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TITLE: Apparatus for the liquid-phase polymerization of olefins

The present invention relates to an apparatus for polymerizing olefins comprising a sequence
of at least two loop reactors and transfer means for conveying polymer slurry from a loop
reactor to another loop reactor. The invention also relate to a process for the liquid-phase
polymerization of olefins carried out in a sequence of at least two loop reactors.

The use of catalysts with high activity and selectivity of the Ziegler-Natta type and, more
recently, of the metallocene type has led to the widespread use on an industrial scale of
processes in which the olefin polymerization is carried out in a liquid-phase or a gas-phase in
the presence of a solid polymerization catalyst. Several reactions for polymerizing different
olefins may be catalyzed by a Ziegler-Natta polymerization catalyst, thus producing olefin
homopolymers and copolymers, such as ethylene and propylene (co)polymers. A Ziegler-
Natta catalyst comprises a solid catalytic component based on a transition metal compound,
such as a titanium tetrachloride, and an organometallic compound acting as the catalyst
activator, such as an aluminium alkyl compound.

When reacting in a liquid-phase the polymerization may be performed under slurry
conditions, where the obtained product consists of solid polymer particles in a suspension of
liquid monomers (bulk polymerization), or alternatively, a suspension of polymer in the
monomers mixed together with an inert polymerization solvent.

It is known to carry out the olefin polymerization under slurry conditions in one or more loop
reactors. This type of reactor is widely used in the production of polyethylene and
polypropylene. The polymer slurry is continuously circulated inside the loop reactor by a
circulation pump to maintain a homogeneous dispersion of the solid polymer in the liquid
reaction medium. Polymer slurry is withdrawn from the reactor and may be concentrated so
that the solid content at the reactor outlet is higher than the solid content inside the loop
reactor. Traditionally, this increase in the slurry concentration has been achieved by using
settling legs at the discharge from the loop reactor: settling legs operate on a batch principle to
recover the product. The concentrated polymer slurry is successively transferred to a flash
tank, where most of the diluent and unreacted monomers are flashed off, so as to separate the
solid polymer at the bottom of the flash tank.

It is also known that the catalyst prepolymeration helps in improving the morphological
stability of the catalyst particles, reducing the probability of breakage of portions of them. The

prepolymerisation treatment involves the contact for short residence times between the
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catalyst granules and small amounts of a polymerizable olefin.

Usually during the catalyst prepolymerization the operating conditions of temperature,
average residence time and monomer concentration are selected so as to limit the advancing
of the polymerization reaction and to achieve a low polymerization degree. In fact, if the
monomers were added at high concentrations and/or at high values of temperature, for
instance higher than 40°C, a violent reaction would take place with the consequence of
fragmenting the catalyst particles. At the outlet of the prepolymerization reactor a more
resistant prepolymerized catalyst system is obtained, which may be successfully used in
subsequent polymerisation steps with a low risk of breaking it.

Loop reactors or stirred tank reactors of a reduced size may be suitably exploited to perform
the prepolymerization treatment. At the outlet of the prepolymerization reactor the slurry
containing the prepolymerized catalyst has to be transferred to a single polymerization reactor
or to a sequence of more polymerization reactors to perform a multistage polymerization
process. Multiple interconnected loop reactors can be used to perform the olefin
polymerization process.

However, problems associated with the transfer of the polymer slurry between the serially
connected slurry reactors can occur. During the normal operation of the polymerization
apparatus a predefined pressure gradient along the transfer lines ensures a continuous transfer
of polymer slurry between the interconnected loop reactors with a low risk of plugging the
transfer lines. Also the granules of polymer eventually formed outside the loop reactors in the
transfer lines are suitably dragged by the continuous flow of slurry and do not represent a risk
of obstructing the transfer conduits. Nevertheless, when it becomes necessary to stop the
polymerization plant, due to safety reasons or emergency situations, there is the need of
completely emptying the prepolymerizator, the polymerization reactors and also the transfer
lines connecting the sequence of loop reactors. While the loop reactors can be easily emptied
through the emergency on-off valves placed at the bottom of the vertical legs which constitute
the loop reactor, problems can arise in correspondence of the transfer pipes connecting each
other the loop reactors.

