
[0060] In an alternative embodiment the reaction con-
ditions are adjusted to ensure that the calculated ratio
Dn (calculated at a series of elevations within the po-
lymerisation zone) at any point within the polymerisation
zone is between 0.95 and 1.05, more preferably be-
tween 0.99 and 1.01 and most preferably between
0.9975 and 1.0025.
[0061] In an alternative embodiment of the invention
the reaction conditions are controlled to ensure that the
instantaneous polymer density calculated at any point
within the polymerisation zone is within the targeted
sales density specification range of the polymer being
produced.
[0062] The presence in the final product of even small
quantities of material which is of different properties
from that desired can have unacceptable impact on the
use of the polymer in its final application. For example
polymerisation with metallocene catalysts typically cre-
ate a decreasing comonomer gradient across the reac-
tor (the comonomer is incorporated in greater proportion
than the principal monomer), this can cause higher den-
sity material to be produced in local re-circulation zones
in the upper elevations of the polymerisation zone or the
velocity reduction zone, this material of higher crystal-
linity can have significant impact on the acceptability of
for example a low density blown film.
[0063] The ratio Ts is defined as the ratio of the differ-
ence between the polymerisation temperature and the
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calculated sintering temperature to the calculated sin-
tering temperature.
[0064] In an alternative embodiment the reaction con-
ditions are adjusted to ensure that the calculated ratio
Ts at any point within the polymerisation zone, most par-
ticularly the ratio at reactor exit conditions is greater than
0, preferably above 0.02, most preferably above 0.04.
[0065] The ratio DTs is defined as the ratio of the dif-
ference between the polymerisation temperature and
the calculated sintering temperature at reactor exit con-
ditions to the difference between the polymerisation
temperature and the calculated sintering temperature at
average bed operating conditions.
[0066] In an alternative embodiment, the reaction
conditions are adjusted to ensure that the ratio DTs is
comprised between 0.5 and 1.5, most preferably be-
tween 0.75 and 1.25.
[0067] A further benefit of using these predefined safe
operating limits is to improve the speed and safety as-
sociated with start-ups and grade transitions. When
changing grades, the compositions of monomers and
hydrogen and the product properties may be changing
continuously, the quantity of absorption of monomers in
the polymer will additionally be altered by the changing
product properties (principally density) and gas compo-
sition. The control of the comonomer gradient and hy-
drogen gradient within tight predetermined limits ena-
bles the speed of start-ups and transitions to be im-
proved and the production of wide-specification material
and the risk of agglomerate formation to be minimised.
[0068] The following Examples will now illustrate the
present invention.

Comparative Example 1

[0069] The process is carried out in a fluidised bed
gas phase polymerisation reactor consisting of a vertical
cylinder of diameter 0.75m and height 5 m and sur-
mounted by a velocity reduction chamber. In its lower
part, the reactor is equipped with a fluidisation grid and
an external line for recycling gas, connecting the top of
the velocity reduction chamber to the lower part of the
reactor, situated under the fluidisation grid. The gas re-
cycling line is equipped with a compressor and with a
heat transfer means. Opening into the gas recycling line
there are, in particular, the feed lines for ethylene,
1-butene, hydrogen and nitrogen, which represent the
main constituents of the gas reaction mixture passing
through the fluidised bed.
[0070] Above the fluidisation grid the reactor contains
a fluidised bed consisting of a linear low density poly-
ethylene powder. The gas reaction mixture, which con-
tains ethylene (0.35 MPa), 1-butene (0.14 MPa), hydro-
gen (0.07 MPa) and nitrogen and other minor compo-
nents passes through the fluidised bed at a pressure of
2.4 MPa, at 80 °C and with an upward fluidisation ve-
locity of 0.36 m/s.
[0071] The polymerisation reactor is fitted with three