Depending on the particular mutual arrangement of the multiple loop reactors and
interconnecting transfer pipes, it can occur, in case of a polymerization stop, that the transfer
pipes cannot be completely emptied, so that a certain amount of polymer slurry, unreacted
monomers and catalyst components remain entrapped inside the transfer pipes: the
polymerisation reaction proceeds and the growing polymer particles can seriously plug the

transfer pipes between the interconnected loop reactors. This drawback is remarkable also if
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the upstream reactor is a stirred tank reactor, and is particularly severe if the upstream reactor
is used for the catalyst prepolymerization, due to the particularly high activity of the
prepolymered catalyst flowing in the transfer line.
Due to the above drawback, the polymerization plant cannot be restarted after the emergency
stop, being necessary to clean the transfer pipes removing the solid obstructions: only after a
complete removal of the polymer agglomerates, it is possible to restart the plant. Due to the
length of the transfer pipes, said cleaning operation is complex and expensive, and also
implies a considerable waste of time. Moreover, the polymerization plant is totally inactive
during the cleaning operation, so that the productivity of the polymerization plant is
prejudiced with a considerable waste of money.
In view of the foregoing, there is the need of providing an improvement in the arrangement of
multiple loop reactors for the olefin polymerization, so as to avoid a waste of time and money
for cleaning the interconnecting transfer pipes after any stop of the polymerization apparatus.
It is therefore a first object of the invention an apparatus for the liquid-phase polymerization
of one or more a-olefins comprising:
- a first reactor selected from a loop reactor and a continuously stirred tank reactor;
- at least a downstream loop reactor;
- a connection line for transferring a polymer slurry from said first reactor to said downstream
loop reactor, said connection line comprising:
- one or more adjacent pipes arranged at progressively increasing heights, each pipe
forming with a horizontal direction (x) an angle o greater than the angle of rest of the
obtained polymer;
- an on-off valve positioned flush with the wall of said downstream loop reactor.
The polymerization apparatus of the invention considerably decreases the risk of having solid
obstructions in the transfer line connecting a first loop reactor to a downstream loop reactor.
This advantage is particularly remarkable in case of a halt of the polymerization plant for
safety reasons, emergency situations, or maintenance problems.
The first reactor of the present invention is preferably a loop reactor used to carry out the
prepolymerization of the catalyst system. According to a preferred embodiment of the
invention, the first reactor is a loop reactor less bulky than the downstream loop reactor.
Typically, the ratio V1/V; is lower than 0.4, preferably in a range from 0.05 to 0.2, wherein
V=first reactor volume and V,=downstream reactor volume.
As known to the person skilled in the art, the polymerization loop reactors are generally

formed by two or more vertical legs, which are joined each other by means of top and bottom
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bends, so as to generate a loop structure. According to a preferred embodiment, the first loop
reactor of the present invention comprises from 2 to 4 vertical legs, while the downstream
loop reactor comprises from 4 to 8 vertical legs.

The bottom portion of the vertical legs is provided with an on-off emergency valve for
empting the loop reactor in case of emergency or maintenance reasons. According to an
alternative embodiment, said on-off emergency valve to be opened in emergency situation
may be placed on the bottom bends of the loop reactors.

The connection line for transferring the polymer slurry from the first reactor to the
downstream loop reactor is formed by one or more adjacent pipes arranged at progressively
increasing heights: this means that the outlet of said connection line is placed at a height
higher than its inlet. Furthermore, the higher end of said connection line is endowed with an
on-off valve positioned flush with respect to the wall of the downstream loop reactor.
Preferably a piston valve is used as the on-off valve placed at the higher end of the connection
line.

As said, each pipe of the above connection line forms an angle o with the horizontal direction
(x), said angle a being greater than the angle of rest of the obtained polymer. As known to the
person skilled in the art, the angle of rest or repose is defined as the maximum slope at which
an amount of any powdered solid material will stand without sliding, or will come to rest
when poured or dumped on a slope. With reference to a polymer powder, the angle of rest is a
parameter providing an indicative measurement of the flowability of the polymer itself. Of
course, the angle of rest depends on the particular polymer: higher is the angle of rest, lower is
the polymer flowability. The angle of rest of a particular polymer can be easily measured as
described successively in correlation with Fig 4.

During regular polymerization conditions the predefined pressure gradient existing between
the first reactor and the downstream loop reactor is such to ensure the continuous transfer of
polymer slurry between the two reactors: the on-off valve at the higher end of the transfer line
is maintained open, so as to allow the entry of polymer slurry into the downstream loop
reactor. Obviously, the emergency valves placed on the bottom bends of the loop reactors are
maintained completely closed.

In case of an emergency stop, the particular arrangement of the polymerization apparatus of
the invention prevents the polymer slurry from remaining entrapped in the transfer line. In
fact, the emergency valves placed on the bottom bends of the reactors are open, so as to
quickly empty the loop reactors. Simultancously, the on-off valve on the top of the transfer

line becomes completely closed, thus avoiding any reflow of polymer slurry back from the

4



WO 2008/095807 PCT/EP2008/050946

downstream reactor into the transfer line.

Due to gravity and depressurization of the system the polymer slurry present inside the
transfer line can flow back to the first loop reactor. In fact, the pipes of the connection line are
sloped of an angle o higher the angle of rest of the produced polymer, so that the polymer
particles can flow back to the first loop reactor and are successively discharged by means of
the emergency on-off valve positioned on the bottom bend of the first loop reactor.

The above technical features of the transfer line makes the polymerization apparatus of the
invention automatically cleaned in case of a sudden stop of the polymerization plant: the
transfer line connecting the first and the second reactor can be quickly emptied, and any
possible obstruction of the connection line due to further polymerization reaction is avoided.
Therefore, waste of time due to the cleaning of the connection pipes between the loop
reactors, and also waste of money and productivity of the polymerization plant are
advantageously avoided.

According to a preferred embodiment of the apparatus of the invention, the prepolymerization
loop reactor of volume V1 is conveniently arranged, along the vertical direction, between the
upper and the bottom bends of the loop reactor of volume V2. As regards the horizontal
direction, it may be suitably arranged in the space comprised between two successive vertical
legs of the loop reactor V2. This preferred arrangement is shown in detail in connection with
Fig. 3 and gives the remarkable advantage of making less bulky the whole polymerization
plant.

The invention will be better understood and carried into effect with reference to the attached
drawings, in which an illustrative and non-limiting embodiment of the invention is shown.
Figure 1 is a schematic view of a polymerization apparatus to perform the olefin
polymerization according to the invention;

Figure 2 is a schematic view of a first loop reactor, a downstream loop reactor and the
respective connection line;

Figure 3 is a schematic view, which highlights the mutual position of the first loop reactor and
the downstream loop reactor according to a preferred embodiment of the invention.

Figure 4 shows a method useful to calculate the angle of rest of a polymer.

By way of an example, the polymerization apparatus of Fig. 1 can be employed in the
production of propylene (co)polymers by means of a Ziegler-Natta catalyst. Ethylene and 1-
butene may be used as comonomers. The apparatus comprises a catalyst preparation tank 1, a
first loop reactor 10 to perform the catalyst prepolymerization, a connection line 50 and a

downstream loop reactor 20.
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A solid catalyst component C coming from a catalyst hopper 3, and a mixture 4 containing a
solvent, an Al-alkyl compound as the catalyst activator, and optionally an electron donor
compound, are fed to the catalyst preparation tank 1.

The catalyst preparation tank 1 comprises a stirrer 5 for stirring the solid catalyst particles and
the above-mentioned components. The activated catalyst discharged from the catalyst
preparation tank 1 merges into a line M feeding the monomer to the inlet of a
prepolymerization reactor 10.

The loop reactor 10 of volume V1 comprises an axial flow pump 11, which provides the
continuous circulation of the slurry inside the loop reactor 10. The loop reactor 10 is provided
with an external jacket 15 in which water is made to circulate at the suitable temperature to
maintain the desired operative conditions inside the loop reactor 10.