sets of wall temperature indicators at 0.5m, 1.0m and
1.5m above the fluidisation grid.
[0072] The catalyst used is a Ziegler-Natta catalyst
prepared according to Example 1 of EP-A- 0 529 977.
[0073] Under these conditions (80°C, 2.4 MPa, 0.36
m/s) a linear low density polyethylene with a density of
0.918, a melt index of 1 g/10 minutes under a 2.16-kg
load at 190 °C is manufactured at an output of 250 kg/h.
[0074] Following a period of stable operation, the cal-
culation of the C4 gradient Gri = ( Ci / Cm )z2 / ( Ci/ Cm )
z1
(wherein i and m respectively represent the butene
comonomer and the ethylene monomer, and z2 and z1
respectively represent reactor outlet and inlet condi-
tions) indicates values comprised between 1.111 and
1.116. Consecutively the production of a lot of agglom-
erates was observed, i.e. a strong indication that the re-
actor was running in a region of unstable operating con-
ditions.

Example 2

[0075] Example 1 was repeated except that the up-
ward fluidisation velocity was fixed at a value of 0.4 m/
s and the gas phase composition was altered as follow:
pC2 = 0.8 MPa, pC4 = 0.32 MPa, pH2= 0.16 MPa.
[0076] Under these conditions, the calculation of the
C4 gradient continuously indicated values comprised
between 1.040 and 1.045. The reactor was smoothly
running without producing any agglomerates.

Claims

1. Process for controlling a continuous gas phase flu-
idised bed reactor (co-)polymerisation process of
olefins in the presence of a monomer and optionally
a comonomer, hydrogen and an inert hydrocarbon,
which comprises

1. withdrawing from the reactor a hot recycle
stream comprising a principal monomer and at
least another unreacted reactant,
2. cooling part or all of said recycle stream with-
drawn from said reactor, and
3. recycling part or all of said cooled recycle
stream comprising the principal monomer and
the unreacted reactant(s) through the polymer-
isation zone in said reactor in the presence of
a polymerisation catalyst under reactive condi-
tions,

characterised in that the said controlling process
consists in maintaining all the reactant gradients
(Gri) within a range of values which would otherwise
cause sheeting, said reactant gradients (Gri) being
ratios defined as :
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wherein :

• ( Ci / Cm ) is the molar ratio between reactant
i and the principal monomer concentrations in
the gaseous stream,

• z1 represents conditions at elevation z1 within
polymerisation zone, and

• z2 represents conditions at elevation z2 within
polymerisation zone and z2 is downstream of
z1 (i.e. at a higher elevation).

2. Process according to any of the preceding claims
wherein the reactant gradient(s) are calculated at
the elevations z1 and z2 which correspond to inlet
and outlet conditions respectively of the polymeri-
sation zone.

3. Process according to any of the preceding claims
wherein the reactant gradient(s) are maintained at
a value between 0.7 and 1.3, preferably between
0.9 and 1.1 and most preferably between 0.95 and
1.05.

4. Process according to any of the preceding claims
wherein the calculated ratio Dn at any point within
the polymerisation zone is between 0.95 and 1.05,
more preferably between 0.99 and 1.01 and most
preferably between 0.9975 and 1.0025, said ratio
Dn being defined as the ratio of the calculated in-
stantaneous polymer density produced given the
calculated reaction conditions at a particular point
within the polymerisation zone to the average den-
sity of the polymer product.

5. Process according to any of the preceding claims
wherein the calculated ratio Ts at any point within
the polymerisation zone, most particularly the ratio
at reactor exit conditions, is greater than 0, prefer-
ably above 0.02, most preferably above 0.04, said
ratio Ts being defined as the ratio of the difference
between the polymerisation temperature and the
calculated sintering temperature to the calculated
sintering temperature.