A slurry S containing the prepolymerized catalyst is discharged from the loop reactor 10. Said
slurry S is fed to the downstream loop reactor 20 through the transfer line 50 having the
arrangement and technical features claimed in the present invention. The transfer line 50
continuously conveys the polymer slurry S to an inlet in the downstream loop reactor 20.
Suitable amounts of monomers are introduced via line M’ into the downstream loop reactor
20.

The polymerization reactor 20 of volume V2 comprises an axial flow pump 21, which
provides the continuous circulation of the polymer slurry inside the loop reactor 20. The loop
reactor 20 is provided with an external jacket 25, in which water is circulated at a proper
temperature in order to maintain the polymerization temperature at the desired values.

A polypropylene slurry S’ containing polypropylene, unreacted monomers and catalyst
residues is discharged from the loop reactor 20 and is continuously transferred via line 40 to a
steam jacketed pipe 41, so as to ensure monomer evaporation during the polymer conveyance
to a flash tank 42, operated at a pressure lower than the polymerization pressure.

A gaseous stream of unreacted monomers is collected at the top of the flash tank 42 and is fed
via line 43 to a condenser 44, where the unreacted monomers are condensed before their
recycle to the loop reactor 20. Make-up liquid monomers are also introduced via line 46 into a
supply tank 45, from which said liquid monomers are fed via line 48 to the loop reactor 20 by
means of a pump 47.

The polypropylene particles separated at the bottom of the flash tank 42 are conveyed via line
P to the finishing section of the polymerization plant comprising polymer steaming, drying,
extrusion and pelletization (not shown).

With reference to Figure 2 the polymerization apparatus of the invention is shown in detail.

6
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The prepolymerisation reactor 10 comprises two vertical legs 12 joined together by a lower
bend 13 and an upper bend 14. The two vertical legs 12 are partly surrounded by a cooling
jacket 15, in which water is made to circulate. The suction of the axial flow pump 11 causes
the circulation of the slurry of prepolymer S inside the loop reactor in the direction indicated
by the arrow F1.

The bottom bend 13 of the loop reactor 10 is provided with an on-off emergency valve 56 for
empting the vertical legs of the loop reactor 10 in case of emergency or safety reasons.

The slurry S obtained from the prepolymerisation reactor 10 is fed to the first polymerisation
reactor 20 through the transfer line 50, extending from the outlet 10c of the prepolymerisation
reactor 10 to the inlet 20b in the downstream polymerisation reactor 20.

The loop reactor 20 is provided with four vertical legs 22a, 22b, 22¢ and 22d, a first and
second bottom bend 23a, 23b, a first and second upper bend 24a, 24b. The suction of the axial
flow pump 21 is such that the polymer slurry S’ circulates inside the loop reactor 20 in the
direction indicated by the arrow F2.

The first vertical leg 22a and the second vertical leg 22b are reciprocally connected through
the first bottom bend 23a, while the third vertical leg 22¢ and the fourth vertical leg 22d are
reciprocally connected through the second bottom bend 23b. The first vertical leg 22a and the
fourth vertical leg 22d are reciprocally connected through the first upper bend 24a, while the
second vertical leg 22b and the third vertical leg 22¢ are reciprocally connected through the
second upper bend 24b.

Preferably, the outlet 10c from the prepolymerisation reactor 10 is placed on the upper bend
14 of the first loop reactor 10, while the inlet 20b of the downstream loop reactor 20 is placed
on the second upper bend 24b of the loop reactor 20.

The outlet 20c from the polymerisation reactor 20 is preferably arranged in correspondence of
the bottom bend 23b, i.c. far from the delivery zone of the axial flow pump 21, so that the
polymer slurry fed into the polymerisation reactor 20 at the inlet 20b flows for more than half
loop circuit before being discharged from the outlet 20c. The bottom bends 23a and 23b of the
loop reactor 20 are respectively provided with on-off emergency valves 57 and 58 for empting
the loop reactor 20 in case of safety reasons.

The connection line 50 for conveying the slurry S from the loop reactor 10 to the
polymerisation reactor 20 comprises an on-off piston valve 55, which is positioned flush with
the wall of the upper bend 24b of the downstream loop reactor 20. The connection line 50 is
formed by adjacent pipes 50a, 50b arranged at progressively increasing heights from the

prepolymerisation reactor 10 to the polymerisation reactor 20, each pipe 50a, 50b defining
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with a horizontal direction x an angle a greater than an angle of rest of the produced polymer.
The adjacent pipes forming the connection line 50 may be also differently sloped with respect
to the horizontal direction x. Preferably the value of the above angle o is comprised between
about 50° and 90°, more preferably between from 70° to 90°.