6. Process according to any of the preceding claims
wherein the calculated ratio DTs is comprised be-
tween 0.5 and 1.5, most preferably between 0.75
and 1.25, said ratio DTs being defined as the ratio
of the difference between the polymerisation tem-
perature and the calculated sintering temperature
at reactor exit conditions to the difference between
the polymerisation temperature and the calculated
sintering temperature at average bed operating
conditions.

Gri = ( Ci /Cm )z2 / ( Ci/Cm )z1
7. Process according to any of the preceding claims

wherein the principal monomer partial pressure is
adjusted in order to maintain all reactant gradients
(Gri) within a range of values which would otherwise
cause sheeting.

8. Process according to any of the preceding claims
wherein the total flow through the polymerisation
zone is adjusted in order to maintain all reactant
gradients (Gri) within a range of values which would
otherwise cause sheeting.

9. Process according to any of the preceding claims
wherein the production rate is adjusted in order to
maintain all reactant gradients (Gri) within a range
of values which would otherwise cause sheeting.

10. Process according to any of the preceding claims
wherein the inert hydrocarbon concentration is ad-
justed in order to maintain all reactant gradients
(Gri) within a range of values which would otherwise
cause sheeting.

Patentansprüche

1. Verfahren zur Steuerung eines kontinuierlichen
Gasphasenwirbelschichtreaktor(co)polymerisati-
onsverfahrens von Olefinen in Gegenwart eines
Momomers und gegebenenfalls eines Comono-
mers, Wasserstoffs und eines inerten Kohlenwas-
serstoffs, umfassend

1. Abziehen eines heißen Rückführstroms, um-
fassend ein Hauptmonomer und mindestens
einen anderen nichtumgesetzten Reaktanten,
aus dem Reaktor,
2. Kühlen eines Teils oder des gesamten aus
dem Reaktor abgezogenen Rückführstroms,
und
3. Zurückführen eines Teils oder des gesamten
gekühlten Rückführstroms, umfassend das
Hauptmonomer und den/die nichtumgesetzten
Reaktanten durch die Polymerisationszone in
dem Reaktor in Gegenwart eines Polymerisa-
tionskatalysators unter reaktiven Bedingun-
gen,

dadurch gekennzeichnet, dass das Steuerungs-
verfahren darin besteht, alle Reaktant-Gradienten
(Gri) innerhalb eines Bereichs von Werten zu hal-
ten, die andernfalls Schichtbildungen hervorrufen
würden, wobei die Reaktant-Gradienten (Gri) Ver-
hältnisse sind, definiert als:

Gri = (Ci / Cm)z2 / (Ci / Cm)z1
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worin:

- (Ci/Cm) das Molverhältnis zwischen dem Re-
aktanten i und den Konzentrationen des Haupt-
monomers in dem Gasstrom ist,

- z1 die Bedingungen in der Höhe z1 innerhalb
der Polymerisationszone wiedergibt, und

- z2 die Bedingungen bei der Höhe z2 in der Po-
lymerisationszone darstellt und z2 sich strom-
abwärts von z1 befindet (d.h. in einer größeren
Höhe) .

2. Verfahren nach einem der vorangehenden Ansprü-
che, wobei der/die Reaktant-Gradient(en) bei den
Höhen z1 und z2, die den Einlass- bzw. Auslassbe-
dingungen der Polymerisationszone entsprechen,
berechnet werden.

3. Verfahren nach einem der vorangehenden Ansprü-
che, wobei der/die Reaktant-Gradient(en) bei ei-
nem Wert zwischen 0,7 und 1,3, vorzugsweise zwi-
schen 0,9 und 1,1, besonders bevorzugt zwischen
0,95 und 1,05 gehalten werden.

4. Verfahren nach einem der vorangehenden Ansprü-
che, wobei das berechnete Verhältnis Dn an einem
beliebigen Punkt innerhalb der Polymerisationszo-
ne zwischen 0,95 und 1,05, bevorzugter zwischen
0,99 und 1,01 und besonders bevorzugt zwischen
0,9975 und 1,0025 liegt, wobei das Verhältnis Dn
als das Verhältnis der berechneten momentan er-
zeugten Polymerdichte, gegeben die berechneten
Reaktionsbedingungen an einem bestimmten
Punkt innerhalb der Polymerisationszone, zu der
mittleren Dichte des Polymerprodukts, definiert ist.