In case of polypropylene particles the typical angle of rest 8 is of about 30°, so that in the
arrangement of Fig. 2 the pipes 50a, 50b are tilted of an angle o higher than 30° with respect
to the horizontal direction x.

In the embodiment of Figure 2 the first pipe 50a, starting from the outlet 10c of the reactor 10,
is vertically oriented, thus forming with the horizontal direction x an angle of 90°. The second
pipe 50b, extending up to the inlet 20b of the loop reactor 20, forms with the horizontal
direction x an angle of about 60°, i.e. higher than the angle of rest 8 of the polypropylene.

In case of an emergency stop of the polymerization process, the arrangement of Fig. 2
prevents the polymer slurry from remaining entrapped in the transfer line 50. In fact, the
emergency valve 56 arranged on the bottom bend 13 of the loop reactor 10 may be opened, so
as to quickly discharge the polymer slurry from the loop reactor 10. Also the emergency
valves 57 and 58 arranged on the bottom bends 23a and 23b of the loop reactor 20 may be
opened, so as to quickly empty the loop reactor 20. Simultaneously, in case of an emergency
stop the on-off piston valve 55 on the top of the transfer line 50 should be completely closed,
thus avoiding any reflow of polymer slurry back from the loop reactor 20 into the transfer line
50.

Due to gravity and sloping of the pipes 50a, 50b, the polymer slurry S flowing in the transfer
line 50 cannot settle on the pipes 50a, 50b, but it can flow back to the first loop reactor 10,
from which is discharged via the emergency on-off valve 56. Therefore, the formation of
polymer chunks in the transfer line 50 is avoided and the polymerization apparatus is auto-
cleaned. No polymer residues remain entrapped in the transfer line 50, so that, once solved the
emergency or maintenance problems, the polymerization process can be restarted, without
waste of time caused by cleaning operations.

With reference to Figure 3, a preferred arrangement of the loop reactor 10 and the
downstream loop reactor 20 is shown. According to this embodiment, the special arrangement
of the loop reactor 10 is such that it is positioned inside the overall dimension of the
polymerisation reactor 20. This is possible since the prepolymerisation reactor 10 has a
volume V, that is considerably smaller than volume V; of the polymerisation reactor 20.

The loop reactor 10 is arranged, along the vertical direction, between the upper bend 24b and
the bottom bend 23b of the loop reactor 20 and, simultaneously, along the horizontal

8
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direction, it is positioned between two adjacent vertical legs of the loop reactor 20, in

particular between the vertical legs 22¢ and 22d. The preferred arrangement of Fig. 3 makes

less bulky the whole polymerization plant.

With reference to the Figure 4, a simple method for the calculation of the angle of rest is

shown. The polymer to be subjected to measurement is introduced in a container 200

comprising an inlet 201, a central body 202 of cylindrical shape with a height M1 of about 10

cm, and a discharging portion 203. Said discharging portion has a conical shape and is

provided with a wall 204 tilted of about 35° in relation to the vertical direction: an orifice 205

is placed at the bottom end of the discharging portion 203.

The polymer is introduced in the container 200 through the inlet 201 while maintaining closed

the orifice 205. Once the container 200 is almost full of polymer P, the orifice 205 is opened

and the polymer P falls down through the orifice 205 and settles on a horizontal plane 206,

thus forming a cone 207 of polymer particles.

The distance between the orifice 205 and the plane 206 is of about 10 cm. The value of the

height M3 of the cone 207 depends on the friction between the adjacent polymer particles and

their mutual sliding tendency (flowability). The height Ms and the diameter My of the cone

207 are measured, and the angle of rest @ of the specific polymer P can be calculated by

means of the following formula:

Tang 6= M3/R, wherein R is the radius of cone 207, i.e. R=M,/2.