5. Verfahren nach einem der vorangehenden Ansprü-
che, wobei das berechnete Verhältnis Ts an einem
beliebigen Punkt innerhalb der Polymerisationszo-
ne, insbesondere das Verhältnis unter Bedingun-
gen am. Reaktorausgang, größer als 0, vorzugs-
weise oberhalb von 0,02, besonders bevorzugt
oberhalb von 0,04, ist, wobei das Verhältnis Ts als
das Verhältnis der Differenz zwischen der Polyme-
risationstemperatur und der berechneten Sinte-
rungstemperatur zu der berechneten Sinterungs-
temperatur definiert ist.

6. Verfahren nach einem der vorangehenden Ansprü-
che, wobei das berechnete Verhältnis DTs zwi-
schen 0,5 und 1,5, besonders bevorzugt zwischen
0,75 und 1,25, liegt, wobei das Verhältnis DTs als
das Verhältnis der Differenz zwischen der Polyme-
risationstemperatur und der berechneten Sinte-
rungstemperatur unter Bedingungen am Reaktor-
ausgang zu der Differenz zwischen der Polymeri-
sationstemperatur und der berechneten Sinte-
rungstemperatur bei durchschnittlichen Arbeitsbe-

dingungen in der Schicht definiert ist.

7. Verfahren nach einem der vorangehenden Ansprü-
che, wobei der Partialdruck des Hauptmonomers
eingestellt wird, um alle Reaktant-Gradienten (Gri)
in einem Bereich von Werten zu halten, die andern-
falls Schichtbildung bewirken würden.

8. Verfahren nach einem der vorangehenden Ansprü-
che, wobei der Gesamtfluss durch die Polymerisa-
tionszone eingestellt wird, um alle Reaktant-Gradi-
enten (Gri) in einem Bereich von Werten zu halten,
die andernfalls Schichtbildung bewirken würden.

9. Verfahren nach einem der vorangehenden Ansprü-
che, wobei die Herstellungsgeschwindigkeit einge-
stellt wird, um alle Reaktant-Gradienten (Gri) in ei-
nem Bereich von Werten zu halten, die andernfalls
Schichtbildung bewirken würden.

10. Verfahren nach einem der vorangehenden Ansprü-
che, wobei die Konzentration an inertem Kohlen-
wasserstoff eingestellt wird, um alle Reaktant-Gra-
dienten (Gri) in einem Bereich von Werten zu hal-
ten, die andernfalls Schichtbildung bewirken wür-
den.

Revendications

1. Procédé pour commander un procédé continu de
(co)polymérisation d'oléfines dans un réacteur à lit
fluidisé en phase gazeuse en présence d'un mono-
mère et éventuellement d'un comonomère, d'hydro-
gène et d'un hydrocarbure inerte, lequel comprend
les étapes consistant à :

1. retirer du réacteur un flux de recyclage chaud
comprenant un monomère principal et au
moins un autre réactif qui n'a pas réagi,
2. refroidir une partie ou la totalité dudit flux de
recyclage retiré dudit réacteur, et
3. faire circuler une partie ou la totalité dudit flux
de recyclage refroidi comprenant le monomère
principal et le ou les réactifs qui n'ont pas réagi,
à travers la zone de polymérisation dans ledit
réacteur en présence d'un catalyseur de poly-
mérisation dans des conditions de réaction,

caractérisé en ce que ledit procédé de com-
mande consiste à maintenir tous les gradients des
réactifs (Gri) dans une plage de valeurs, ce qui dans
le cas contraire provoquerait la formation de pla-
ques, lesdits gradients des réactifs (Gri) étant défi-
nis par le rapport suivant :

Gri = (Ci / Cm)z2 / (Ci / Cm)z1
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Dans lequel :

• (Ci / Cm) représente le rapport molaire entre
les concentrations du réactif i et du principal
monomère du flux gazeux,

• z1 représente les conditions à la hauteur z1
dans la zone de polymérisation, et

• z2 représente les conditions à la hauteur z2
dans la zone de polymérisation, et z2 est situé
en aval par rapport à z1 (à savoir à une hauteur
plus élevée).