As said, the measured angle of rest 0 is a parameter providing an indicative measurement of

the polymer flowability: the higher is the angle of rest 0, the lower is the polymer flowability.

The polymerization apparatus of the invention described in the Figs 1-3 enables to carry out

the polymerization of olefins with a very low risk of having solid obstructions in the transfer

line connecting the loop reactors.

It is therefore a second object of the invention a process for the liquid-phase polymerization of

one or more a-olefins in presence of a polymerization catalyst, the process comprising;:

a) prepolymerizing said catalyst in a liquid medium in a first reactor to obtain a polymer

slurry with a polymerization degree from 60 to 800 g per gram of solid catalyst component;

b) polymerizing said one or more a-olefins in at least a downstream loop reactor;

wherein the polymer slurry is transferred from said first reactor to said downstream loop

reactor by means of a connection lines comprising:

- one or more adjacent pipes arranged at progressively increasing heights, each pipe
forming with a horizontal direction an angle greater than a rest angle of the obtained

polymer;
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- an on-off valve positioned flush with the wall of said downstream loop reactor.

The prepolymerization step a) is carried out in a first reactor selected from a loop reactor or a
continuously stirred tank reactor. According to a preferred embodiment, said first reactor is a
loop reactor of volume V1, with V/V; lower than 0.4, wherein V2 is the volume of the
downstream loop reactor.

As regards the polymerization catalyst system fed to step a), a Ziegler-Natta catalyst, a
metallocene catalyst, or a chromium based catalyst can be used.

A Ziegler-Natta catalyst system comprises the catalysts obtained by the reaction of a transition
metal compound of Ti, V, Zr, Cr, and Hf with an organometallic compound of group 1, 2, or 13
of the Periodic Table of element.

A metallocene-based catalyst system comprises at least a transition metal compound containing
at least one 1 bond and at least an alumoxane or a compound able to form an alkylmetallocene
cation.

The liquid medium of step a) comprises liquid alpha-olefin monomer(s), optionally with the
addition of an inert hydrocarbon solvent. Said hydrocarbon solvent can be either aromatic, such
as toluene, or aliphatic, such as propane, hexane, heptane, isobutane, cyclohexane and 2,2,4-
trimethylpentane. The amount of hydrocarbon solvent, if any, is lower than 40% by weight with
respect to the total amount of alpha-olefins, preferably lower than 20% by weight. Preferably
step a) is carried out in the absence of inert hydrocarbon solvents.

The average residence time is the ratio between the volume of the loop reactor and the
volumetric rate flow of polymer slurry discharged from said reactor. This parameter in step a)
generally ranges from 2 to 40 minutes and can be modified by increasing or decreasing the
output flow rate of the polymer slurry from the reactor. Said residence time preferably ranges
from 10 to 25 minutes.

The operating conditions in step a) are such that the temperature is comprised between 10°C
and 50°C, preferably between 20°C and 40°C, so as to limit the polymerization degree in step
a) at values in the range from 60 to 800 g per gram of solid catalyst component, preferably
from 150 to 400 g per gram of solid catalyst component.

Step a) is further characterized by a low concentration of solid in the slurry, typically in the
range from 50 g to 300 g of solid per liter of slurry.

The above mentioned values of temperatures, residence times, and low solid concentrations
enable the catalyst to be preserved: in fact, if the monomers were added at high concentrations
a violent reaction would take place that would fragment the catalyst.

A slurry containing prepolymerized catalyst particles is discharged from the loop reactor of

10
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step a), said slurry being conveyed to the downstream loop reactor by means of the transfer
line of the present invention. In the polymerization step b) temperatures comprised between
50°C and 95°C, preferably from 65 to 85°C are maintained, while the operating pressure is
between 2.0 and 10 Mpa, preferably between 2.5 and 5.0 MPa.

The residence time of the slurry in the loop reactor of step b) is comprised between 10 min
and 90 min, preferably between 20 min and 60 min.

Hydrogen is generally used as a chain transfer agent to adjust the molecular weight of the
produced polyolefin. The total amount of H; fed to the polymerization loop reactor is less
than 50000 ppm, preferably 100-15000 ppm weight, based on the total feed of monomers.

The monomers to be polymerized in step b) are one or more a-olefins of formula CH,=CHR,
where R is hydrogen or a hydrocarbon radical having 1-12 carbon atoms. Preferably, said a-
olefin is propylene: in this case the propylene concentration is comprised between 60 and
100% by weight, preferably between 75 and 95%, based on the total amount of liquid present
in the loop reactor. The remaining part of liquid may comprise an inert hydrocarbon, if
present, and one or more a-olefin comonomers in case of copolymerization. The preferred
comonomer is ethylene.

The polyolefin slurry coming from the polymerization loop reactor may be transferred to a
further polymerization step carried out in a liquid-phase or a gas-phase reactor, or to a flash

tank having the function to separate the solid polymer particles from the liquid phase.
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CLAIMS

An apparatus for the liquid-phase polymerization of one or more a-olefins comprising:

- a first reactor selected from a loop reactor or a continuously stirred tank reactor;

- at least a downstream loop reactor;

- a connection line for transferring a polymer slurry from said first reactor to said
downstream loop reactor, said connection line comprising:

- one or more adjacent pipes arranged at progressively increasing heights, each pipe
forming with a horizontal direction (x) an angle o greater than the angle of rest of the
obtained polymer;

- an on-off valve positioned flush with the wall of said downstream loop reactor.

The apparatus according to claim 1, wherein said first reactor is a loop reactor of
volume V; with a ratio Vi/V, lower than 0.4, wherein V, is the volume of the
downstream loop reactor.

The apparatus according to claim 2, wherein the ratio V/V; is comprised between
0.05 and 0.2.

The apparatus according to claim 1, wherein said first loop reactor comprises from 2
to 4 vertical legs, joined each other by means of top and bottom bends.

The apparatus according to claim 1, wherein said downstream loop reactor comprises
from 4 to 8§ vertical legs, joined each other by means of top and bottom bends.

The apparatus according to claim 1, wherein said angle o is comprised between 50°
and 90°.

The apparatus according to claims 4 or 5, wherein said vertical legs are provided with
on-off emergency valves for empting the loop reactor.

The apparatus according to claims 4 or 5, wherein said bottom bends are provided
with on-off emergency valves for empting the loop reactor.

The apparatus according to claim 2, wherein said first loop reactor is arranged, along
the vertical direction, between the upper and the bottom bends of said downstream
loop reactor.

The apparatus according to claim 2, wherein said first loop reactor is arranged, along
the horizontal direction, between two successive vertical legs of said downstream loop
reactor.

A process for the liquid-phase polymerization of one or more a-olefins in presence of
a polymerisation catalyst, the process comprising:

a) prepolymerizing said catalyst in a liquid medium in a first reactor to obtain a
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12.

13.

14.

15.

16.

17.

18.
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polymer slurry with a polymerization degree from 60 to 800 g per gram of solid
catalyst component;

b) polymerizing said one or more a-olefins in at least a downstream loop reactor;
wherein the polymer slurry is transferred from said first reactor to said downstream
loop reactor by means of a connection lines comprising:

- one or more adjacent pipes arranged at progressively increasing heights, each

pipe forming with a horizontal direction an angle greater than a rest angle of the

obtained polymer;

- an on-off valve positioned flush with the wall of said downstream loop reactor.
The process according to claim 11, wherein said polymerization catalyst is selected
from Ziegler-Natta, metallocene, chromium based catalysts.

The process according to claim 11, wherein said liquid medium comprises liquid alpha-
olefin monomer(s), optionally with the addition of an inert hydrocarbon solvent.

The process according to claim 11, wherein the average residence time in step a) ranges
from 2 to 40 minutes.

The process according to claim 11, wherein the operating temperature in step a) is
comprised between 10°C and 50°C.

The process according to claim 11, wherein the polymerization degree in step a) is from
150 to 400 g per gram of solid catalyst component.

The process according to claim 11, wherein in case of a polymerization stop the
polymer slurry is removed from said first and downstream reactors by means of on-off
emergency valves provided on the bottom bends of the reactors.

The process according to claim 11, wherein in case of a polymerization stop said on-off
valve arranged on said transfer line is closed and the polymer slurry inside the transfer

line flows back to said first reactor.
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