2. Procédé selon l'une quelconque des revendications
précédentes, dans lequel le ou les gradients des
réactifs sont calculés aux hauteurs z1 et z2 qui cor-
respondent respectivement aux conditions d'ad-
mission et de sortie de la zone de polymérisation.

3. Procédé selon l'une quelconque des revendications
précédentes, dans lequel le ou les gradients des
réactifs sont maintenus à une valeur comprise entre
0,7 et 1,3, de préférence entre 0,9 et 1,1 et de ma-
nière préférée entre toutes entre 0,95 et 1,05.

4. Procédé selon l'une quelconque des revendications
précédentes, dans lequel le rapport calculé Dn à un
point quelconque dans la zone de polymérisation
est compris entre 0,95 et 1,05, de préférence entre
0,99 et 1,01 et de manière préférée entre toutes en-
tre 0,9975 et 1,0025, ledit rapport Dn étant défini
comme le rapport entre la densité calculée du po-
lymère produit instantanément donnée par les con-
ditions de réaction calculées à un point particulier
dans la zone de polymérisation et la densité moyen-
ne du produit polymère.

5. Procédé selon l'une quelconque des revendications
précédentes, dans lequel le rapport calculé Ts à un
point quelconque dans la zone de polymérisation,
plus particulièrement le rapport dans les conditions
de la sortie du réacteur, est supérieur à 0, de pré-
férence supérieur à 0,02, de manière préférée entre
toutes supérieur à 0,04, ledit rapport Ts étant défini
comme le rapport de la différence entre la tempé-
rature de polymérisation et la température calculée
de frittage à la température calculée de frittage.

6. Procédé selon l'une quelconque des revendications
précédentes, dans lequel le rapport calculé DTs est
compris entre 0,5 et 1,5, de manière préférée entre
toutes entre 0,75 et 1,25, ledit rapport DTs étant dé-
fini comme le rapport de la différence entre la tem-
pérature de polymérisation et la température calcu-
lée de frittage dans les conditions de la sortie du
réacteur à la différence entre la température de po-
lymérisation et la température calculée de frittage
dans les conditions moyennes de fonctionnement
du lit.

7. Procédé selon l'une quelconque des revendications
précédentes, dans lequel la pression partielle du
monomère principal est ajustée afin de maintenir la
totalité des gradients des réactifs (Gri) dans une
plage de valeurs, ce qui dans le cas contraire pro-
voquerait la formation de plaques.

8. Procédé selon l'une quelconque des revendications
précédentes, dans lequel le flux total traversant la
zone de polymérisation est ajusté afin de maintenir
la totalité des gradients des réactifs (Gri) dans une
plage de valeurs, ce qui dans le cas contraire pro-
voquerait la formation de plaques.

9. Procédé selon l'une quelconque des revendications
précédentes, dans lequel la vitesse de production
est ajustée afin de maintenir la totalité des gradients
des réactifs (Gri) dans une plage de valeurs, ce qui
dans le cas contraire provoquerait la formation de
plaques.

10. Procédé selon l'une quelconque des revendications
précédentes, dans lequel la concentration de l'hy-
drocarbure inerte est ajustée afin de maintenir la to-
talité des gradients des réactifs (Gri) dans une pla-
ge de valeurs, ce qui dans le cas contraire provo-
querait la formation de plaques.
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